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Preface

SINCE THE SECOND EDITON of this book was
published five years ago, the UK and worldwide
market for food supplements has continued to
grow. Vitamins and minerals – in multiple-
ingredient products and as single ingredients –
remain very popular. Indeed, multivitamins and
minerals have the largest share of the market in
most countries.

However, since the last edition, there has
been an enormous growth in interest in other
supplements, such as carotenoids, glucosamine,
isoflavones, omega-3 fatty acids and probiotics,
substances that were hardly known to the
general public until very recently. Technological
advances are increasingly making it possible
to include such ingredients in both dietary
supplements and foods, hence the blurring of
boundaries between ‘supplements’, ‘functional
foods’ and the ‘nutraceutical’ ingredients that go
into them. As the range of substances identified
in foods, and knowledge of their potential
benefits in disease, continues to grow, it is likely
that many more such substances will be included
in food supplements in the future.

The amount of information about food sup-
plements has grown exponentially during the
last few years, most of it appearing on the
Internet and fully accessible to the public. Added
to which is the huge variety of food supplements
on the shelves of pharmacies, health food shops,
supermarkets and on the Internet. Finding an
evidence-based path through the maze of infor-
mation and products is an enormous challenge
for the health professional, and it is very
confusing for the potential buyer who wants to
know ‘what really works’.

Few health professionals, including pharma-
cists, nurses, doctors or dieticians, have an
in-depth knowledge of dietary supplements, yet
the public expects them to be able to answer

questions on these products. Although there is
an abundance of spurious information, there
is, alongside this, a growing evidence base for
dietary supplements. A large number of peer-
reviewed, high-quality trials, systematic reviews
and meta-analyses have been published since
the second edition of this book, offering health
professionals a better evidence base from which
to offer information to the public.

There are still, of course, many uncertainties,
and the inevitable ‘more research needed’ will
continue to apply to many dietary supplements
for some time to come. However, this should
not prevent health professionals from giving
evidence-based information where it exists and
being honest enough to say ‘research has not yet
provided the answers’ where appropriate.

So, what has changed in the third edition of
Dietary Supplements? The answer to this lies
mainly in the depth of information provided
in the monographs, which has arisen entirely
because of the growth in the research base.
Ten new monographs have also been added.
Another significant change is the inclusion of
maximum safe upper levels for vitamins and
minerals, which have been published in the
UK since the second edition. The regulatory
framework for dietary supplements has also
changed in the UK, in that the European Union
Food Supplements Directive has now come into
force. Although this has meant limited change to
the book, the labelling and marketing of supple-
ments is likely to change in the near future.

The easy-to-use encyclopaedic format con-
tinues to be retained and it is my intention
that this book is primarily a reference source,
which I hope will continue to be useful to many
colleagues around the world.

Pamela Mason
January 2007
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Introduction

There is now considerable interest in dietary
supplements, and increasing numbers of people
are using them. In the National Diet and Nutri-
tion Survey of British adults aged 19–64 years,
40% were taking supplements.1 In the UK, sales
of dietary supplements in 2005 were approx-
imately £326 million in ‘bricks and mortar’
shops (excluding health food shops).2 Sales of
some of the different types of supplements (2005
figures) are shown in Table 1.

Table 1 Sales of different types of supplements
in the UK (2005)

Type of supplement Sales(£ million)

Fish oils 116
Multivitamins 72
Single vitamins 35
Evening primrose oil and other

GLA products
13

Garlic 7
Other 83
Total 326

GLA = gamma-linolenic acid.

Individuals buy supplements for many different
reasons, which may include the following:

� As an insurance policy, to supplement what
an individual may consider to be a poor diet
(e.g. no time or inclination to eat regular
meals).

� To improve overall health and fitness.
� To prolong vitality and delay the onset of

age-associated problems.

� As a tonic or ‘pick-me-up’ when feeling run-
down or after illness.

� For symptoms of stress.
� Recommended by an alternative health prac-

titioner or health professional.
� Pregnancy.
� Slimming.
� Smoking.
� To improve performance and body-building

in sports and athletics.
� To prevent or treat various signs and symp-

toms (e.g. colds, cardiovascular disease, can-
cer, poor sight, skin problems, arthritis,
premenstrual syndrome, etc.).

While there is a great deal of information about
these substances – increasingly so on the Internet
– not all of it is reliable. Indeed, there are
probably few areas associated with health care
where such confusion exists. This confusion
extends to health professionals as well as the
general public. Because dietary supplements are
not considered to be drugs, pharmacists are
often unfamiliar with them and, because they
are not foods (in the sense of being part of
a normal diet), dieticians are understandably
wary of recommending them. Doctors typically
receive little nutritional education and may not
have the knowledge or the time to give informed
advice.

In addition, supplements are a topic about
which there is a great deal of disagreement
even between nutrition experts. Some say they
are largely unnecessary because a balanced diet
provides all the required vitamins and minerals,
others say that supplements make a worthwhile
contribution to a healthy diet, while increas-
ingly, some experts say that optimal health

ix



x Introduction

cannot easily be achieved in some areas without
them.

Given the growth in sales of dietary supple-
ments, it is appropriate to ask what evidence
there is that they work. Are there rigorous
trials to show that these products work? Un-
til the early 1990s, there were relatively few
well-conducted trials involving vitamins and
minerals, and fewer still on substances such as
garlic, fish oils, ginseng, and so on. Evidence
was largely limited to anecdotal reports and
single case studies. The argument often used
to be made that controlled trials could not
be conducted with supplements, because they
often contain a range of natural ingredients
whose effects are difficult to separate. However,
such arguments are often misguided, and an
increasing body of evidence is now emerging
from double-blind randomised controlled trials,
and also from systematic reviews and meta-
analyses. Some of these suggest that some sup-
plements (e.g. folic acid, fish oils) are effective
in some groups of the population in certain
circumstances. However, for other supplements
(e.g. royal jelly), there is little evidence of
benefit.

What are dietary supplements?

Definition
Various definitions for dietary supplements exist
worldwide. In the UK, the definition developed
by the Proprietary Association of Great Britain
(PAGB), British Herbal Manufacturers’ Associ-
ation (BHMA) and the Health Food Manufac-
turers’ Association (HFMA) is that they are:

foods in unit dosage form, e.g. tablets, capsules
and elixirs, taken to supplement the diet. Most are
products containing nutrients normally present in
foods which are used by the body to develop cells,
bone, muscle etc, to replace co-enzymes depleted by
infection and illness, and generally to maintain good
health.

In addition to vitamins and minerals, this defi-
nition also covers ingredients such as garlic, fish
oils, evening primrose oil and ginseng, which
can be taken to supplement dietary intake or
for their suggested health benefits.

For the purposes of the European Union (EU)
Directive on food supplements the term ‘food
supplements’ means:

foodstuffs the purpose of which is to supplement
the normal diet and which are concentrated sources
of nutrients or other substances with a nutritional
or physiological effect, alone or in combination,
marketed in dose form, namely forms such as
capsules, pastilles, tablets, pills and other similar
forms, sachets of powder, ampoules of liquids, drop
dispensing bottles, and other similar forms of liquids
and powders designed to be taken in measured small
unit quantities.

In the USA, the Dietary Supplement Health
Education Act (DSHEA) 1994 defines a dietary
supplement as:

a product (other than tobacco) that is intended to
supplement the diet which bears or contains one or
more of the following dietary ingredients: a vitamin,
a mineral, a herb or other botanical, an amino acid,
a dietary substance for use by man to supplement
the diet by increasing the total daily intake, or
a concentrate, metabolite, constituent, extract or
combinations of these ingredients. It is intended for
ingestion in pill, capsule, tablet or liquid form, is not
represented for use as a conventional food or as the
sole item of a meal or diet and is labelled as a dietary
supplement.

This definition, like that in the UK, also expands
the meaning of dietary supplements beyond
essential nutrients, to include such substances
as ginseng, garlic, psyllium, other plant ingredi-
ents, enzymes, fish oils and mixtures of these.
The EU definition does not currently include
substances apart from vitamins and minerals,
but other substances may be included in the
future.

One of the key points in these definitions is
that dietary supplements are products consumed
in unit quantities in addition to normal food in-
take. This differentiates supplements from other
foods, such as fortified foods and functional
foods, to which nutrients are added. However,
a major difference in the US definition is the
explicit inclusion of ‘herbs or other botanicals’
in the list of dietary ingredients.

In the UK, herbal products are currently
marketed under a variety of arrangements –
either as fully licensed medicines, under the
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Traditional Herbal Medicines Product (THMP)
Directive, ‘medicines exempt from licensing’
under section 12 of the 1968 Medicines Act, or
as cosmetics or foods, so they do not fall entirely
in the food supplements category.

Enteral feeds (e.g. Complan and Ensure)
and slimming aids are also classified as dietary
supplements by nutritionists and dieticians, but
for the purposes of this book, these products
will be ignored.

Classification

Dietary supplements fall into several categories
in relation to ingredients. These are:

1 Vitamins and minerals
� Multivitamins and minerals. These

normally contain around 100% of the
Recommended Daily Allowance (RDA)
for vitamins, with varying amounts of
minerals and trace elements.

� Single vitamins and minerals. These may
contain very large amounts, and when
levels exceed ten times the RDA, they are
often termed ‘megadoses’.

� Combinations of vitamins and minerals.
These may be marketed for specific popu-
lation groups, e.g. athletes, children,
pregnant women, slimmers, teenagers,
vegetarians, etc.

� Combinations of vitamins and minerals
with other substances, such as evening
primrose oil and ginseng.

2 ‘Unofficial’ vitamins and minerals, for which
a requirement and a deficiency disorder in
humans has not, so far, been recognised, e.g.
boron, choline, inositol, silicon.

3 Natural oils containing fatty acids for which
there is some evidence of beneficial effects,
e.g. evening primrose oil and fish oils.

4 Natural substances containing ‘herbal’ in-
gredients with recognised pharmacological
actions but whose composition and effects
have not been fully defined, e.g. echinacea,
garlic, ginkgo biloba and ginseng.

5 Natural substances whose composition and
effects are not well defined but which are
marketed for their ‘health giving properties’,
e.g. chlorella, royal jelly and spirulina.

6 Enzymes with known physiological effects,
but of doubtful efficacy when taken by
mouth, e.g. superoxide dismutase.

7 Amino acids or amino acid derivatives, e.g.
N-acetyl cysteine, S-adenosyl methionine.

Uses of supplements

There are two main approaches to the use of
supplements. They can be used to:
� treat or prevent nutritional deficiency; and to
� reduce the risk of non-deficiency disease and

promote optimal health.

When vitamins were first discovered during the
early years of the 20th century, their only indi-
cation was for the prevention and treatment of
deficiency disease such as scurvy, beri-beri, pel-
lagra, etc. This led to the development of dietary
standards such as RDAs and, more recently, to
the Dietary Reference Values (DRVs).3 These
values were based on amounts of nutrients
required to prevent deficiency, and even though
subject to various limitations, they are still the
best measure of dietary adequacy.

After the Second World War, it was thought
that nutritional deficiencies had largely disap-
peared and scientific interest in vitamins and
minerals waned. However, with the increase in
various chronic diseases such as cardiovascular
disease and cancer, vitamins became an area of
growing interest again, and it was suggested that
supplements might help to reduce the risk of
such disease. At the start of the 21st century,
there is growing concern among the public to
improve quality of life and supplements are
increasingly used to promote so-called optimum
health.

Despite the idea that nutritional deficiency
had disappeared, recent UK national diet and
nutrition surveys have shown that there is
no room for complacency. Although average
dietary intakes may appear adequate, some
groups of the surveyed populations are clearly
at risk of marginal deficiencies.

The National Diet and Nutrition Survey in
pre-school children4 showed that 8% of the sur-
veyed youngsters aged 11/2 to 41/2 were anaemic,
a further 12% were mildly iron-deficient and
15% had a poor intake of zinc. Vitamin A
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deficiency was present in 8%, vitamin B2 defi-
ciency in 23% and vitamin C deficiency in 3%.

A similar nutritional survey of older children5

again showed average nutrient intakes were
largely fine, but anaemia was present in 1.5% of
boys and 5% of girls, with respective totals of
13% and 27% having low serum ferritin – an
indication of iron deficiency. In addition, zinc
was found to be low in the diets of 10% of boys
and 20% of girls. Also of concern were calcium
intakes, which were below the Lower Reference
Nutrient Intake (LRNI) in 6% of boys and 12%
of girls. For magnesium, the respective figures
were 12% and 27% and for vitamin A, 10%
and 11%. Furthermore, some of the surveyed
youngsters also appeared to have poor status
for vitamin B12, vitamin C, vitamin D, folate,
riboflavin and thiamine.

The National Diet and Nutrition Survey of
people aged 65 years and over6 showed that
there were nutritional problems in some
individuals. Up to 38% of the survey population
was deficient in vitamin D, up to 38% were
deficient in vitamin C, up to 18% in folate, up
to 15% in vitamin B12 and up to 30% in iron.
Of the free-living individuals, 11% of men and
9% of women were anaemic.

The most recent National Diet and Nu-
trition Survey involving British adults aged
19–64 years1 found that mean intakes of all
nutrients in men are ≥ 100% of the RNI. For
women, mean intakes of iron, magnesium and
copper were below the RNI. However, mean
intakes fail to show the proportion of people
that do not achieve the RNI. For example,
for women, mean magnesium intake was 85%
of the RNI, but 74% in this survey failed to
achieve the RNI. Mean intakes also fail to show
that intakes in some age groups are particularly
poor. For example, iron intake in women overall
was 82% of the RNI while in 19–24-year-old
women it was 60% of the RNI. Overall, 91%
of women failed to achieve the RNI for iron
while 41% of women aged 19 to 34 had intakes
of iron below the LRNI. For magnesium and
copper, intake overall in women is 85% and
86% of the RNI, respectively, but for women
aged 19–24 years it was 76% of the RNI for
both minerals. Indeed, men and women aged
19–24 had significantly poorer intakes of all

vitamins and minerals than those aged 50–64,
with mineral and trace element intakes in the
women aged 19–24 years a particular cause for
concern.

Although good diet is the most appropriate
route to achieving improved nutrition in these
population groups, there is no evidence to
suggest that risk of deficiency is a thing of the
past.

Various groups of the population could be
at risk of nutrient deficiency and could benefit
from supplementation. These include:
� People in a particular demographic category,

e.g. infants and children, adolescents, women
during pregnancy and lactation and through-
out the reproductive period, the elderly and
ethnic minorities.

� People whose nutritional status may be com-
promised by lifestyle (enforced or voluntary),
e.g. smokers, alcoholics, drug addicts, slim-
mers, strict vegetarians (i.e. vegans), food
faddists, individuals on low incomes and
athletes.

� People whose nutritional status may be
compromised by surgery and/or disease, e.g.
malabsorption syndromes, hepato-biliary
disorders, severe burns and wounds and
inborn errors of metabolism.

� People whose nutritional status may be com-
promised by long-term drug administration
(e.g. anticonvulsants may increase the re-
quirement for vitamin D).

Increasingly, people are taking supplements for
reasons other than prevention of deficiency and
at amounts higher than the RDA. Moreover,
evidence is increasing that, at least for some
nutrients (e.g. folic acid, vitamin D), there may
be benefits in achieving higher intakes than the
RDA.

However, while there is agreement about the
beneficial effects of nutrients in the prevention
of deficiency disease and the amounts required
to achieve such effects, there is controversy
about amounts required for reduction in risk of
chronic disease and so-called ‘optimum health’.
Some would argue that higher amounts are
required and that basing requirements for nu-
trients only on the prevention of deficiency
disease is inadequate. But what other end points
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should be used is open to debate; longevity,
increased resistance to cancer and coronary
heart disease, improved athletic performance,
etc. Higher levels of intake cannot always easily
be obtained from diet alone, and supplemen-
tation is required. However, excessive intake
of some nutrients can lead to toxicity, and it
is with this in mind that several committees
worldwide have established safe upper limits for
supplement intake.

Legal status

The UK
In the UK, the majority of dietary supplements
are classified legally as foods, and sold under
food law. There are just a few exceptions (e.g.
Abidec, Pregaday, Epogam, Efamast, Maxepa
and some generic vitamin and mineral prepa-
rations), which are licensed medicines. Unlike
medicines, most supplements are not, therefore,
subject to the controls of the Medicines Act
(1968). Because supplements classed as foods do
not require product licences, they do not have
to go through such rigorous clinical trials, and
are therefore much cheaper to put on the market
than medicines.

Dietary supplements are not controlled by
quite the same strict conditions of dosage,
labelling, purity criteria and levels of ingredients
as medicines. The retail supply of those vitamins
that have product licences (i.e. medicines) are
subject to limitations which depend on their
strength and maximum daily dose, as shown in
Table 2.

Dietary supplements containing levels of vi-
tamins in excess of those in prescription-only
medicines are available to the public. However,
in recognition of the fact that consumers are
increasingly using high-dose products, the Food
Standards Agency (FSA) Expert Group on Vi-
tamins and Minerals (EVM) has published safe
levels of intake for vitamins and minerals.6 (See
Appendix 3.)

Claims that can be made for supplements
are currently regulated by food law, but will
also be regulated at European level, possibly
from 2007 (see below). Advertising of dietary
supplements is regulated by various advertising
codes for both the broadcast media (TV and

Table 2 Limitations on the sale or supply of
licensed medicines containing certain vitamins

Vitamin Legal status

Vitamin A Up to 2250 µg (7500 units) GSL
Over 2250 µg (7500 units) POM

Vitamin D Up to 10 µg (400 units) GSL
Over 10 µg (400 units) P

Cyanocobalamin Up to 10 µg GSL
Over 10 µg P

Folic acid Up to 200 µg GSL
200–500 µg P
Over 500 µg POM

GSL = subject to control under the Medicines (General Sales List) Order,

1977.

POM = subject to control under the Medicines (Prescriptions Only)

Order, 1977.

P = Pharmacy only products.

radio advertising standards codes) and the non-
broadcast media. These codes are policed by
the Advertising Standards Authority (ASA), an
independent body set up by the advertising
industry.

Europe
Across the countries of the European Union
(EU), the diversity of regulation for food supple-
ments has been wide, with several approaches
to regulating vitamin and mineral supplements
such that one product of the same strength (e.g.
vitamin C 1000 mg) can be a food in one country
but a medicine in another.

However, the regulatory environment in
Europe is changing rapidly. The European Com-
mission has adopted Directive 2002/46/EC,
which lays down specific rules for vitamins
and minerals used as ingredients for food
supplements (see http://europa.eu.int). All food
supplements containing vitamins or minerals
as well as other ingredients should conform
to the specific rules for vitamins and minerals
laid down in the Directive. The Directive was
implemented in the UK in August 2005.

The Directive includes a ‘positive list’ of
vitamins and minerals permitted in food supple-
ments (Annex 1), and a second list identifying
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the chemical substances that can be used in
their manufacture (Annex 2). Only vitamins and
minerals in the forms listed may be used in
the manufacture of food supplements. However,
until 31 December 2009, Member States may
allow the use of vitamins and minerals not listed
in Annex 1 or in forms not listed in Annex 2
provided that:
� the substance was an ingredient in a food

supplement marketed in the EC before 12
July 2002;

� the European Food Safety Authority (EFSA)
has not given an unfavourable opinion in
respect of the use of the substance, or its
use in that form, in the manufacture of
food supplements, on the basis of a dossier
supporting use of the substance that had to be
submitted to the Commission by the Member
State not later than 12 July 2005.

Dossiers have been submitted for around 300
substances (see http://europa.eu.int). These are
principally salts of minerals and trace elements,
such as salts of boron, calcium, chromium,
cobalt, copper, iron, magnesium, manganese,
molybdenum, potassium, selenium, vanadium
and zinc. However, some vitamin ingredients
also appear on the list of submitted dossiers.

Specific rules concerning nutrients, other
than vitamins and minerals, or other substances
with a nutritional or physiological effect used
as ingredients of food supplements (e.g. fatty
acids, amino acids, fibre, and herbal ingredients)
will be laid down at a later stage. A proposal
on the advisability of establishing specific rules
on other nutritional substances is expected by
mid-2007.

The Directive will also establish maximum
permitted levels of vitamins and minerals for
food supplements. These will take into account
upper safe levels of vitamins and minerals
established by scientific risk assessment based
on generally accepted scientific data, intake
of vitamins and minerals from other dietary
sources and the varying degrees of sensitivity
of different consumer groups. Figures for upper
levels of vitamins and minerals unlikely to have
adverse effects have been published by official
groups such as the EU Scientific Committee
on Food (SCF), the UK Expert Vitamin and

Mineral Group and the US National Academy
of Sciences (see Appendix 3).

The Directive also pays attention to adver-
tising, presentation, purity criteria and labelling
of content and dosage. Labels on dietary supple-
ments express their nutrient content in terms of
RDAs. EU RDAs are based on the requirements
of men and are said to apply to average
adults. They take no account of differences
in nutritional requirements according to age,
sex and other factors, and are therefore simple
approximations used for labels only.

Labelling should not imply that a varied
and adequate diet cannot provide sufficient
quantities of nutrients. In addition, ‘medicinal’
claims relating to the prevention, treatment
or cure of disease in the labelling, advertis-
ing or promotion of food supplements are
prohibited.

Health claims will be regulated by the pro-
posed Health and Nutrition Claims Regulation,
which is expected to be adopted before the end
of 2006 and be applied six months later, by the
middle of 2007. Health claims such as ‘calcium
is good for your bones’ may be used on a label
so long as they are proven to apply to the
food supplement in question. Within 3 years of
the Regulation entering force, the Commission
is to draw up a list of well-established health
claims to be used on labels, and Member States
will be asked to submit a list of claims already
approved at national level. New health claims
submitted for the list after this period or any
disease risk reduction claims such as ‘calcium
helps reduce the risk of osteoporosis’ or ‘X
reduces cholesterol’, will have to be assessed
by the European Food Safety Agency (EFSA)
and be approved by the Commission. In the
UK, the work of the Joint Health Claims Ini-
tiative (see http://www.jhci.org.uk) has helped
to inform health claims regulation at European
level.

This EC Regulation will also apply to
trademarks. Within 15 years of the Regulation
entering into force, existing brand names
suggesting health benefits (such as promises of
weight loss) that do not meet the requirements
of the Regulation must be phased out and
removed from the market. However, certain
generic descriptors such as ‘digestives’ may
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apply for derogation from this rule (see
http://ec.europa.eu/comm./food/labellingnutri-
tion/claims/index en.htm).

The USA
In the USA, the Food and Drug Administration
(FDA) regulates dietary supplements according
to the Dietary Supplement Health and Edu-
cation Act (DSHEA) 1994. Under this law,
supplements are regulated in a similar manner
to food products, while prohibiting their regu-
lation as medicines or food additives. This Act
includes a framework for safety, guidelines for
third-party literature provided at the point of
sale, guidance on good manufacturing practice
(GMP) and labelling standards. Under DSHEA,
manufacturers are responsible for marketing
safe and properly labelled products, but the
FDA bears the burden of proving that a product
is unsafe or improperly labelled. However, the
FDA has insufficient resources for doing this,
and there is concern that not all supplements
are marketed according to best standards of
practice.

DSHEA regulates the labelling of supple-
ments and the claims that can be made. This
includes permissible statements describing the
link between a nutrient and a deficiency or
between a nutrient and its effect on the body’s
structure or function, or its effect on well-
being. Examples include ‘promotes relaxation’
or ‘builds strong bones’. But to make these
claims, the supplement label must also carry
the disclaimer: ‘This statement has not been
validated by the Food and Drug Administration.
This product is not intended to diagnose, treat,
cure or prevent any disease.’

Under the US Nutrition Labelling and Ed-
ucation Act of 1990, a number of specific
health claims are also permitted. These describe
the link between a specific nutrient and the
reduction in risk of a particular disease or
condition and they are based on significant
scientific agreement. Claims applicable to di-
etary supplements include those in relation to
calcium and osteoporosis, folic acid and neural
tube defects, soluble fibre (from oat bran and
psyllium seed) and coronary heart disease and
soya and coronary heart disease.

International
Global standards for vitamin and mineral sup-
plements have also been developed and adopted
at an international level by the Codex Alimen-
tarius Commission. The Codex Alimentarius
Commission or Codex was created by two UN
organisations (the Food and Agricultural Orga-
nization and the World Health Organization)
and its main purpose is to protect consumer
health and ensure fair practice in international
trade in food through the development of food
standards, codes of practice, guidelines and
other recommendations.

The Codex guidelines on vitamin and mineral
supplements are voluntary and apply to sup-
plements that contain vitamins and/or minerals
that are regulated as foods. The guidelines
address the composition of vitamin and mineral
supplements, including the safety, purity and
bioavailability of the sources of vitamins and
minerals. They do not specify upper limits for
vitamins and minerals in supplements, but pro-
vide criteria for establishing maximum amounts
of vitamins and minerals per daily portion of
supplement consumed, as recommended by the
manufacturer. The criteria specify that maxi-
mum amounts should be established by scien-
tific risk assessment based on generally accepted
scientific data and taking into consideration, as
appropriate, the varying degrees of sensitivity of
different population groups. The guidelines also
address the packaging and labelling of vitamin
and mineral supplements.

Law enforcement

In the UK, enforcement of food law, including
health claims, is the responsibility of the local
authorities’ trading standards officers. The local
authority associations are in turn coordinated
by LACORS (Local Authorities Co-ordinators
of Regulatory Services). LACORS (formerly LA-
COTS) is responsible for improving the quality
of trading standards and food enforcement by
promoting coordination, consistency and good
regulation.

Other EU countries have various arrange-
ments for enforcing the law, while in the USA it
is the responsibility of the FDA.
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Patient/client counselling

The following questions may be used by health
professionals before making any recommenda-
tions about supplement use:

1 Who is the supplement for? The individ-
ual buying the product may not be the
consumer; requirements for vitamins and
minerals vary according to age and sex.

2 Why do you think you need a supplement?
The individual may have misconceptions
about the need for and benefits of supple-
ments that should be addressed.

3 What are your symptoms (if any) and how
long have you had them? The individual
could have a serious underlying disorder
that should be referred for appropriate
diagnosis and treatment.

4 What do you eat? A simple dietary assess-
ment should be undertaken to give some in-
dication as to whether vitamin and mineral
deficiency is likely.

5 Is your diet restricted in any way? Slimming,
vegetarianism or religious conviction could
increase the risk of nutritional deficiency.

6 Do you take any prescription or over-the-
counter medicines? This information can
be used to assess possible drug–nutrient
interactions.

7 Do you take other supplements? If so, which
ones? This information can be used to assess
potential overdosage of supplements which
could be toxic.

8 Do you suffer from any chronic illness, e.g.
diabetes, epilepsy, Crohn’s disease? Nutri-
ent requirements in patients with chronic
disease may be greater than in healthy
individuals.

9 Are you pregnant or breast-feeding? Nutri-
ent requirements may be increased.

10 Do you take part in sports or other regular
physical activity?

11 Do you smoke? Requirements for some
vitamins (e.g. vitamin C) may be increased.

12 How much alcohol do you drink? Excessive
alcohol consumption may lead to deficiency
of the B vitamins.

Guidelines for supplement use

The following guidelines may be useful in
making recommendations:
� Compare labels with dietary standards (usu-

ally RDAs).
� In the absence of an indication for a specific

nutrient, a balanced multivitamin/mineral
product is normally preferable to one that
contains one or two specific nutrients.

� Use a product that provides approximately
100% of the RDA for as wide a range of
vitamins and minerals as possible.

� Avoid preparations containing unrecognised
nutrients or nutrients in minute amounts; this
increases the cost, but not the value.

� Avoid preparations that claim to be natural,
organic or high potency; this increases the
cost and, in the case of high-potency prod-
ucts, the risk of toxicity.

� Distinguish between credible claims and un-
substantiated claims.

� If there is uncertainty about product quality,
check with the companies concerned. Ask
about quality assurance. For example, is
the final product analysed to guarantee the
contents in the bottle match the label declara-
tions? Are tests for disintegration, dissolution
or other tests for bioavailability conducted?

Role of the health professional

When asked about supplements, health pro-
fessionals should emphasise the importance
of consuming a diet based on healthy eating
guidelines. This is a diet rich in starchy, fibrous
carbohydrates, including fruit and vegetables,
and low in fat, sugar and salt. Dietary supple-
ments do not convert a poor diet into a good
one.

Health professionals should be aware of
dietary standards and good food sources for
nutrients. They should be able to assess an
individual’s risk of nutrient deficiency and need
for further referral, by asking questions to detect
cultural, physical, environmental and social
conditions which may predispose to inadequate
intakes.

There is a need to be aware of the potential
for adverse effects with supplements. Thus,
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when a client or patient presents with any
symptoms, questions should be asked about
the use of dietary supplements. Individuals will
not always volunteer this information without
prompting because they believe that supple-
ments are ‘natural’ and therefore safe.

Health professionals should make their
clients aware of the existence of badly worded
claims and adverts and of the dangers of
supplement misuse.

Pharmacists have a particular responsibility,
simply because they sell these products. When
supplying any supplement with perceived health
benefits, pharmacists must be careful to avoid
giving their professional authority to a product
that may lack any health or therapeutic benefit
and has risks associated with its use. In accor-
dance with the Code of Ethics of the Royal
Pharmaceutical Society of Great Britain, this
may involve not stocking or selling the product.
Pharmacists must not give the impression that
any dietary supplement is efficacious when there
is no evidence for such efficacy.

However, providing a product is not harmful
for a particular individual, the freedom to use
it should be respected. What is important is

that consumers are able to make informed and
intelligent choices about the products they buy.
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How to use this book

This book covers 82 commonly available di-
etary supplements, including vitamins, minerals,
trace elements and other substances, such as
garlic, ginseng and fish oils. For ease of refer-
ence, they are arranged in alphabetical order
and give information, where appropriate, under
the following standard headings.

Description

States the type of substance; e.g. a vitamin,
mineral, fatty acid, amino acid, enzyme, plant
extract, etc.

Nomenclature

Lists names and alternative names in current
usage.

Units

Includes alternative units and conversion
factors.

Constituents

Lists active ingredients in supplements that are
not pure vitamins or minerals (e.g. evening
primrose oil contains gamma-linolenic acid).

Human requirements

Lists for different ages and sex (where estab-
lished):

� UK Dietary Reference Values and safe upper
levels;

� US Recommended Dietary Allowances
(RDAs) and Tolerable Upper Intake Levels
(ULs);

� World Health Organization (WHO) Refer-
ence Nutrient Intakes;

� European Union Recommended Dietary Al-
lowances (RDAs).

Definitions

The UK
Dietary reference values (DRVs) were estab-
lished in 1991 to replace recommended daily
amounts (RDAs).

� EAR: Estimated Average Requirement. An
assessment of the average requirement for
energy or protein for a vitamin or mineral.
About half the population will need more
than the EAR, and half less.

� LRNI: Lower Reference Nutrient Intake.
The amount of protein, vitamin or mineral
considered to be sufficient for the few people
in a group who have low needs. Most people
will need more than the LRNI and if people
consistently consume less they may be at risk
of deficiency of that nutrient.

� RNI: Reference Nutrient Intake. The amount
of protein, vitamin or mineral sufficient for
almost every individual. This level of intake
is much higher than many people need.

� Safe Intake: A term used to indicate intake
or range of intakes of a nutrient for which
there is not enough information to estimate
RNI, EAR or LRNI. It is considered to be
adequate for almost everyone’s needs but not
large enough to cause undesirable effects.

� DRV: Dietary Reference Value. A term used
to cover LRNI, EAR, RNI and safe intake.

xviii
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The USA
The US Institute of Medicine and the Food and
Nutrition Board have established a set of refer-
ence values to replace the previous RDAs. The
Dietary Reference Intakes encompass EARs,
RDAs, AI (adequate intakes) and Tolerable
Upper Intake Levels (UIs). RDAs and AIs are
set at levels that should decrease the risk of
developing a nutritional deficiency disease.
� RDA: Recommended Dietary Allowance.

The average amount of energy or a nutrient
recommended to cover the needs of groups
of healthy people.

� Safe Intake and Adequate Daily Dietary
Intakes: These are given for some vitamins
and minerals where there is less information
on which to base allowances, and figures are
provided in the form of ranges.

� Tolerable Upper Intake Levels: Defined by
the Food and Nutrition Board of the US
National Academy of Sciences as the highest
total level of a nutrient (diet plus supple-
ments) which could be consumed safely on
a daily basis, that is unlikely to cause adverse
health effects to almost all individuals in the
general population. As intakes rise above the
UL, the risk of adverse effects increases. The
UL describes long-term intakes, so an isolated
dose above the UL need not necessarily cause
adverse effects. The UL defines safety limits
and is not a recommended intake for most
people most of the time.

Europe
RDA: Recommended Dietary Allowance. Pro-
vides sufficient for most individuals. The EU
RDA is used on dietary supplement labels.

The following points should be noted in
relation to dietary standards:
� Dietary standards are intended to assess

the diets of populations, not of individuals.
Thus, both the RDA and the UK Reference
Nutrient Intake (RNI) are set at two stan-
dard deviations above the average population
requirement and are intended to cover the
needs of 95% of the population. So, if an
individual is typically consuming the RDA
or the RNI for a particular nutrient, it can
be assumed that his or her diet provides

adequate amounts (or more than adequate
amounts) of that nutrient to prevent defi-
ciency. If intake is regularly below the RNI,
it cannot necessarily be assumed that the
diet is inadequate, because the person may
have a lower requirement for that nutrient.
However, if an individual is consistently
consuming less than the Lower Reference
Nutrient Intake (LRNI) for a nutrient, it
can be assumed that the diet is deficient in
that nutrient. Nevertheless, individuals differ
in the amounts of nutrients they need and
the quantities they absorb and utilise, and
although the dietary standards are the best
figures currently available, they were never
intended to assess the adequacy of individual
diets.

� Dietary standards are estimates, which are
assessed from a variety of epidemiological,
biochemical and nutritional data, including:
– The intake of a nutrient required to pre-

vent or cure clinical signs of deficiency.
– The intake of a nutrient required to main-

tain balance (i.e. intake – output = zero).
– The intake of a nutrient required to main-

tain a given blood level, tissue concentra-
tion or degree of enzyme saturation.

– The intake of a nutrient in the diet of a
healthy population.

� Dietary standards apply only to healthy
people but not to those with disease whose
nutrient needs may be very different. Re-
quirements may be increased in patients
with disorders of the gastrointestinal tract,
liver and kidney, and in those with inborn
errors of metabolism, cancer, severe infec-
tions, wounds, burns and following surgery.
Drug administration may also alter nutrient
requirements.

Dietary intake

States amounts of nutrients provided by the
average adult diet in the UK.1

Action

Describes the role of the substance in main-
taining physiological function and identifies
pharmacological actions where appropriate.
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Dietary sources

Lists significant food sources based on average
portion sizes. In addition, a food may be
described as an excellent or good source of a
nutrient. This does not describe any food as
‘excellent’ or ‘good’ overall. It defines only the
amount of the nutrient (per portion or serving)
in relation to the Reference Nutrient Intake
(RNI) of the nutrient for the average adult male.

Thus, an excellent source provides 30% or
more of the RNI; a good source provides 15–
30% of the RNI.

Where no RNI has been set for a particular
nutrient, excellent and good are numerically
defined.

Metabolism

Discusses absorption, transport, distribution
and excretion.

Bioavailability

Includes the effects of cooking, processing,
storage methods, and substances in food which
may alter bioavailability.

Deficiency

Lists signs and symptoms of deficiency.

Uses

Discusses potential indications for use with the
level of evidence. Evidence for use of supple-
ments is obtained from several types of studies:
� Epidemiological studies. These are

population-based studies and early evidence
for the potential value of a nutrient usually
comes from epidemiological research.
For example, the idea that antioxidant
supplements could reduce the risk of cancer
came from studies in populations that high
intake of fruit and vegetables was associated
with a low risk of cancer.

� In vitro (laboratory) studies and animal
studies. Data from these studies can be used
to support evidence, but is not enough on its
own. Although both types of study allow for

good control of variables such as nutrients
and more aggressive intervention, each suf-
fers from uncertainties of extrapolating any
observed effects to human.

� Observational studies. These may be
prospective and retrospective and include,
in decreasing order of persuasiveness, co-
hort studies, case-control studies and un-
controlled studies. In prospective studies,
subjects are recruited and observed prior to
the occurrence of the outcome. In retrospec-
tive studies, investigators review the records
of subjects and interview subjects after the
outcome has occurred. Retrospective stud-
ies are more vulnerable to recall bias and
measurement error but less likely to suffer
from the subject selection bias that can occur
in prospective studies. In all observational
studies, the investigator has no control of the
intervention.

� Intervention studies. The investigator con-
trols whether subjects receive an interven-
tion or not. The randomised controlled trial
(RCT) is the gold standard. Intervention
trials with supplements differ from those
for drugs. Unlike studies with drugs, those
with foods and nutrients may have additional
confounders secondary to the intervention
itself. For example, results from intervention
studies with antioxidant supplements (e.g.
vitamins A, C and E) in the prevention of
cancer are inconsistent, even though epi-
demiological studies have consistently shown
that diets high in these nutrients are asso-
ciated with reduced cancer risk. This could
be because such diets contain a range of
other substances apart from those in the
tested supplements and the antioxidants are
merely acting as markers for a type of
diet that is protective. Moreover, chronic
disease, such as cancer and coronary heart
disease, develops over many years and to
investigate the effect of a supplement on
disease risk therefore requires a prolonged
study period (e.g. 20–30 years) as well as a
huge number of subjects, and this makes such
studies difficult and expensive to conduct.
However, without such trials, evidence for
efficacy of many supplements will remain
sparse.
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� Systematic reviews and meta-analyses. These
may include RCTs only or they may also
include observational studies. Decisions on
the part of reviewers to include or leave out
certain types of studies can lead to differing
conclusions from the analysis.

Precautions/contraindications

Lists diseases and conditions in which the sub-
stance should be avoided or used with caution.

Pregnancy and breast-feeding

Comments on safety or potential toxicity during
pregnancy and lactation.

Adverse effects

Describes the risks that may accompany exces-
sive intake, and signs and symptoms of toxicity.

Interactions

Lists drugs and other nutrients that may interact
with the supplement. This includes drugs that
affect vitamin and mineral status and supple-
ments that influence drug metabolism.

Dose

Gives usual recommended dosage (if estab-
lished).
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Abbreviations

ACE angiotensin-converting enzyme
ADP adenosine 5′-diphosphate
ARMD age-related macular degeneration
ATP adenosine triphosphate
BCAAs branched-chain amino acids
BMD bone mineral density
CHD coronary heart disease
CHF congestive heart failure
CNS central nervous system
COPD chronic obstructive pulmonary

disease
CVD cardiovascular disease
DNA deoxyribonucleic acid
DRI Dietary Reference Intake
DRV Dietary Reference Value
EAR Estimated Average Requirement

HDL high-density lipoprotein
HIV human immunodeficiency virus
HRT hormone replacement therapy
IBS irritable bowel syndrome
LDL low-density lipoprotein
NSAID non-steroidal anti-inflammatory

drug
PMS premenstrual syndrome
PUFAs polyunsaturated fatty acids
RCT randomised controlled trial
RDA Recommended Daily Allowance
RNA ribonucleic acid
RNI Reference Nutrient Intake
SLE systemic lupus erythematosus
VLDL very-low-density lipoprotein
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Aloe vera

Description

Aloe vera is the mucilaginous substance ob-
tained from the central parenchymatous tissues
of the large blade-like leaves of Aloe vera.
It should not be confused with aloes, which
is obtained by evaporating water from the
bitter yellow juice that is drained from the
leaf.

Constituents

Aloe vera contains polysaccharides, tannins,
sterols, saponins, vitamins, minerals, choles-
terol, gamma-linolenic acid and arachidonic
acid. Unlike aloes, aloe vera does not contain
anthraquinone compounds and does not there-
fore exert a laxative action.

Action

Used externally, aloe vera acts as a moisturiser
and reduces inflammation. Internally, it may
act as an anti-inflammatory, hypoglycaemic and
hyperlipidaemic agent. It also has anti-platelet
activity.

Possible uses

Topical
Topical aloe vera has been investigated for its
effects on wound healing and psoriasis, while
oral aloe vera has been investigated in patients
with diabetes mellitus and hyperlipidaemia.

A review in 1987 concluded that topical
application of aloe vera gel reduces acute
inflammation, promotes wound healing, re-
duces pain and exerts an antipruritic effect.1 A

further review in 19992 stated that research had
continued to confirm these benefits.

A double-blind, placebo-controlled study of
60 people with psoriasis of mean duration
8.5 years found that applying aloe vera to skin
lesions three times a day for 8 months led to
significant improvement in 83% of aloe vera
patients but in only 6% of those who used
placebo.3

In rabbits, aloe vera cream was found to
be better than placebo and as effective as oral
pentoxifylline in improving tissue survival after
frostbite.4

In a study of 27 patients, aloe vera gel
healed burns faster than Vaseline gauze,5 and in
rats enhanced wound healing in second-degree
burns.6

However, a recent Cochrane review identi-
fied a single trial of aloe vera supplementation
that suggested delayed wound healing with
aloe vera, but the reviewers concluded that the
results of the trial were not easily interpretable.7

Systemic
A recent systematic review of 10 studies8

showed that oral aloe vera might be useful as
an adjunct for lowering blood glucose concen-
trations in diabetes and for reducing blood lipid
levels in hyperlipidaemia.

There is some evidence that the anti-
inflammatory actions of aloe vera might have
therapeutic potential in inflammatory bowel
disease. An in vitro study found that aloe
vera gel had a dose-dependent inhibitory effect
on the production of reactive oxygen metabo-
lites and eicosanoids in human colorectal
mucosa.9

A randomised controlled study in 44 pa-
tients with ulcerative colitis found that aloe

1
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vera gel 100 ml four times weekly produced
a clinical response more often than placebo,
reducing histological disease activity. The re-
searchers recommended that further evaluation
of aloe vera in inflammatory bowel disease is
needed.10

Conclusion
A huge number of in vitro and animal studies
have examined aloe vera over the past
30 years. However, there have been few
studies in humans, and these have been
poorly controlled.

Topical aloe vera may be helpful in psoria-
sis, but whether it is useful for wound healing
is unclear. There is some – albeit limited –
evidence that oral aloe vera may be useful
for lowering blood glucose in diabetes,
reducing blood lipids in hyperlipidaemia
and it may have therapeutic potential in
inflammatory bowel disease.

Precautions/contraindications

None established, although the potential hypo-
glycaemic effect means that it should be used
with caution in patients with diabetes mellitus.
Preliminary research in rats has suggested that
aloe vera has a hypoglycaemic effect.11

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of aloe vera in pregnancy and breast-
feeding.

Adverse effects

None reported apart from occasional allergic
reactions. However, there are no long-term
studies investigating the safety of aloe vera.

Interactions

Aloe vera has antiplatelet activity and could
theoretically interact with drugs with anti-
platelet effects. A case study in one individual

found a potential interaction between aloe vera
and sevoflurane, in which the woman lost 5 L of
blood during surgery.12

Dose

Aloe vera is available in the form of creams, gels,
tablets, capsules and juice. The International
Aloe Science Council operates a voluntary ap-
proval scheme that gives an official seal (‘IASC –
certified’) on products containing certified raw
ingredients processed according to standard
guidelines.

Used internally, there is no established dose.
Product manufacturers suggest 1/2 to 3/4 cup of
juice or 1 to 2 capsules three times a day. The
juice in the product should ideally contain at
least 98% aloe vera and no aloin.

Used externally, aloe vera should be applied
liberally as needed. The product should contain
at least 20% aloe vera.
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Alpha-lipoic acid

Description

Alpha-lipoic acid is a naturally-occurring
sulphur-containing cofactor. It is synthesised in
humans.

Nomenclature

Alternative names include alpha-lipoate, thioc-
tic acid, lipoic acid, 2-dithiolane-3-pentatonic
acid, and 1,2-dithiolane-3-valeric acid.

Action

Alpha-lipoic acid functions as a potent anti-
oxidant and as a cofactor for various
enzymes (e.g. pyruvate dehydrogenase and
alpha-ketoglutarate dehydrogenase) in energy-
producing metabolic reactions of the Krebs
cycle.

In addition, it appears to improve recycling
of other antioxidant compounds, including vita-
mins C and E,1 coenzyme Q2 and glutathione.3

It may also protect against arsenic,4 cadmium,5

lead6 and mercury7 poisoning.

Dietary sources

Alpha-lipoic acid is present in foods such as
spinach, meat (especially liver) and brewer’s
yeast, but it is difficult to obtain amounts
used in clinical studies (i.e. possibly therapeutic
amounts) from food.

Metabolism

Alpha-lipoic acid is both fat-soluble and water-
soluble, and this facilitates its diffusion into
lipophilic and hydrophilic environments. It is

metabolised to dihydrolipoic acid (DHLA),
which also demonstrates antioxidant proper-
ties.

Possible uses

As a dietary supplement, alpha-lipoic acid is
claimed to improve glucose metabolism and
insulin sensitivity in diabetes, and to reduce
replication of the human immunodeficiency
virus (HIV). It has been investigated for possible
use in patients with diabetes mellitus, glaucoma,
HIV, hypertension and Alzheimer’s disease.

Diabetes mellitus
Alpha-lipoic acid has long been of interest as
a potential therapeutic agent in diabetes, in-
cluding both the microvascular and neuropathic
pathologies. This stems from alpha-lipoic acid’s
metabolic role and also because diabetes results
in chronic oxidative stress. Alpha-lipoic acid
appears to increase muscle cell glucose uptake
and increase insulin sensitivity in individuals
with type 2 diabetes mellitus. In vitro, alpha-
lipoic acid has been found to stimulate glucose
uptake by muscle cells in a manner similar to
insulin.8

In an uncontrolled study, patients with type
2 diabetes given 1000 mg lipoic acid intra-
venously experienced a 50% improvement in
insulin-stimulated glucose uptake.9 In a further
uncontrolled pilot study,10 20 patients with
type 2 diabetes were given 500 mg lipoic acid
intravenously for 10 days. Glucose uptake in-
creased by an average of 30%, but there were
no changes in either fasting blood glucose or
insulin levels.

In a study involving 10 lean and 10 obese
patients with type 2 diabetes,11 alpha-lipoic acid

4
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improved glucose effectiveness and prevented
hyperglycaemia-induced increases in serum lac-
tate and pyruvate. In the lean diabetic patients,
but not the obese patients, alpha-lipoic acid
resulted in improved insulin sensitivity and
lower fasting glucose.

In a placebo-controlled, multicentre pilot
study,12 74 patients with type 2 diabetes were
randomised to receive alpha-lipoic acid 600 mg
once, twice or three times a day, or placebo.
When compared to placebo, significantly more
patients had an increase in insulin-stimulated
glucose disposal. As there was no dose effect, all
three treatment groups were combined into one
active group and compared with placebo. The
increase in insulin-stimulated glucose disposal
was then statistically significant, suggesting that
oral administration of alpha-lipoic acid can
improve insulin sensitivity in patients with type
2 diabetes.

Diabetic neuropathy
Alpha-lipoic acid has been used extensively in
Germany for the treatment of diabetic neuropa-
thy. An in vitro study showed that lipoic acid
reduced lipid peroxidation of nerve tissue.13

A study in rats with diabetes induced by
streptozotocin showed that alpha-lipoic acid
reversed the reduction in glucose uptake that
occurs in diabetes, and that this change was
associated with an improvement in peripheral
nerve function.14

In a randomised, double-blind, placebo-
controlled multicentre trial, 73 patients with
non-insulin-dependent diabetes mellitus were
assigned to receive oral alpha-lipoic acid 800 mg
daily or placebo for 4 months. Of the total,
17 patients dropped out of the study, but
the results suggested that alpha-lipoic acid
might slightly improve cardiac autonomic neu-
ropathy (assessed by measures of heart rate
variability) in non-insulin-dependent diabetic
patients.15

In a randomised, placebo-controlled study
involving 24 patients with type 2 diabetes,16

oral treatment with 600 mg alpha-lipoic acid
three times a day for 3 weeks appeared to
reduce the chief symptoms of diabetic neuropa-
thy. A further placebo-controlled, randomised,
double-blind trial showed that oral alpha-lipoic

acid 600 mg once or twice a day appeared to
have a beneficial effect on nerve conduction in
patients with both type 1 and type 2 diabetes.17

A review18 of the evidence of the effect of
alpha-lipoic acid in the treatment of diabetic
neuropathy concluded that short-term treat-
ment with oral or intravenous alpha-lipoic acid
appears to reduce the chief symptoms of diabetic
neuropathy, but this needs to be confirmed by
larger studies.

A meta-analysis of four trials of alpha-lipoic
acid involving 1258 patients found a benefit
of 16–25% (compared with placebo) in signs
and symptoms of neuropathy (e.g. ankle re-
flexes, pain, burning, numbness, pin-prick and
touch-pressure sensation) after 3 weeks of treat-
ment. This is supported by three more recent
trials, which have also shown favourable results
with alpha-lipoic acid in diabetic neuropathy.19

Three non-blinded trials (one in Korea and
two in Bulgaria) tested alpha-lipoic acid in a
dose of 600 mg daily. In the Korean study,
total symptom score was significantly reduced
at 8 weeks, as were individual symptom scores
for pain, burning sensation, paraesthesia and
numbness.20 In one of the Bulgarian trials, there
was a significant improvement in several aspects
of autonomic function, including postural blood
pressure change and overall cardiovascular
autonomic neuropathy score.21 In the second
Bulgarian study, alpha-lipoic acid was found
to be effective in peripheral and autonomic
diabetic neuropathy and also diabetic mononeu-
ropathy of the cranial nerves, leading to full
recovery of the patients.22

Glaucoma
In a study involving 75 patients with open-angle
glaucoma,23 alpha-lipoic acid was administered
in a dose of either 75 mg daily for 2 months
or 150 mg daily for 1 month. Improvements
in biochemical parameters and visual function
were found, particularly in the group receiving
150 mg lipoic acid.

Human immunodeficiency virus
Alpha-lipoic acid blocks activation of NF-kappa
B, which is required for HIV virus transcription,
and has also been noted to improve anti-
oxidant status, T-helper lymphocytes, and the
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T-helper/suppressor cell ratio in HIV-infected
T-cells.24 However, it is not known whether
supplementation would improve survival in
individuals who are HIV-positive.

Miscellaneous
Results of preliminary studies suggest that
alpha-lipoic acid may lower blood pressure,25

improve the symptoms of burning mouth
syndrome26 and improve T-cell functions in
vitro in advanced stage cancer patients.27 Alpha-
lipoic acid has also been investigated for a
potential role in dementia, but there is only very
limited evidence available.28,29Alpha-lipoic acid
has been investigated for an effect in conditions
such as cancer cachexia, liver disease, ischaemia
reperfusion injury, photoageing of the skin and
cataract. However, there is no convincing data
as yet from human randomised controlled trial
(RCT) data.

Conclusion
There is evidence that alpha-lipoic acid
might have a role in patients with diabetes
mellitus in improving glucose utilisation,
insulin sensitivity and diabetic neuropathy.
Very limited evidence also exists that alpha-
lipoic acid may be helpful in glaucoma, de-
mentia, hypertension and slow replication of
HIV and cancer cells, but evidence of benefit
in all these conditions, including diabetes,
is too limited to make recommendations for
supplementation.

Precautions/contraindications

Alpha-lipoic acid should be used with caution in
patients predisposed to hypoglycaemia, includ-
ing patients taking antidiabetic agents.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of alpha-lipoic acid in pregnancy and
breast-feeding.

Adverse effects

None reported, apart from occasional skin
rashes. Studies investigating the effect of alpha-
lipoic acid have suggested that it is a safe
supplement at reasonable doses. However, there
are no long-term studies assessing the safety of
alpha-lipoic acid.

Interactions

Drugs
Oral hypoglycaemics and insulin: Theoretically,
alpha-lipoic acid could enhance the effects of
these drugs.

Dose

Alpha-lipoic acid is available in the form of
tablets and capsules.

The dose is not established. Studies have used
300–600 mg daily. Dietary supplements provide
50–300 mg daily.
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Antioxidants

Description

Various antioxidant systems have evolved to
offer protection against free radicals and pre-
vent damage to vital biological structures such
as lipid membranes, proteins and DNA. Anti-
oxidant capacity is a concept used to describe
the overall ability of tissues to inhibit processes
mediated by free radicals.1 It is dependent on the
concentrations of individual antioxidants and
the activity of protective enzymes. The most
common and important antioxidant defences
are shown in Table 1.

The antioxidant vitamins can be divided
into those that are water-soluble and exist in
aqueous solution – primarily vitamin C – and
those that are fat-soluble and exist in mem-
branes or lipoproteins – primarily vitamin E.
Lipid membranes are particularly vulnerable to
oxidative breakdown by free radicals. Vitamin
E protects cell membranes from destruction
by undergoing preferential oxidation and
destruction. Carotenoids, such as beta-carotene,
which are found in most dark green, red or
yellow fruits and vegetables and some quinones,
such as ubiquinone (coenzyme Q) also appear
to have antioxidant properties. Flavonoids and
other phenols and polyphenols found in foods
such as green tea, red wine, olive oil, grapes
and many other fruits are also antioxidants.
All these substances can act as free radical
scavengers and can react directly with free
radicals.

Some trace elements act as essential compo-
nents of antioxidant enzymes – copper, mag-
nesium or zinc for superoxide dismutase and
selenium for glutathione peroxidase.

Supplements that are marketed as having
antioxidant activity include:

� vitamin A (usually as beta-carotene), vita-
mins C and E (ACE vitamins, often with
selenium)

� alpha-lipoic acid (see Alpha-lipoic acid)
� carnitine (see Carnitine)
� carotenoids (see Carotenoids)
� coenzyme Q (see Coenzyme Q)
� green tea (see Green tea extract)
� zinc (see Zinc).

Action

Antioxidants are believed to protect against
certain diseases by preventing the deleterious
effects of processes mediated by free radicals in
cell membranes and by reducing the susceptibil-
ity of tissues to oxidative stress.

Free radicals
Each orbital surrounding the nucleus of an atom
is occupied by a pair of electrons. If an orbital
in the outer shell of a molecule loses an electron,
the molecule becomes a free radical. As a result
of the unpaired electron, the molecule becomes
unstable and, therefore, highly reactive. The free
radical may then react with any other nearby
molecule, also converting that molecule to a
free radical which can then initiate another
reaction. Some free radicals are capable of
severely damaging cells.

Theoretically, a single free radical can ulti-
mately cause an endless number of reactions.
This chain reaction is terminated either by the
free radical’s reaction with another free radical,
resulting in the formation of a covalently bound
molecule, or by the free radical’s reaction
with an antioxidant, an antioxidant enzyme, or
both. Fortunately, many enzyme systems have

8
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Table 1 Antioxidant defences

• Intracellular antioxidants
Enzymes

catalase
glutathione peroxidase
superoxide dismutase

• Extracellular antioxidants
Vitamin C
Sulphydryl groups

• Membrane antioxidants
Carotenoids
Ubiquinone
Vitamin E

• Substances essential for synthesis of
antioxidant enzymes
Copper
Manganese
Selenium
Zinc

evolved to provide protection from free radical
production.

Because antioxidant defences are not com-
pletely efficient, increased free radical formation
in the body is likely to increase damage. The
term ‘oxidative stress’ is often used to refer to
this effect. If mild oxidative stress occurs, tissues
often respond by increasing their antioxidant
defences. However, severe oxidative stress can
cause cell injury and cell death.

There is growing evidence that free-radical
damage is involved in the development of
many diseases, such as atherosclerosis, cancer,
Parkinson’s disease and other neurodegenera-
tive disorders, inflammatory bowel disease and
lung disease.

Possible uses

Epidemiological evidence suggests that low
plasma levels of antioxidant nutrients and low
dietary intakes are related to an increased
risk of diseases such as coronary heart disease
(CHD) and cancer. There is also increasing
evidence that these diseases can be prevented
or delayed to some extent by dietary changes,
in particular by increased consumption of fruits

and vegetables. Several substances in fruit and
vegetables (e.g. beta-carotene, vitamin C and
vitamin E) may act to diminish oxidative dam-
age in vivo and, because endogenous anti-
oxidant defences are not completely effective,
dietary antioxidants may be important in di-
minishing the cumulative effects of oxidative
damage in the human body.

A question of particular interest is whether
supplementation of adequately nourished sub-
jects with antioxidant nutrients will reduce the
incidence of such diseases. The few intervention
trials of antioxidants reported so far have shown
little evidence for the value of supplements.
Some have shown harmful effects.

Cardiovascular disease

Epidemiological studies
Experimental studies suggest an inverse asso-
ciation between CHD mortality and vitamins
C, E and beta-carotene, and argue strongly in
favour of a protective role of antioxidants in
the development of atherosclerosis.

In a cross-cultural study of middle-aged
men representing 16 European populations,1

differences in mortality from ischaemic heart
disease were primarily attributable to plasma
levels of vitamin E. Twelve of the 16 populations
had similar blood cholesterol levels and blood
pressure but differed greatly in tocopherol levels
and heart disease death rates. For vitamin E,
mean plasma levels lower than 25 µmol/L were
associated with a high risk of CHD, whereas
plasma levels above this value were associated
with a higher risk of the disease. In the case
of vitamin C, mean plasma levels less than
22.7 µmol/L were found in those regions that
had a moderate to high risk of CHD, whereas
plasma levels in excess of this level tended to be
found in those areas at low risk.

In a large case-control study in Scotland,2

6000 men aged 35–54 were studied for a
possible association between antioxidant status
and risk of angina pectoris. Highly significant
correlations between low plasma concentrations
of beta-carotene, vitamin C, vitamin E and risk
of angina were found.

The Health Professionals Study,3 a large
prospective investigation that looked at 39 910
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US male health professionals aged 40–75,
showed that men who took more than 100 units
of vitamin E daily for over 2 years had a 37%
reduction in risk of heart disease. The Nurses’
Health Study,4 in which 87 245 female nurses
aged 34–59 took part, showed that women who
took more than 200 units of vitamin E daily for
more than 2 years had a 41% reduction in risk
of CHD.

Intervention trials
The first intervention trial published was a
study of 333 male physicians aged between 40
and 84 with angina pectoris and/or coronary
revascularisation, which showed that 50 mg of
beta-carotene on alternate days resulted in a
44% reduction in major coronary events.5

However, another study6 tested aspirin,
vitamin E and beta-carotene in the prevention
of cardiovascular disease (CVD) and cancer
in 39 876 women aged 45 and older. Among
those randomly assigned to receive 50 mg beta-
carotene or a placebo every other day, there
were no statistically significant differences in
incidence of CVD, cancer or overall death rate
after a median of 2 years of treatment and
2 years of follow-up.

In a study of 1862 smoking men aged
50 to 59 [participants in the Finnish Alpha-
Tocopherol, Beta-Carotene Cancer Prevention
(ATBC) Study]7 who were followed for a
median of 5.3 years, dietary supplements of
alpha-tocopherol (50 mg a day), beta-carotene
(20 mg a day), both, or a placebo were given.
There were significantly more deaths from CHD
among those who took beta-carotene supple-
ments, and a non-significant trend towards
more deaths in the vitamin E group. This same
study also found that neither alpha-tocopherol
nor beta-carotene had a preventive effect for
large abdominal aortic aneurysm.8 During the
6-year post-trial follow-up in the ATBC study,
beta-carotene increased the post-trial risk of
first-ever non-fatal myocardial infarction, sug-
gesting that these supplements should not be
used in the prevention of CVD among male
smokers.9

Another large trial involving 20 536 UK
adults aged 40–80 with coronary disease, other
occlusive arterial disease or diabetes, randomly

allocated participants to receive antioxidant
vitamin supplementation (600 mg vitamin E,
250 mg vitamin C and 20 mg beta-carotene
daily) or matching placebo over 5 years. There
were no significant differences in all-cause mor-
tality, or in deaths due to vascular or non-
vascular causes. Nor were there any significant
differences in the number of participants having
non-fatal myocardial infarction or coronary
death, non-fatal or fatal stroke, or coronary
or non-coronary revascularisation. For the first
occurrence of these major vascular events,
there were no material differences overall and
no significant differences in cancer incidence
and hospitalisation for any other non-vascular
disease.10

A double-blind clinical trial11 found that
taking high doses of vitamin C (500 mg twice
a day) and E (700 units twice a day) and
beta-carotene (30 000 units twice a day) did
not reduce the risk of arteries re-clogging after
balloon coronary angioplasty. The patients took
probucol, probucol plus three antioxidants, the
antioxidants alone or placebo. All patients also
received aspirin. After 6 months the rates of
repeated angioplasty were 11% in the probucol
group, 16.2% in the combined treatment group,
24.4% in the multivitamin group and 26.6% in
the placebo group.

A trial in post-menopausal women with
coronary disease found that supplementation
with vitamin E 400 units twice daily and
vitamin C 500 mg twice daily did not retard
atherosclerosis and provided no cardiovascular
benefit.12 Results from the SU.VI.MAX trial
also suggested that a combination of antioxi-
dants (120 mg vitamin C, 30 mg vitamin E, 6 mg
beta-carotene, 100 µg selenium, 20 mg zinc)
over an average of 7.2 years had no beneficial
effects on carotid atherosclerosis and arterial
stiffness13 or risk of hypertension14 in healthy
patients. A further trial in 520 smoking and
non-smoking men and post-menopausal women
(all of whom had serum cholesterol > 5 mmol/L)
found that supplementation with combination
vitamin E and slow-release vitamin C slows
down atherosclerotic progression.15

More recent trials have shown some benefi-
cial effect of antioxidant supplements on certain
aspects of CVD. A Polish trial involving 800
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patients with acute myocardial infarction found
that supplementation with vitamin C 1200 mg
daily and vitamin E 600 mg daily over 30 days
had a positive influence on primary end points
(i.e. in-hospital cardiac mortality, non-fatal new
myocardial infarction) and concluded that a
larger study is warranted to generate further
evidence for this particular regimen.16

An RCT involving 100 patients with asymp-
tomatic or mildly symptomatic moderate aortic
stenosis found that supplementation with
vitamin E (400 units) and vitamin C (1000 mg)
daily had modest anti-inflammatory effect,
although the clinical relevance requires further
clarification.17 A 15-day clinical trial in patients
with early-stage untreated type 2 diabetes mel-
litus or impaired glucose tolerance found that
supplementation with N-acetyl cysteine 600 mg
daily, vitamin E 300 mg daily and vitamin C
250 mg daily reversed unfavourable oxidative
changes occurring after a moderate fat meal and
may therefore have decreased oxidative stress.18

A further trial involving 48 acute ischaemic
stroke patients (evaluated within 12 h of symp-
tom onset) found that compared with placebo
alpha-tocopherol 800 units daily and vitamin C
500 mg daily over 14 days increased antioxidant
capacity, reduced lipid peroxidation products
and may have an anti-inflammatory effect.19

There is some evidence that folate status
could have an influence on the response to
antioxidant supplementation in patients at car-
diovascular risk. One study found that folate
deficiency may amplify the effect of other
risk factors such as elevated homocysteine or
variant methylene tetrahydrofolate reductase
(MTHFR) genotype, as well as influencing
the ability of antioxidant supplementation to
protect against genetic damage.20 A reduction
in systolic blood pressure has been observed
in young healthy men supplemented with both
folic acid (10 mg daily) and antioxidants (vita-
min C 100 mg, vitamin E 800 mg).21 However,
in a further study involving patients in the imme-
diate aftermath of stroke, supplementation with
antioxidant vitamins (vitamin E 800 units and
vitamin C 500 mg daily), or B group vitamins
(5 mg folic acid, 5 mg vitamin B2, 50 mg vitamin
B6, 0.4 mg vitamin B12), both vitamins together
or no supplements found that supplementation

with antioxidant vitamins with or without B-
group vitamins enhances antioxidant capac-
ity, mitigates oxidative damage and may have
an anti-inflammatory effect immediately post-
infarct in stroke.22

The effect of antioxidant supplementation in
CVD has been evaluated in systematic reviews
and meta-analyses. One systematic review as-
sessed whether antioxidants in food or sup-
plements can offer primary prevention against
myocardial infarction or stroke.23 Eight RCTs
were included, six of which tested supplements
of beta-carotene, four tested alpha-tocopherol
and two ascorbic acid. None of the RCTs
showed any benefit of antioxidant supplemen-
tation on CVD. In one study there was a
significantly increased risk for fatal or non-fatal
intracerebral and subarachnoid haemorrhage
in participants taking alpha-tocopherol. The
reviewers concluded that from these RCTs
(which had limitations) antioxidants as food
supplements had no beneficial effects in the
primary prevention of myocardial infarction
and stroke and cannot be recommended for such
purposes.

A meta-analysis that looked at the effect of
antioxidant vitamins on long-term cardiovascu-
lar outcomes included 12 RCTs, of which seven
examined vitamin E and eight beta-carotene.24

Over all the studies there was no statistically
significant difference between vitamin E and
control for all-cause mortality, cardiovascular
mortality or cerebrovascular accident. Beta-
carotene was associated with a slight statisti-
cally significant increase in all-cause mortality
and cardiovascular death compared with con-
trol. The authors concluded that the routine use
of vitamin E cannot be recommended and that
the use of supplements containing beta-carotene
should be actively discouraged.

The US Agency for Healthcare Research and
Quality (AHRQ) commissioned an extensive
report on the efficacy and safety of antioxidant
supplements (vitamins C, E and coenzyme Q10)
for the prevention and treatment of CVD.25

From a review and analysis of the 144 clini-
cal trials the authors identified, the following
conclusions were reached. Firstly, the evidence
does not suggest a benefit of supplements con-
taining vitamin E or vitamin C (either alone
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or in combination) on either CVD or all-cause
mortality, but there was no suggestion of harm.
Secondly, there was no consistent support for
a beneficial effect on fatal or non-fatal myo-
cardial infarction or upon plasma lipid levels.
Evidence on coenzyme Q10 was judged to be
insufficient to reach conclusions on its effects in
CVD.

A pooled analysis of nine cohort studies
evaluated the relationship between the intake
of antioxidant vitamins and CHD risk. Dietary
intake of antioxidants was only weakly related
to CHD risk. However, subjects with a higher
supplemental vitamin C intake had a lower
CHD incidence, while supplemental vitamin
E intake was not significantly associated with
CHD risk.26

In 2004, the American Heart Association
Council on Nutrition, Physical Activity and
Metabolism concluded that antioxidant sup-
plements have little or no proven value for
preventing or treating CVD.27

Cancer

Epidemiological studies
There is now good evidence linking high intake
of fruit and vegetables with lower incidence
of certain cancers, and it is presumed that
the protective nutrients are some or all of the
antioxidant nutrients.

In a study of 25 802 volunteers in Washing-
ton County, Maryland,28 prediagnostic blood
samples from 436 cancer cases at nine cancer
sites were compared with 765 matched control
cases. Serum beta-carotene levels showed a
strong protective association with lung can-
cer, suggestive protective associations with
melanoma and bladder cancer, and a suggestive
but non-protective association with lung cancer.
Serum vitamin E levels showed a protective
association with lung cancer, but none of the
other cancer sites studied showed impressive
associations. Low levels of serum lycopene
(a carotenoid occurring in ripe fruits) were
strongly associated with pancreatic cancer and
less strongly associated with cancer of the
bladder and rectum.

The Basel study from Switzerland29 demon-
strated that patients who had died from all

cancers, including cancer of the bronchus and
stomach, had statistically lower mean carotene
levels compared with a matched group of
healthy survivors.

In a Finnish study,30 individuals with low
serum levels of vitamin E had about a 1.5-fold
risk of cancer compared with those with a higher
serum level of vitamin E. The strength of the
association between serum vitamin E level and
cancer risk varied for different cancer sites and
was strongest for some gastrointestinal cancers
and for the combined group of cancers unrelated
to smoking.

Intervention trials
An intervention trial in Linxian, China,31 pro-
vided some of the earliest clinical data on the
effects of specific vitamin–mineral supplemen-
tation on cancer incidence and disease-specific
mortality. Linxian County has one of the
world’s highest rates of oesophageal and gastric
cancers. Combined daily doses of 15 mg beta-
carotene, 30 mg vitamin E and 50 µg selenium
taken over 5 years were associated with a 13%
reduction in deaths from cancer, and an overall
reduction in mortality of 9%. These results,
although impressive, might have been achieved
because the population studied had low intakes
and were deficient in the nutrients investigated.
A similar study is required in a well-nourished
population.

Not all studies have shown positive results.
The ATBC Study in Finland32 found no reduc-
tion in the incidence of lung cancer among
male smokers after 5 to 8 years of dietary sup-
plementation with vitamin E or beta-carotene;
incidence of lung cancer increased by 18%
and overall death rate by 8% in the group
receiving beta-carotene. However, these results
should be considered in the context of the
population studied – the subjects had smoked
an average of 20 cigarettes a day for 36 years.
Most studies with antioxidants suggest that
their protective properties are associated with
the early stages of cancer and it is likely that
this intervention took place too late in the
carcinogenic process. In addition, the study
could have employed too low a dose (50 mg
vitamin E and/or 20 mg beta-carotene were
used) or was of too short a duration. The excess
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risks of beta-carotene on lung cancer were no
longer evident 46 years after the intervention
had ended.33 More recent data from this study
suggest no association between dietary vitamin
C or E, alpha- or gamma-tocopherol, alpha-
or beta-carotene, lycopene or lutein and risk
for colorectal cancer.34 No overall preventive
effect of long-term supplementation with alpha-
tocopherol or beta-carotene on gastric cancer
was found.35

Another trial,36 which tested a combination
of beta-carotene and vitamin A, was terminated
after 4 years because it appeared that those
taking the supplements and who also smoked
had a 28% higher incidence of lung cancer and
a 17% higher death rate.

In the Nurses’ Health Study,37 large intakes
of vitamin C or E did not protect women from
breast cancer. In contrast, there was a significant
inverse association of vitamin A intake with risk
of this disease. The authors concluded, however,
that vitamin A supplements are unlikely to in-
fluence the risk of breast cancer among women
whose dietary intake of this vitamin is already
adequate.

In the Polyp Prevention Study,38 there was
no evidence that supplements of either beta-
carotene or vitamins C and E reduced the
incidence of colorectal adenomas. Compared
with placebo, alpha-tocopherol supplementa-
tion increased the occurrence of second primary
cancers in head and neck patients.39

A further study found that low-dose antiox-
idant supplementation (over 7.5 years) lowered
total cancer incidence and all-cause mortality in
men, but not in women. The authors suggested
that the effectiveness of supplementation in men
may have been because of their lower baseline
status of certain antioxidants, especially beta-
carotene.40 In a further study, supplemental
beta-carotene intake at a dose of at least 2000 µg
daily was associated with a decreased risk
of prostate cancer in men with low dietary
beta-carotene intake. Among current and recent
smokers, increasing dose (>400 units daily) and
duration (> 10 years) of supplemental vitamin
E use was also associated with reduced prostate
cancer risk.41

AHRQ commissioned a report to investigate
the effectiveness of vitamin E, vitamin C and

coenzyme Q10 in the prevention and treatment
of cancer.42 They found no evidence to sup-
port the beneficial effects of vitamin E and/or
vitamin C in the prevention of new tumours,
the development of colonic polyps or in the
treatment of patients with advanced cancer.42

A systematic review and meta-analysis found
no evidence that antioxidant supplements (beta-
carotene, vitamin A, C and E) can prevent
gastrointestinal cancers, but rather that they
seemed to increase overall mortality. There
was evidence from four of the included trials
that selenium has a beneficial effect on the
incidence of gastrointestinal cancer. However,
good clinical trials are needed to confirm this
benefit.43

Cataract
Antioxidants are also being investigated for
a possible protective effect in cataract. Low
vitamin C intakes have been associated with
increased risk of cataract.44 Increased levels of
supplementary vitamins C and E correlated with
a 50% reduction in the risk of cataracts,45

while the Nurses’ Health Study46 found that
dietary carotenoids, although not necessarily
beta-carotene, and long-term vitamin C supple-
mentation may reduce the risk of cataracts.

The Age-Related Eye Disease Study
(AREDS), an 11-centre trial, evaluated the
effect of a high-dose antioxidant supplement
(vitamin C 500 mg, vitamin E 400 units,
beta-carotene 15 mg) on the development
and progression of age-related lens opacities
and visual acuity loss. Of 4757 participants
enrolled, 4629 who were aged from 55 to 80
had at least one natural lens present and were
followed up for an average of 6.3 years. No
statistically significant effect of the antioxidant
formulation was seen on the development or
progression of age-related lens opacities or
visual acuity loss.47

A further trial – the Roche European Amer-
ican Cataract Trial (REACT) – randomised
445 patients with age-related cataract (in
English and American outpatient settings) to
a mixture of oral antioxidant micronutrients
(beta-carotene 18 mg daily, vitamin C 750 mg
daily and vitamin E 600 mg daily) or placebo
and followed for 2–4 years. After 2 years of
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treatment, there was a small positive treatment
effect in the US group and after 3 years a positive
effect was apparent in both the US and UK
groups. The positive effect in the US group
was even more positive after 3 years, but the
benefit in the UK group did not reach statistical
significance.48

Age-related macular degeneration (ARMD)
Research is being conducted to determine
whether taking supplements or consuming
foods rich in antioxidants can protect against
age-related macular degeneration (ARMD), a
disease in which the central portion of the retina
deteriorates so that only peripheral vision re-
mains. A study following 3654 individuals aged
49 or older found no statistically significant
association between ARMD and dietary intake
of either carotene, zinc or vitamins A or C,
either from diet, supplements or both.49 An
earlier study involving 156 subjects with ARMD
showed that neither serum alpha-tocopherol nor
beta-carotene was significantly associated with
age-related maculopathy.50

In 29 000 smoking males aged 50 to 69
randomly assigned to alpha-tocopherol (50 mg
a day), beta-carotene (20 mg a day), placebo or
both, no beneficial effect of supplementation
on the occurrence of ARMD was found.51

However in a study involving 21 120 male
physicians,52 those who used vitamin E sup-
plements or multivitamins had a possible but
non-significant reduced risk of ARMD, but the
authors concluded that large reductions in the
risk of ARMD were unlikely.

A Cochrane review53 (which included one
study) concluded in 2000 that there was no
evidence to date that people without ARMD
should take antioxidant vitamin and mineral
supplements to prevent or delay the onset of
the disease.

The AREDS (see above) also evaluated the
effect of antioxidants with the addition of
zinc (80 mg daily) and copper (2 mg daily) on
ARMD. All patients had best eye visual acuity
of 20/32 or better in at least one eye. They
had category 2, 3 or 4 disease, meaning that
they had small to intermediate drusen. The
main outcome was progression to advanced
macular degeneration. Antioxidants combined

with zinc were associated with lower rates of
development of advanced ARMD and loss of
visual acuity. Both zinc and antioxidants plus
zinc significantly reduced the odds of developing
advanced ARMD in the higher-risk group. In
conclusion this trial showed that the combina-
tion of antioxidants plus zinc was worth while
in people with extant macular degeneration to
prevent or slow further development to the
advanced form.54 This study did not show
this supplement had benefits at other stages of
ARMD.

A recent Dutch cohort study involving 4170
participants aged 55 or older in a suburb of
Rotterdam found that dietary intake of both
vitamin E and zinc was inversely associated with
incident ARMD. An above median intake of
beta-carotene, vitamin C, vitamin E and zinc
was associated with a 35% reduced risk of
ARMD.55

A Cochrane review including eight trials
concluded that evidence for the effectiveness
of antioxidant vitamin and mineral supple-
mentation in halting progression of ARMD
comes mainly from the AREDS. However, it
also concluded that the generalisability of these
findings to other populations is unknown and
further large trials are required.56

Pre-eclampsia
Antioxidants have also been evaluated for pos-
sible prevention of pre-eclampsia, with mixed
results.57–59 A Cochrane review of seven (mostly
poor quality) trials found that antioxidant
supplementation seems to reduce the risk of
pre-eclampsia, with a reduction in risk of
having a small-for-dates baby associated with
antioxidants, although there is an increase in
the risk of pre-term birth. Several large trials
are ongoing and the results of these are needed
before antioxidants can be recommended for
clinical practice.60

Physical exercise
Intense physical exercise has been associated
with an increase in free radical production
and an increase in oxidative stress. Antioxidant
supplements have been evaluated for an effect
on exercise stress. Supplementation has been
associated with a decrease in oxidative stress
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markers in basketball players,61 an increase
in antioxidant enzymes in athletes,62 enhance-
ment in neutrophil oxidative burst in trained
runners,63 prevention of decreases in serum iron
in endurance athletes,64 prevention of exercise-
induced lipid peroxidation in ultra-marathon
runners,65 but not prevention of muscle damage
in response to an ultra-marathon run.66

Miscellaneous
Antioxidant supplements have been investigated
for a wide range of other conditions. Current
research interests include asthma, lung function
and critical illness in hospital. However, good
clinical trials have not yet been conducted in
these areas.

Adverse effects

Antioxidants are considered to be largely
safe in low doses. However, routine use of
combinations of antioxidants exceeding the
Recommended Daily Allowance (RDA) should
not be recommended for long-term use. One
study has found that antioxidants (vitamins E
and C, beta-carotene and selenium) could block
the favourable effects of statins combined with

Conclusion
Biochemical evidence suggests that oxida-
tive stress caused by accumulation of free
radicals is involved in the pathogenesis
of several diseases. Appropriate levels of
antioxidant nutrients might therefore be ex-
pected to delay or prevent these diseases.
Several epidemiological studies have found
lower serum levels of antioxidant nutrients
in patients with CVD, cancer and cataract,
but there is no good evidence that sup-
plements of antioxidant nutrients prevent
CVD or cancer. Evidence suggests that some
may cause harm and increase mortality.
Further intervention trials are needed. In the
meantime, the best advice to give is to eat
plenty of fruit and vegetables (five or more
servings a day). An antioxidant combination
has been found to delay progression of
ARMD.

niacin (a drug combination used in the USA).
This interaction could have implications for the
management of CVD.67

Interactions

None reported.
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Bee pollen

Description

Bee pollen consists of flower pollen and nectar
from male seed flowers. It is collected by the
worker honey bee, mixed with secretions from
the bee such as saliva, which contains digestive
enzymes, and is then carried back to the beehive
on the hind legs of the bee. The pollen is
harvested at the entrance to the beehive as
bees travel through the wire mesh brushing
their legs against a collecting vessel. Commercial
quantities of pollen can also be collected directly
from the flowers.

Constituents

Bee pollen consists of protein, carbohydrates,
minerals, and essential fatty acids such as alpha-
linolenic acid and linoleic acids. It also con-
tains small amounts of B vitamins, vitamin C,
flavonoids and various amino acids, hormones,
enzymes and coenzymes. In nutritional terms the
amounts of vitamins and minerals are too small
to be significant.

Action

Bee pollen may have antioxidant and anti-
inflammatory activity.

Possible uses

Bee pollen has been claimed to be useful for im-
proving prostatitis and benign prostatic hyper-
trophy, although all the studies conducted so far
have been uncontrolled and none published in
English. Bee pollen has also been claimed to be
beneficial in reducing the risk of atherosclerosis,

hypertension and varicose veins, but there are
no clinical studies to support these claims.

Two double-blind, placebo-controlled trials
in humans have investigated the effects of bee
pollen in cross-country runners,1 and in elderly
patients with memory deterioration.2 However,
there were no improvements in running speed
or memory function in these two studies.

Precautions/contraindications

Bee pollen is contraindicated in people with a
known history of atopy or allergy to pollen or
plant products because of the risk of hypersen-
sitivity.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of bee pollen in pregnancy and breast-
feeding.

Adverse effects

Bee pollen may cause allergic reactions, includ-
ing nausea, vomiting and anaphylaxis. One 19-
year-old man with asthma had a fatal reaction
to bee pollen.3 Anecdotally, bee pollen has been
shown to promote hyperglycaemia in diabetes.

Interactions

None reported.

Dose

Bee pollen is available in the form of capsules
and powder.

The dose is not established. Product manu-
facturers tend to recommend doses of
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500–1500 mg daily from capsules or 1/2–1 tea-
spoon of the powder.
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Betaine

Description

Betaine is a cofactor in various methylation
reactions.

Action

Betaine works with choline, vitamin B12, and
also S-adenosyl methionine (SAMe), a derivative
of the amino acid methionine, from which
homocysteine is synthesised. It reduces homo-
cysteine levels by remethylating homocysteine
to produce methionine.

Possible uses

As a supplement, betaine is available in the form
of the hydrochloride and as such contains 23%
hydrochloric acid. It has been used as a digestive
aid to treat people with achlorhydria and to
reduce high levels of homocysteine. Whether it
can reduce near normal levels of homocysteine
is open to question.

Betaine has been reported to play a role
in reducing plasma homocysteine levels, which
may reduce the risk of heart disease. A study in
15 healthy men and women aged 18–35 years
showed that betaine 6 g daily for 3 weeks
reduced plasma homocysteine concentration
after 2 weeks by 0.9 µmol/L and after 3 weeks
by 0.6 µmol/L.1 However, the extent of the
decrease was much smaller than that in patients
with homocystinuria2 and appears to be smaller
than that established by interventions with folic
acid.3 An RCT in 42 obese subjects4 found that
betaine supplementation (6 g daily for 12 weeks)
decreased plasma homocysteine concentration
by 8.76 ± 1.63 µmol/L at the start of the study
and 7.93 ± 1.52 µmol/L at the end of the study.

However, there is insufficient evidence to rec-
ommend betaine supplements for the prevention
of CHD.

Precautions/contraindications

Betaine should be avoided in patients with
peptic ulcer.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of betaine in pregnancy and breast-
feeding.

Adverse effects

Betaine may cause gastrointestinal irritation.

Interactions

None reported.

Dose

Betaine is available in the form of tablets and
capsules.

The dose is not established. Dietary supple-
ments provide 250–500 mg in each dose.
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Biotin

Description

Biotin is a water-soluble vitamin and a member
of the vitamin B complex.

Nomenclature

Biotin was formerly known as vitamin H or
coenzyme R.

Human requirements

See Table 1 for Dietary Reference Values for
biotin.

Dietary intake

In the UK, the average dietary intake in adult
women is 28 µg daily and in adult men is
39 µg daily. Biotin is also produced by colonic
bacteria, but the effect of this on biotin require-
ments is not known.

Action

Biotin functions as an integral part of the
enzymes that transport carboxyl units and fix
carbon dioxide. Biotin enzymes are important
in carbohydrate and lipid metabolism, and are
involved in gluconeogenesis, fatty acid synthe-
sis, propionate metabolism and the catabolism
of amino acids.

Dietary sources

Biotin is ubiquitous in the diet. The richest
sources of biotin are liver, kidney, eggs, soya
beans and peanuts. Meat, wholegrain cereals,
wholemeal bread, milk and cheese are also good

Table 1 Dietary Reference Values for biotin
(µg/day)

EU RDA = 150 µg

Age UK safe UK USA FAO/
intake EVM AI WHO

RNI

Males and females
0–6 months 5 5
7–12 months 6 6
1–3 years 8 8
4–6 years – 12
4–8 years 12 –
7–9 years – 20
9–13 years 20 –
10–18 years – 25
14–18 years 25 –
19–50 years 30 45
51+ years 30 45
11–50+ years 10–20 970 – –
Pregnancy 30 30
Lactation 35 35

AI = adequate intake

EVM = likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level (not determined for biotin).

sources. Green vegetables contain very little
biotin.

Metabolism

Absorption
Biotin is absorbed rapidly from the gastro-
intestinal tract by facilitated transport (at low
concentrations) and by passive diffusion (at high
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concentrations). Absorption is greater in the
jejunum than the ileum and minimal in the
colon.

Distribution
Biotin is bound to plasma proteins.

Elimination
Excess biotin is excreted largely unchanged in
the urine. It also appears in breast milk.

Deficiency

Biotin deficiency is a risk only in those patients
on prolonged parenteral nutrition (who will
automatically be given multivitamin supple-
ments). Deficiency has been induced by the
ingestion of large amounts of raw egg white,
which contain the biotin-binding protein,
avidin, to a diet low in biotin.1 Marginal biotin
deficiency may also occur in pregnancy.2

Symptoms of biotin deficiency include
anorexia, nausea, vomiting, dry scaly dermati-
tis, glossitis, loss of taste, somnolence, panic
and an increase in serum cholesterol and bile
pigments.

Possible uses

Biotin has been claimed to be of value in the
treatment of brittle finger nails, acne, sebor-
rhoeic dermatitis, hair fragility and alopecia,
but such claims need further confirmation by
controlled clinical trials.

A trial of biotin (2.5 mg four times daily)
in women with brittle nails found a 25%
increase in nail thickness, as assessed by electron
microscopy.3

Biotin deficiency has been associated with
sudden infant death syndrome (SIDS). In one
study, the median biotin levels in the livers
of infants who died from SIDS were signifi-
cantly lower than those of infants who died
from explicable causes.4 However, evidence that
biotin deficiency is an important contributory
factor in SIDS is circumstantial and there is
no unequivocal proof. There is no requirement
for biotin supplements in newborn or young
infants. Supplements should not be sold to
parents for this purpose.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

None reported.

Interactions

Drugs
Anticonvulsants (carbamazepine, phenobarbi-
tone, phenytoin and primidone): requirements
for biotin may be increased.

Dose

Biotin is available in the form of tablets and
capsules. However, it is available mainly in
multivitamin preparations.

The dose is not established. Dietary supple-
ments provide 100–300 µg daily.

Upper safety levels

The UK Expert Group on Vitamins and Min-
erals (EVM) has identified a likely safe total
daily intake of biotin from supplements alone
of 970 µg.
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Boron

Description

Boron is an ultratrace mineral.

Human requirements

Boron is essential in plants and some animals,
and evidence of essentiality is accumulating in
humans; however requirements have not so
far been defined. The Food Standards Agency
Expert Vitamins and Minerals (EVM) group set
a safe upper level from supplements alone of
5.9 mg daily.

Dietary intake

Most UK diets appear to provide about 2 mg
daily.

Action

Boron appears to be important in calcium
metabolism, and can affect the composition,
structure and strength of bone. It may also
influence the metabolism of calcium, copper,
magnesium, phosphorus, potassium and vita-
min D. In addition, boron affects the activity of
certain enzymes. It also affects brain function;
boron deprivation appears to depress mental
alertness.

Dietary sources

Foods of plant origin, especially non-citrus
fruits, leafy vegetables and nuts, are rich sources
of boron, but there is little in meat, fish and
poultry. Beer, wine and cider contain significant
amounts.

Metabolism

Absorption
Dietary boron is rapidly absorbed. The mech-
anism of absorption from the gastrointestinal
tract has not been elucidated.

Distribution
Boron is distributed throughout the body tis-
sues; the highest concentrations are found in the
bone, teeth, fingernails, spleen and thyroid.

Elimination
Boron is excreted mainly in the urine.

Deficiency

No precise signs and symptoms of boron defi-
ciency have been defined.

Possible uses

Boron has been claimed to prevent osteoporosis
and to both prevent and relieve the symptoms
of osteoarthritis, as well as to improve memory.

Bone
In a study of 12 post-menopausal women,1

boron supplementation (3 mg daily) reduced
urinary excretions of calcium and magnesium,
and elevated serum concentrations of oestradiol
and ionised calcium.

A further study2 has provided evidence that
boron can both enhance and mimic some ef-
fects of oestrogen ingestion in post-menopausal
women. In women receiving oestrogen therapy,
an increase in boron intake increased serum
oestradiol concentrations to higher levels than
when boron intake was low. However, there
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is no evidence that boron supplements can
relieve the symptoms of the menopause. The
effects seen in this study did not occur in men
or in women not receiving oestrogen therapy.
However, another study3 in men found that
supplementation with boron (10 mg a day) sig-
nificantly increased oestradiol concentrations,
and there was also a trend for plasma testos-
terone to increase. These findings support the
contention that, if oestrogen is beneficial to
calcium metabolism, then boron might also be
beneficial.

However, another study4 in post-
menopausal women showed that 3 mg boron
daily had no effect on bone mineral absorption
and excretion, plasma sex steroid levels and
urinary excretion of pyridinium crosslink
markers of bone turnover. Moreover, in this
study a low-boron diet appeared to induce
hyperabsorption of calcium because positive
calcium balances were found in combination
with elevated urinary calcium excretion. The
authors concluded that this phenomenon may
have inhibited or obscured any effect of boron
supplementation.

Arthritis
Boron has been claimed to relieve the symp-
toms of arthritis, but evidence is very weak.
Epidemiological studies suggest that incidence
of arthritis is higher in areas of the world where
boron intake is low, and subjects with arthritis
have been found to have lower bone boron
concentrations.5 One double-blind controlled
(but not randomised) trial in 20 patients with
osteoarthritis found that boron (6 mg daily)
improved symptoms in five out of 10 subjects in
the treated group, and one out of 10 subjects in
the placebo group. However, statistical analysis
was not performed because of the small number
of subjects.6

Brain function
Three placebo-controlled, double-blind ran-
domised trials in 28 healthy adults showed
that low dietary boron (0.25 mg/2000 kcals)
was associated with poorer performance of a
variety of cognitive and psychomotor tasks and

also depression of mental alertness than higher
intake (3.25 mg/2000 kcals).7

Conclusion
There is preliminary evidence that boron
has beneficial effects on calcium metabolism
in post-menopausal women by preventing
calcium loss and bone demineralisation, but
no evidence that it can prevent or be of
benefit in treating osteoarthritis. There is
some evidence that diets low in boron impair
cognitive function.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of boron in pregnancy and breast-
feeding. However, supplements are probably
best avoided because of possible changes in
oestrogen metabolism.

Adverse effects

Boron is relatively non-toxic when administered
orally at doses contained in food supplements.
High oral doses (> 100 mg daily) are associated
with disturbances in appetite and digestion,
nausea, vomiting, diarrhoea, dermatitis and
lethargy.

Toxicity has occurred, especially in children,
from the application of boron-containing dust-
ing powders and lotions (in the form of borax or
boric acid) to areas of broken skin and mucous
membranes. Such preparations are no longer
recommended.

Interactions

Nutrients
Riboflavin: large doses of boron may increase
excretion of riboflavin.
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Magnesium: boron supplementation may re-
duce urinary magnesium excretion and increase
serum magnesium concentrations.

Dose

Boron is available in the form of tablets and
capsules.

The dose is not established. Dietary supple-
ments provide, on average, 3 mg per daily dose.

Upper safety levels

The UK Expert Group on Vitamins and Min-
erals (EVM) has identified a safe total intake
of boron for adults from supplements alone of
5.9 mg daily.

The US Tolerable Upper Intake Level (UL)
for boron, the highest total amount from diet
and supplements unlikely to pose no risk for
most people, is 20 mg daily for adults; 17 mg
daily for youngsters aged 14–18; 11 mg daily for
youngsters aged 9–13; 6 mg daily for children
aged 4–8; and 3 mg daily for children aged 1–3.
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Branched-chain amino acids

Description

Branched-chain amino acids (BCAAs) are a
group of essential amino acids. They are all
found in the muscle, accounting for one-third
of all amino acids in muscle protein.

Constituents

l-leucine, l-isoleucine, l-valine.

Action

As with all amino acids, the primary function
of BCAAs is as precursors for the synthesis
of proteins. In addition, they may be broken
down if necessary to serve as an energy source.
They may be used directly by skeletal muscle,
as opposed to other amino acids which require
prior gluconeogenesis in the liver to produce a
useful energy source. Muscle tissue appears to
demonstrate an increased need for these amino
acids during times of intense physical exercise,
and there is some evidence that serum BCAA
levels fall during exercise.

In addition, because BCAAs are not readily
degraded by the liver, they circulate in the blood
and compete with the amino acid tryptophan
for uptake into the brain. Tryptophan is a
precursor of serotonin (5-hydroxytryptamine),
which may produce symptoms of fatigue. It
appears that exercise increases the ratio of
free tryptophan:BCAA, thus raising serotonin
levels in the brain. Some researchers think
that supplementation with BCAAs will re-
duce this ratio and raise serum levels of
BCAAs, so improving mental and physical
performance.

Possible uses

Exercise performance
Researchers have been interested in the potential
role of BCAAs in exercise and whether they can
improve performance.

A placebo-controlled (not blinded) study
involving 193 experienced runners given 16 g
BCAAs or placebo showed that running perfor-
mance was improved in the slow runners but not
the fast runners with BCAAs. A second part of
the study showed that 7.5 g BCAAs improved
mental performance during exercise compared
with placebo, but the study has been criticised
for lack of dietary control and poor choice of
performance measures.1

Another placebo-controlled, but in this case
double-blind, study in 16 subjects, partici-
pating in a 21-day trek at a mean altitude
of 3255 m found that supplementation with
BCAAs (11.52 g) improved indices of muscle
loss and concluded that BCAAs could prevent
muscle loss during chronic hypoxia of high
altitude.2

In a double-blind, placebo-controlled study,
10 endurance-trained male athletes were studied
during cycle exercise while ingesting in ran-
dom order drinks containing sucrose, sucrose
plus tryptophan, sucrose plus BCAAs (6 g) or
sucrose plus BCAAs (18 g). There were no
differences between the treatment groups in
time to exhaustion, suggesting that BCAAs did
not improve exercise performance. However,
BCAAs reduced brain tryptophan uptake and
significantly increased plasma ammonia levels
compared to the control group.3

In a double-blind, placebo-controlled, ran-
domised, crossover study, nine well-trained
male cyclists performed three laboratory trials
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consisting of 100 km cycling after ingesting
either glucose, glucose plus BCAA, or placebo.
Neither the glucose nor the BCAAs enhanced
performance in these cyclists.4

In a further study of seven well-trained male
cyclists, perceived exhaustion was 7% lower
and ratings of mental fatigue were 15% lower
than when they were given placebo, but there
was no difference in physical performance.
However, the ratio of tryptophan:BCAA, which
increased during exercise, remained unchanged
or decreased when BCAAs were ingested.5

In a double-blind, placebo-controlled trial,
six women and seven women participated in a
cycle trial in the heat. Cycle time to exhaustion
increased with BCAAs, indicating that BCAA
supplementation prolongs moderate exercise
performance in the heat.6

In a further double-blind, placebo-controlled
trial, eight subjects performed three exercise
trials and were given either carbohydrate drinks,
carbohydrate plus BCAAs (7 g) or placebo
1 hour before and then during exercise. Subjects
ran longer with both carbohydrate and carbohy-
drate plus BCAAs, but there were no differences
between the carbohydrate and carbohydrate
and BCAA groups, indicating that BCAAs are
of no added benefit in exercise.7

Other studies have suggested that BCAAs
could prevent or decrease the net rate of protein
degradation seen in heavy exercise,8,9 while
others have not.10 One study indicated that
BCAAs might have a sparing effect on muscle
glycogen degradation during exercise.11 There is
also some evidence that BCAAs can alter mood
and cognitive performance during exercise.12

Miscellaneous
BCAAs can activate glutamate dehydrogenase,
an enzyme deficient in amyotrophic lateral scle-
rosis (ALS). In one double-blind, randomised,
placebo-controlled trial of BCAA, supplements
helped maintenance of muscle strength and
continued ability to walk in such patients.13

However, a larger study was ended early when
BCAAs not only failed to cause benefit, but
also led to excess mortality.14 BCAAs have also
been investigated for potential value in anorexia
and cachexia. A review concluded that they
could exert significant anti-anorectic and anti-

cachectic effects and that their supplementation
may represent a viable intervention for patients
suffering from chronic disease such as cancer,
chronic renal failure and liver cirrhosis and for
patients at risk of muscle wasting due to age,
immobility or bed rest.15

Conclusion
Evidence from well-controlled trials shows no
benefit of BCAAs in exercise performance.
Benefit has been shown mainly in poorly
controlled trials.

Precautions/contraindications

No problems have been reported, but BCAAs
should probably not be used in hepatic and renal
impairment without medical supervision. How-
ever, BCAAs are used occasionally in patients
with these conditions but in a medical setting.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of BCAAs in pregnancy and breast-
feeding.

Adverse effects

None reported, but there are no long-term stud-
ies assessing the safety of BCAAs. Large doses of
BCAAs (> 20 g) may increase plasma ammonia
levels and may impair water absorption, causing
gastrointestinal discomfort.

Interactions

None reported. BCAAs compete with aromatic
amino acids (e.g. phenylalanine, tyrosine, tryp-
tophan) for transport into the brain.

Dose

BCAAs are available in tablet and powder form.
The dose is not established. Dietary supple-

ments provide 7–20 g per dose.
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Brewer’s yeast

Description

Brewer’s yeast is Saccharomyces cerevisiae.

Constituents

The average nutrient composition of dried
brewer’s yeast is shown in Table 1.

Possible uses

Brewer’s yeast is a useful source of B vitamins
and several minerals (see Table 1).

Brewer’s yeast has been used to treat diar-
rhoea caused by Clostridium difficile.1 A review
concluded that it appears successful in many
cases, but it is unclear whether it acts as a
probiotic or as a source of B vitamins.2 Because
brewer’s yeast contains chromium it has been
claimed to help in the control of blood glucose
levels. It is also claimed to prevent hyper-
cholesterolaemia. However, there is insufficient
evidence for these claims.

Conclusion
Brewer’s yeast has a suggested value in
controlling blood glucose levels, preventing
hypercholesterolaemia and controlling diar-
rhoea caused by Clostridium difficile. Little
evidence is available to support its efficacy
in all but the last of these conditions.

Precautions/contraindications

Brewer’s yeast should be avoided by pa-
tients taking monoamine oxidase inhibitors (see
Interactions). It is also best avoided by patients
with gout; this is because of high concentrations

Table 1 Average nutrient composition of dried
brewer’s yeast

Nutrient Per % RNI1
teaspoon 8 g (approx.)

Vitamin A Trace –
Thiamine (mg) 1.2 133
Riboflavin (mg) 0.4 33
Niacin (mg) 2.0 14
Vitamin B6 (mg) 0.2 16
Folic acid (µg) 320 160
Pantothenic acid (mg) 0.9 –
Biotin (µg) 16 –
Vitamin C Trace –
Calcium (mg) 6 0.9
Magnesium (mg) 18 6
Potassium (mg) 160 4.5
Phosphorus (mg) 103 19
Iron (mg) 1.6 13
Zinc (mg) 0.6 7
Copper (mg) 0.4 33
Chromium (µg)
Selenium (µg)

1 Reference Nutrient Intake for men aged 19–50 years.

Note: Brewer’s yeast tablets contain approximately 300 mg brewer’s

yeast per tablet; extra B vitamins are often added.

of nucleic acids, which may lead to purine
formation.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

None reported except flatulence.
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Interactions

Drugs
Monoamine oxidase inhibitors: may provoke
hypertensive crisis.

Dose

Brewer’s yeast is available in the form of tablets
and powder.

The dose is not established.
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Bromelain

Description

Bromelain is the name for the protease
enzymes extracted from the stem and fruit of
fresh pineapple. The commercial supplement
is usually obtained only from the stem of the
pineapple, which contains a higher concentra-
tion of the enzymes than the fruit.

Constituents

Bromelains are sulphydryl proteolytic en-
zymes, including several proteases. In addi-
tion, bromelain also contains small amounts of
non-proteolytic enzymes (including acid phos-
phatase, peroxidase and cellulase), polypeptide
protease inhibitors and organically bound
calcium.

Action

Bromelain is an anti-inflammatory agent and
is thought to act through direct or indirect
effects on inflammatory mediators. It in-
hibits the enzyme thromboxane synthetase,
which converts prostaglandin H2 into pro-
inflammatory prostaglandins and thrombox-
anes. Bromelain also stimulates the breakdown
of fibrin, which stimulates pro-inflammatory
prostaglandins responsible for fluid retention
and clot formation. It also appears to promote
the conversion of plasminogen to plasmin,
causing an increase in fibrinolysis.

Possible uses

Various claims are made for the value of
bromelain supplementation, but much of the
research underpinning these claims was carried
out in the 1960s and 1970s, and there are very
few well-controlled human studies.

Bromelain has been associated with improve-
ment in symptoms of sinusitis, acceleration
of wound healing, potentiation of antibiotic
action, healing of gastric ulcers, treatment of
inflammation and soft tissue injuries, reduction
in severity of angina, reduction in sputum
production in patients with chronic bronchitis
and pneumonia and decrease in symptoms of
thrombophlebitis.1

Sinusitis
Two double-blind, placebo-controlled studies
showed that bromelain 160 mg (400 000 units)
could reduce some symptoms of sinusitis.2,3

However, headache was not improved in either
study.

Musculoskeletal injuries
In a double-blind, placebo-controlled trial,4 146
boxers with bruises to the face and haematomas
to the eyes, lips, ears, arms and chest received
either 160 mg bromelain daily or placebo for
14 days. At day 4, 78% of the bromelain-treated
group were completely cured of their bruises
compared with 15% of the placebo group.
However, this result was not tested for statistical
significance. A randomised, double-blind trial in
40 subjects with muscle soreness as a result of
exercise compared the outcomes with ingestion
of either ibuprofen or bromelain. There was no
difference between treatments.5

Arthritis
There is preliminary clinical evidence that the
anti-inflammatory and analgesic properties of
bromelain help to reduce symptoms of osteo-
and rheumatoid arthritis. In a controlled trial
involving 77 subjects suffering from mild knee
pain, ingestion of bromelain (200 and 400 mg)
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resulted in improvements in total symptoms,
stiffness and physical function in a dose-
dependent manner. The authors concluded that
double-blind, placebo-controlled studies are
now warranted to confirm these results.6

Surgical procedures
Bromelain has been reported in at least two
studies7,8 to reduce the degree and duration
of swelling and oral pain with oral surgery.
However, one study was not controlled and the
other had no statistical analysis.

Antibacterial
Bromelain could be useful as an anti-diarrhoeal
agent. In an in vitro study,9 bromelain was
shown to prevent intestinal fluid secretion
mediated by Escherichia coli and Vibrio
cholerae, and in other studies10,11 to protect
piglets from diarrhoea. However, there are no
human studies to date.

Cardiovascular disease
Bromelain has been reported to reduce the
severity of angina,12 and several in vitro
studies13,14 have demonstrated that bromelain
reduces platelet aggregation.

Ulcerative colitis
A letter from two US consultants15 stated that
two patients with ulcerative colitis achieved
complete clinical and endoscopic remission after
initiation of therapy with bromelain.

Cystitis
One double-blind study in humans revealed
that bromelain was effective in treating non-
infectious cystitis.16

Conclusion
Many claims have been made for brome-
lain, based largely on studies conducted
in the 1960s and 1970s. Many of the
published trials are uncontrolled human
studies or animal or in vitro studies, and
well-controlled clinical trials are required to
establish the role of bromelain as a potential
supplement.

Precautions/contraindications

No problems have been reported, but based
on the potential pharmacological activity of
bromelain, i.e. that it may inhibit platelet
aggregation, bromelain should be used with
caution in patients with a history of bleeding
or haemostatic disorders.

Pregnancy and breast-feeding

No problems have been reported, but there have
been insufficient studies to guarantee the safety
of bromelain in pregnancy and breast-feeding.

Adverse effects

None reported, but there are no long-term
studies assessing the safety of bromelain.

Interactions

Drugs
None reported, but theoretically, bleeding ten-
dency may be increased with anticoagulants,
aspirin and antiplatelet drugs.

Dose

Bromelain is available in the form of tablets,
capsules and powders. A variety of designations
have been used to indicate the activity of brome-
lain. These include rorer units (ru), gelatine-
dissolving units (gdu) and milk clotting units
(mcu). One gram of bromelain standardised
to 2000 mcu would be approximately equal to
1 gram with 1200 gdu of activity or 8 g with
100 000 ru activity.1

The dose is not established. Dietary supple-
ments provide 125–500 mg in a dose.
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Calcium

Description

Calcium is an essential mineral.

Human requirements

Dietary Reference Values for calcium are shown
in Table 1.

Dietary intake

In the UK, the average diet provides: for men,
1007 mg daily; women, 774 mg daily.

Action

Calcium has a structural role in bones and teeth.
Some 99% of calcium is found in the skeleton.
Bone density increases during the first three
decades of life, reaching its peak about the age
of 30. After this age, bone density declines, and
the decline increases more rapidly in women
after the menopause. However, bone density
also declines in older men. Calcium is also
essential for cellular structure, blood clotting,
muscle contraction, nerve transmission, enzyme
activation and hormone function.

Dietary sources

Dietary sources of calcium are shown in
Table 2.

Metabolism

Absorption
Calcium is absorbed in the duodenum, jejunum
and ileum by an active saturable process that in-
volves vitamin D. At high intakes, some calcium

is absorbed by passive diffusion (independent of
vitamin D). It can also be absorbed from the
colon.

Distribution
More than 99% of the body’s calcium is stored
in the bones and teeth. The physiologically
active form of calcium is the ionised form (in
the blood). Blood calcium levels are controlled
homeostatically by parathyroid hormone, cal-
citonin and vitamin D and a range of other
hormones.

Elimination
Excretion of calcium occurs in the urine,
although a large amount is reabsorbed in the
kidney tubules, the amount excreted varying
with the quantity of calcium absorbed and the
degree of bone loss. Elimination of unabsorbed
and endogenously secreted calcium occurs in the
faeces. Calcium is also lost in the sweat and is
excreted in breast milk.

Bioavailability

Bioavailability is dependent to some extent
on vitamin D status. Absorption is reduced
by phytates (present in bran and high-fibre
cereals), but high-fibre diets at currently rec-
ommended levels of intake do not signifi-
cantly affect calcium absorption in the long
term. Absorption is reduced by oxalic acid
(present in cauliflower, spinach and rhubarb).
High sodium intake may reduce calcium
retention.

The efficiency of absorption is increased
during periods of high physiological
requirement (e.g. in childhood, adolescence,

36
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Table 1 Dietary Reference Values for calcium (mg/day)

EU RDA = 800 mg

Age UK USA
WHO

LNRI EAR RNI EVM AI TUL RNI

0–6 months 240 400 525 210 – 3002

7–12 months 240 400 525 270 – 400
1–3 years 200 275 350 500 2500 500
4–6 years 275 350 450 – – 600
4–8 years – – – 800 2500 –
7–10 years 325 425 550 800 – 700a

9–18 years – – – 1300 2500 –

Males
11–14 years 450 750 1000 – – 1300b

15–18 years 450 750 1000 – – 1300
19–24 years 400 525 700 1500 – 2500 1000
25–50 years 400 525 700 1500 1000 2500 1000
50+ years 400 525 700 1500 1200 2500 10003

Females
11–14 years 480 625 800 – – 1300b

15–18 years 480 625 800 – – 1300
19–50 years 400 525 700 1500 1000 2500 1000
50+ years 400 525 700 1500 1200 2500 1300
Pregnancy ∗ ∗ ∗ 10001 2500 12004

Lactation +550 10001 2500 1000

* No increment.
a 7–9 years. b 10–14 years.
1 ≤18 years, 1300 mg. 2 400 mg for cows’ milk feed. 3 1300 mg for men > 65 years. 4 third trimester.

AI = Adequate Intake.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Note: The National Osteoporosis Society has produced separate guidelines for recommended daily calcium intake as follows: 7–12 years, 800 mg;

13–19 years, 1000 mg; men 20–45 years, 1000 mg; men >45 years, 1500 mg; women 20–45 years, 1000 mg; women >45 years, 1500 mg;

women > 45 years (using HRT), 1000 mg; pregnant and breast-feeding women, 1200 mg; pregnant and breast-feeding teenagers, 1500 mg.

pregnancy and breast-feeding) and impaired in
the elderly.

Deficiency

Simple calcium deficiency is not a recognised
clinical disorder. However, low dietary intake
during adolescence and young adulthood may
reduce peak bone mass and bone mineral con-
tent and increase the risk of osteoporosis in later
life.

However, requirements may be increased
and/or and supplements may be necessary in:

� children, adolescents, pre- and post-meno-
pausal women

� pregnant and breast-feeding women
� vegans and others who avoid milk and milk

products; and
� those with lactose intolerance (because of

avoidance of milk and milk products).
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Table 2 Dietary sources of calcium

Calcium
Food portion content (mg)

Cereal products
Bread, brown, 2 slices 70

white, 2 slices 70
wholemeal, 2 slices 35
1 chapati 20

Milk and dairy products
1/2 pint (280 ml) milk, whole, 350

semi-skimmed or skimmed
1/2 pint (280 ml) soya milk 50
1 pot yoghurt, plain (150 g) 300

fruit (150 g) 250
Cheese, Brie (50 g) 270

Camembert (50 g) 175
Cheddar (50 g) 360
Cheddar, reduced fat (50 g) 420
Cottage cheese (100 g) 73
Cream cheese (30 g) 35
Edam (50 g) 350
Feta (50 g) 180
Fromage frais (100 g) 85
White cheese (50 g) 280

1 egg, size 2 (60 g) 35
Fish
Pilchards, canned (105 g) 105
Prawns (80 g) 120
Salmon, canned (115 g) 100
Sardines, canned (70 g) 350
Shrimps (80 g) 100
Whitebait (100 g) 860
Vegetables
Broccoli (100 g) 40
Spinach (100 g) 150
Spring greens (100 g) 75
1 small can baked beans (200 g) 106
Dahl, chickpea (150 g) 100
Lentils, kidney beans or chick 40–70

peas (105 g) 40–70
Soya beans, cooked (100 g) 85
Tofu (60 g) 300
Fruit
1 large orange 70
Nuts
20 almonds 50
1 tablespoon sesame seeds (20 g) 140
Tahini paste on 1 slice bread (10 g) 70
Milk chocolate (100 g) 240

Excellent sources (bold); good source (italics).

Possible uses

The role of calcium has been investigated in a
number of conditions, including osteoporosis,
hypertension, colon cancer, obesity, menstrual
symptoms and pre-eclampsia.

Osteoporosis
Calcium supplements may have a role in the
prevention of osteoporosis. Most of the avail-
able evidence has been obtained from studies
looking at three different population groups
(i.e. children and adolescents, pre-menopausal
women and post-menopausal women).

Children and adolescents
Adequate intake of calcium is important
throughout life, but seems to be particularly
important during skeletal growth and devel-
opment of peak bone mass.1, 2 There are also
data to show that high intake of milk and dairy
produce increases bone mineralisation and bone
growth in adolescence – effects that may not
be due entirely to the high calcium content of
milk.3,4 In addition to other minerals, such as
magnesium, phosphorus and zinc (which are
themselves important for bone health), milk also
provides energy and protein, both of which may
stimulate bone growth through their influence
on insulin growth factor 1 (IGF-1).

Several controlled intervention studies5–8

using calcium supplements in children and ado-
lescents have shown that calcium intakes above
the current British Reference Nutrient Intake are
effective in increasing bone mineral accretion,
particularly in those youngsters with habitually
low calcium intakes. However, another study
has demonstrated that calcium supplementation
(500 mg daily) has only a modest effect on bone
mineral density (BMD) in girls aged 12–14, and
this effect was independent of habitual calcium
intake.9

Whether any benefits are sustained if calcium
intake is reduced is not clear. However, a
follow-up study of a trial in which 1000 mg
calcium was given to adolescent girls for 1 year
has shown that increased bone mineral accre-
tion may be sustained for a period of 3.5 years
after supplementation has been discontinued.10

A further RCT has demonstrated that calcium
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supplementation given from childhood to young
adulthood significantly improved bone accre-
tion during the pubertal growth spurt with a
diminishing effect thereafter.11

A Cochrane review,12 including 19 trials, has
assessed the effectiveness of calcium supplemen-
tation for improving BMD in children. There
was no effect of calcium supplementation on
femoral neck or lumbar spine BMD. There was a
small effect on total body bone mineral content
and upper limb BMD, but only the effect in
the upper limb persisted after supplementation
stopped. This effect is unlikely to result in a
clinically significant reduction in fracture risk
and the review concluded that the results do not
support the use of calcium supplementation in
healthy children as a public health intervention.

Pre-menopausal women
In pre-menopausal women, results from studies
examining the relationship between dietary cal-
cium intake and bone mass and also those from
calcium supplementation studies are contradic-
tory. Some show a positive effect of calcium13,14

on BMD, but others do not.15–17

Post-menopausal women
After the menopause, bone loss occurs at an
increasing rate, and while calcium may help to
slow the loss, it does not prevent it. Moreover,
the influence of calcium at this stage of life seems
to vary with the length of time that has passed
since the menopause. Most studies fail to show a
relationship between calcium intake, from either
food or supplements, and bone loss during the
5 years immediately following the menopause.
The rapid loss of oestrogen causes a very high
rate of bone resorption, which increases serum
calcium concentrations and inhibits intestinal
absorption of calcium.18

In one study,19 women who had undergone
the menopause within the last 5 years had rapid
bone loss that was not affected by a calcium
supplement of 500 mg a day. However, one
RCT in women over 45 showed that calcium
and vitamin D supplementation during a 30-
month period showed a positive effect on BMD
in both peri- and post-menopausal subjects.20

In women who were more than 6 years after
the menopause (and had a calcium intake of

<400 mg a day), the same supplement sig-
nificantly reduced bone loss. Another study in
women 10 years after the menopause21 showed
that a calcium supplement of 1000 mg a day
had a benefit on both total and site-specific
bone mass even though their habitual calcium
intake was satisfactory, and that this effect of
supplementation could last for 4 years and result
in fewer fractures.22

Using fracture rather than bone loss as the
end point, some recent studies have demon-
strated a benefit of calcium given with vitamin
D in older people. A French study (Decalyos
I),23 showed considerable reduction in fracture
rates in a large group of elderly people (mean
age 84 ± 6) who were living in a nursing home
and given 1200 mg calcium with 800 units of
vitamin D. Protection became apparent after
6–12 months, and after 3 years the probability
of hip fractures was reduced by 29%.

In a more recent study,24 also in elderly peo-
ple, similar results were obtained from calcium
supplementation alone, but the subjects were
vitamin D replete. Researchers in the USA25

looked at the effects of 500 mg of calcium plus
700 units of vitamin D for 3 years in 176 men
and 213 women aged 65 or older who were
living at home. The supplemented group had a
reduced incidence of non-vertebral fracture and
lower bone loss in the femoral neck and the total
body than the non-supplemented group.

A further study conducted by the French
group (Decalyos II) has confirmed the results of
Decalyos I and found that calcium (1200 mg)
plus vitamin D (800 units) reduces both hip
bone loss and the risk of hip fracture in elderly
institutionalised women.26 Analysis of the De-
calyos data showed that this supplementation
strategy is cost-saving.27

A recent meta-analysis has confirmed that
calcium supplementation slows bone loss in
post-menopausal women with a trend towards
a reduction in vertebral fractures.28

A trial involving 36 282 post-menopausal
women aged 50–79 randomised participants
to receive 1000 mg of elemental calcium with
400 units of vitamin D3 daily or placebo. There
was a small but significant 1% improvement
in hip bone density for those taking calcium
combined with vitamin D compared with those



40 Calcium

taking placebo. There was also a 12% reduction
in hip fracture, but this was non-significant.
However, women who consistently took the full
supplement dose experienced a 29% decrease
in hip fracture. Women older than 60 had a
significant 21% reduction in hip fracture. The
supplements had no significant effect on spine
or total fractures and were associated with an
increased risk of kidney stones.29

A 5-year, double-blind, placebo-controlled
study involving 1460 women over the age
of 70 found that 1200 mg calcium daily is
effective in preventing fracture in those who are
compliant, but as a public health intervention in
the ambulatory elderly population is ineffective
because of poor long-term compliance.30

Corticosteroid-induced osteoporosis
Steroids cause bone loss and it has been
suggested that patients on steroids should re-
ceive preventive treatment (e.g. calcium, vitamin
D, bisphosphonates, oestrogens). A Cochrane
meta-analysis of five trials involving 274
patients found a clinically and statistically
significant prevention of bone loss at the lumbar
spine and forearm with vitamin D and calcium
in corticosteroid treated patients. The authors
recommended that because of low toxicity and
low cost, all patients being started on cortico-
steroids should receive prophylactic therapy
with calcium and vitamin D.31

Hypertension
Epidemiological studies32,33 support an inverse
relationship between the amount of calcium in
the diet and blood pressure. However, based on
multivariate analyses, the absolute contribution
of calcium is very small. Some clinical interven-
tion studies have reported reduction in blood
pressure in normotensive and hypertensive
subjects34–36 or no effect.37 A meta-analysis of
33 RCTs concluded that calcium (800–2000 mg
daily) may lead to a small reduction in systolic
blood pressure.38 Another meta-analysis of 22
randomised clinical trials showed that calcium
supplements (500–1000 mg daily) produced a
significant decrease in systolic but not diastolic
blood pressure, but the authors concluded that
the effect was too small to support the use
of calcium supplementation in hypertension.39

Calcium may be most effective in patients

with hypertension who are Afro-Caribbean40 or
who are responsive to manipulation of dietary
sodium.41

A Cochrane review of 13 RCTs found that
calcium supplementation was associated with
a statistically significant reduction in systolic
blood pressure (mean difference: –2.5 mmHg;
95% CI, –4.5 to –0.6) but not diastolic blood
pressure (mean difference: –0.8 mmHg; 95% CI,
2.1 to 0.4). The review concluded that evidence
in favour of causal association between calcium
supplementation and blood pressure reduction
is weak and that longer duration, better quality
studies are needed.42

Cancer
Calcium supplementation may reduce the
occurrence of colorectal cancer, but study
results are inconsistent. High calcium intake
(1200–1400 mg daily) has been linked with
reduced colon cancer risk in epidemiological
studies, and high dietary and supplemental
calcium have been associated with reduced
recurrence of adenomatous polyps,43–45 and
reduced colorectal cancer risk.46 Other studies
have shown no significant effects of calcium
supplementation on colorectal cell proliferation
in subjects at high risk for colorectal cancer.47,48

There is also evidence that vitamin D acts
with calcium in reducing risk of colorectal
adenomal recurrence.49 A pooled analysis of 10
cohort studies found that higher consumption
of calcium is associated with lower risk of
colorectal cancer.50

Evidence from the Calcium Polyp Preven-
tion Study, which involved patients with
recent colorectal adenoma, showed that calcium
(1200 mg daily) may have a more pronounced
antineoplastic effect on advanced colorectal
lesions than on other types of polyps.51 In
the Polyp Prevention Trial, calcium and vita-
min D intake was inversely associated with
recurrence of adenomatous polyps in the large
bowel.52 A recent Cochrane review concluded
that evidence from two RCTs suggests that
calcium supplementation might contribute to a
moderate degree to the prevention of colorectal
adenomatous polyps, but that this does not
constitute sufficient evidence to recommend the
general use of calcium supplements to prevent
colorectal cancer.53 A systematic review and
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meta-analysis of three trials also suggested that
calcium supplementation prevents recurrent
colorectal adenomas.54

Calcium has been associated with increased
risk of prostate cancer. In the Physician’s Health
Study, men consuming >600 mg calcium a day
from dairy products had a 32% higher risk of
prostate cancer compared with men consuming
<150 mg daily.55 However, in a recent RCT
involving 672 men, calcium 1200 mg daily was
not associated with increased prostate cancer
risk.56 A meta-analysis of 12 studies found
that high intake of dairy products and calcium
may be associated with an increased risk of
prostate cancer, although the effect appeared to
be small.57

Menstrual symptoms
Calcium supplementation (1200 mg daily for
three menstrual cycles) was effective in re-
ducing premenstrual but not menstrual pain
in a prospective, randomised, double-blind,
placebo-controlled trial.58 In another trial,
when given with manganese, calcium (1336 mg
daily) reduced menstrual pain and undesirable
behavioural symptoms.59 A further trial showed
that calcium (1000 mg daily) reduced both
premenstrual and menstrual symptom scores,
and there was a significant effect of calcium on
menstrual pain.60

Pre-eclampsia
Use of calcium supplements during pregnancy
may reduce the risk of pre-eclampsia. An analy-
sis of clinical trials that examined the effects of
calcium intake on pre-eclampsia and pregnancy
outcomes in 2500 women found that those who
consumed 1500–2000 mg of calcium a day were
70% less likely to suffer from hypertension in
pregnancy.61 However, a large study involving
4589 healthy first-time mothers found that cal-
cium supplementation (2000 mg daily) had no
effect on the incidence of hypertension, protein
excretion or complications of childbirth.62

A Cochrane systematic review of pregnancy-
induced hypertension identified nine placebo-
controlled RCTs. Calcium significantly reduced
the relative risk of hypertension, especially in
women at high risk of hypertension and with
low dietary calcium.63

Obesity
Dietary calcium plays a pivotal role in the
regulation of energy metabolism. High-calcium
diets reduce adipose tissue accretion and weight
gain during periods of overconsumption and in-
crease fat breakdown to preserve thermogenesis
during energy restriction, thereby accelerating
weight loss.64 A review analysing data from
six observational studies and three controlled
trials has shown that high calcium intakes
are associated with lower weight gain at mid-
life.65 An RCT looking at the effect of calcium
supplementation (1000 mg daily) in 100 women
found no significant differences between body
weight or fat mass changes between the placebo
and calcium-supplemented groups. However,
there was a trend to increased loss of body
weight in the calcium group, which the authors
suggested to be consistent with a small effect.66

Conclusion
There is evidence that calcium supplemen-
tation can improve bone density in adoles-
cents. Calcium may also help to reduce the
decline in bone density in post-menopausal
women, particularly when given in con-
junction with vitamin D. However, there is
less evidence that calcium supplementation
attenuates the reduction in bone density
around the time of the menopause. Calcium
supplementation may lower blood pressure,
but the effect is too small to recommend
its use in hypertension. Evidence linking
calcium to colon cancer and prostate cancer
is conflicting. There is preliminary evidence
that calcium supplementation may help
symptoms of premenstrual syndrome (PMS),
particularly pain, and may also reduce the
risk of pre-eclampsia. Evidence of the value
of calcium supplements in obesity is limited.

Precautions/contraindications

Calcium supplements should be avoided in
conditions associated with hypercalcaemia and
hypercalcuria, and in renal impairment
(chronic). They should be used with caution
and with medical supervision in hypertension
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because blood pressure control may be
altered.

Traditionally, a low-calcium diet was advised
in patients with or at risk of kidney stones.
Recent studies have suggested that the risk of
kidney stones is not increased by calcium.67–70

In two studies, however, supplemental calcium
was positively associated with risk.29,71

A recent review on developments in stone
prevention states: ‘Calcium should not be re-
stricted. There is clear evidence from clinical
and experimental studies that a normal or
high calcium supply is appropriate in calcium
stone disease. Only in absorptive hypercalcuria
calcium restriction remains beneficial in combi-
nation with thiazide and citrate therapy.’72

Pregnancy and breast-feeding

No problems have been reported. Calcium sup-
plements may be required during pregnancy and
breast-feeding. Some studies have shown that
the use of calcium supplements in pregnancy
may lower the risk of pre-eclampsia, while
another has not (see above).

Adverse effects

Reported adverse effects with supplements in-
clude nausea, constipation and flatulence (usu-
ally mild). Calcium metabolism is under such
tight control that accumulation in blood or tis-
sues from excessive intakes is almost unknown;
accumulation is usually due to failure of control
mechanisms. Toxic effects and hypercalcaemia
are unlikely with oral doses of < 2000 mg daily.
However, in young children, calcium supple-
ments should be used under medical supervision
because of a risk of bowel perforation.

Interactions

Drugs
Alcohol: excessive alcohol intake may reduce
calcium absorption.
Aluminium-containing antacids: may reduce
calcium absorption.
Anticonvulsants: may reduce serum calcium
levels.

Bisphosphonates: calcium may reduce absorp-
tion of etidronate; give 2 h apart.
Cardiac glycosides: concurrent use with par-
enteral calcium preparations may increase
risk of cardiac arrhythmias (ECG monitoring
recommended).
Corticosteroids: may reduce serum calcium
levels.
Laxatives: prolonged use of laxatives may
reduce calcium absorption.
Loop diuretics: increased excretion of
calcium.
4-Quinolones: may reduce absorption of
4-quinolones; give 2 h apart.
Tamoxifen: calcium supplements may increase
the risk of hypercalcaemia (a rare side-effect
of tamoxifen therapy); calcium supplements are
best avoided.
Tetracyclines: may reduce absorption of tetra-
cyclines; give 2 h apart.
Thiazide diuretics: may reduce calcium excre-
tion.

Nutrients
Fluoride: may reduce absorption of fluoride and
vice versa; give 2 h apart.
Iron: calcium carbonate or calcium phosphate
may reduce absorption of iron; give 2 h apart
(absorption of iron in multiple formulations
containing iron and calcium is not significantly
altered).
Vitamin D: increased absorption of calcium
and increased risk of hypercalcaemia; may be
advantageous in some individuals.
Zinc: may reduce absorption of zinc.

Dose

Calcium is available in the form of tablets
and capsules. A review of 35 US calcium
supplements showed that four brands contained
lower levels of calcium than claimed on the
label. However, none of the products failed
testing for exceeding contamination levels for
lead and other heavy metals.73 Another survey
showed that calcium supplements may contain
lead,74 but levels were not high enough to cause
concern.75

The dose for potential prevention of
osteoporosis is 1000–1200 mg (as elemental
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Table 3 Calcium content of commonly used
calcium salts

Calcium salt Calcium(mg/g) Calcium(%)

Calcium amino acid
chelate

180 18

Calcium carbonate 400 40
Calcium chloride 272 27.2
Calcium glubionate 65 6.5
Calcium gluconate 90 9
Calcium lactate 130 13
Calcium lactate

gluconate
129 13

Calcium orotate 210 21
Calcium phosphate

(dibasic)
230 23

Note: Calcium lactate and gluconate are more efficiently absorbed than

calcium carbonate (particularly in patients with achlorhydria).

calcium) daily with 800 units of cholecalcif-
erol. Patients who may require supplementation
include: those aged 65 and over who are
confined to their homes and care institutes;
post-menopausal women below the age of 65,
where lifestyle modification is unsustainable;
secondary prevention of osteoporotic fractures
in post-menopausal women (this is covered
by the 2005 NICE guideline76); prevention of
osteoporotic fractures in patients taking gluco-
corticoids.

Note: doses are given in terms of elemental
calcium. Patients should be advised that calcium
supplements are not identical; they provide
different amounts of elemental calcium. The cal-
cium content of various calcium salts commonly
used in supplements is shown in Table 3.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of calcium for adults from supplements alone of
1500 mg daily.

The US Tolerable Upper Intake Level (UL) for
calcium, the highest total amount from diet and
supplements unlikely to pose no risk for most

people, is 2500 mg daily for adults and children
from the age of 12 months.
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Carnitine

Description

Carnitine is an amino acid derivative.

Nomenclature

Carnitine is sometimes known as vitamin BT; it
is not an officially recognised vitamin.

Constituents

Carnitine exists as two distinct isomers, l-
carnitine (naturally occurring carnitine) and
d-carnitine (synthetic carnitine). Dietary sup-
plements contain l-carnitine or a dl-carnitine
mixture.

Human requirements

No proof of a dietary need exists. Carnitine
is synthesised in sufficient quantities to meet
human requirements.

Dietary intake

The average omnivorous diet is estimated to
provide 100–300 mg of carnitine daily.

Dietary sources

Meat and dairy products are the best sources.
Fruit, vegetables and cereals are poor sources
of carnitine. Carnitine is added to infant milk
formulae.

Action

Carnitine has the following physiological
functions:

� Regulation of long-chain fatty acid transport
across cell membranes.

� Facilitation of beta-oxidation of long-chain
fatty acids and ketoacids.

� Transportation of acyl CoA compounds.

Metabolism

Dietary carnitine is absorbed rapidly from the
intestine by both passive and active transport
mechanisms. Carnitine is synthesised in the
liver, brain and kidney from the essential amino
acids, lysine and methionine.

Deficiency

Primary carnitine deficiency is caused by
impairment in the membrane transport of
carnitine. Symptoms may include: chronic
muscle weakness (due to muscle carnitine
deficiency); recurrent episodes of coma and
hypoglycaemia (usually in infants and children);
encephalopathy; and cardiomyopathy.

Secondary carnitine deficiency occurs in
several inherited disorders of metabolism (es-
pecially organic acidurias and disorders of
beta-oxidation).

Despite the fact that plant foods are poor
sources of carnitine, there is no evidence that
vegetarians are deficient in carnitine. Endoge-
nous synthesis prevents deficiencies.

Possible uses

Carnitine supplementation has been investi-
gated for its potential benefit in CVD, exercise
performance, chronic fatigue syndrome and
Alzheimer’s disease.
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Cardiovascular disease
Carnitine may be beneficial in patients with
ischaemic heart disease, but only those who
have low serum carnitine levels.

Orally administered l-carnitine (2 g daily)
has been shown to improve symptoms of
angina,1 and to reduce anginal attacks and
glyceryl trinitrate consumption.2 In a dose of
900 mg daily for 12 weeks, it has also been
shown to improve exercise tolerance in patients
with stable angina.3

Carnitine supplementation (4 g daily) has
also been reported to improve heart rate, arterial
pressures, angina and lipid patterns in a con-
trolled study of patients who had experienced
a recent myocardial infarction.4 Yet another
study showed that l-carnitine (1 g twice daily
for 45 days) may be beneficial in congestive
heart failure (CHF), by reducing heart rate,
dyspnoea and oedema, and increasing diuresis.
Supplementation also allowed for a reduction in
daily digoxin dose.5

Another study has provided some evidence
that l-carnitine (2 g twice a day for 3 weeks)
increases walking distance in patients with
intermittent claudication.6

Hyperlipidaemias
Preliminary studies have shown that l-carnitine
may reduce blood cholesterol levels. Oral ad-
ministration of l-carnitine (3–4 g daily) signifi-
cantly reduced serum levels of total cholesterol
or triglyceride or both, and increased those of
high-density lipoprotein (HDL) cholesterol.7–9

Exercise performance
There is a potential for carnitine to improve ath-
letic performance by increasing lipid utilisation
and conserving glycogen supplies in the muscles.

An increase in maximal aerobic power was
observed in subjects who received l-carnitine
2 g daily10 and 4 g daily.11,12 Other studies have
shown no effect of supplemental carnitine on
muscle carnitine.13,14

Double-blind placebo-controlled trials have
shown no benefit of oral carnitine 2 g,15 3 g16

or 4 g17 on exercise performance in healthy
subjects.

Chronic fatigue syndrome
Patients with chronic fatigue syndrome have
been reported to have low carnitine levels.
One crossover (not blinded) parallel design
study randomised 30 patients with chronic
fatigue syndrome to either 3 g l-carnitine
or 100 mg amantadine.18 At the end of the
2-month study, the carnitine group experienced
clinical improvement in 12 out of the 18 studied
parameters. However, no statistical compar-
ison between carnitine and amantadine was
conducted.

Alzheimer’s disease
Preliminary evidence from two double-blind,
placebo-controlled trials19,20 suggests that car-
nitine supplementation could reduce the deterio-
ration in some symptoms of Alzheimer’s disease.
A meta-analysis of 21 double-blind RCTs of
acetyl-l-carnitine (ALC) versus placebo in the
treatment of mild cognitive impairment and
mild Alzheimer’s disease concluded that ALC
improved mild cognitive impairment or pre-
vented deterioration, and was well tolerated.21

More recent evidence from a Cochrane review
of 16 trials suggests evidence of benefit for
acetyl-l-carnitine on clinical global impression
and on the Mini Mental State Examination
(MMSE – test for Alzheimer’s disease), but
there is no evidence using objective assessments
in any other area of outcome. In many cases
the trial methodologies were poor with vague
descriptions of dementia. The Cochrane review
concluded that at present there is no evidence
to recommend the use of acetyl-l-carnitine in
clinical practice.22

Miscellaneous
There is some evidence that carnitine improves
insulin resistance in type II diabetes.23 ALC
is also a promising treatment for symptoms,
particularly pain, of diabetic neuropathy.24,25

It may support treatment for epilepsy26 and
complement antiretroviral therapy in patients
with HIV,27,28 but studies have not assessed the
effect of carnitine on morbidity and mortality
from AIDS.
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Conclusion
Preliminary evidence suggests that carni-
tine supplementation may be of benefit
in several cardiovascular disorders, such
as angina, hyperlipidaemia, myocardial in-
farction, CHF and intermittent claudication.
Evidence also exists that carnitine may be
beneficial in Alzheimer’s disease, chronic
fatigue syndrome and diabetic neuropathy.
While these results are clearly of interest,
further evidence is required before the role
of carnitine, if any, in the management of
these conditions can be defined. Despite a
theoretical rationale, there is as yet no good
evidence that carnitine supplementation im-
proves exercise performance.

Precautions/contraindications

The administration of the d-isomer (including
a dl-mixture, contained in some supplements)
may interfere with the normal function of the
l-isomer and should not be used. Only the l-
isomer has been used in studies.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of carnitine in pregnancy and breast-
feeding.

Adverse effects

Serious toxicity has not been reported. Nausea,
vomiting and diarrhoea may occur with high
doses. The risk of toxicity is greater with the
d-isomer than with l-carnitine (see Precau-
tions/contraindications); myasthenia has been
reported with ingestion of dl-carnitine.

Interactions

Drugs
Anticonvulsants: increased excretion of
carnitine.
Pivampicillin: increased excretion of
carnitine.

Pivmecillinam: increased excretion of
carnitine.

Dose

l-carnitine supplements are available in the
form of tablets and capsules.

The dose is not established. In studies, doses
of 1–6 g l-carnitine daily have been used.
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Carotenoids

Description

Carotenoids are natural pigments found in
plants, including fruit and vegetables, giving
them their bright colour. About 600 carotenoids
have been identified, of which about six appear
to be used in significant ways by the blood
or other tissues. About 50 have pro-vitamin
A activity, and of these, all-trans beta-carotene
is the most active on a weight basis and makes
the most important quantitative contribution
to human nutrition. Beta-carotene is fat solu-
ble. Apart from beta-carotene, other significant
carotenoids (according to research conducted so
far) are alpha-carotene, astaxanthin, cryptoxan-
thin, lycopene, lutein and zeaxanthin.

Units

The bioavailability of those carotenoids with
pro-vitamin A activity (e.g. alpha-carotene,
beta-carotene, cryptoxanthin) is less than that
of retinol (preformed vitamin A).

The absorption and utilisation of carotenoids
varies, but the generally accepted relationship
in the UK is that 1 µg retinol is equivalent
to 6 µg beta-carotene or 12 µg of other pro-
vitamin A carotenoids. (Other carotenoids with
pro-vitamin A activity are not converted to
vitamin to the same extent as is beta-carotene.)
However, the bioactivity of carotenoids in foods
is now known to be less than was previously
thought and there is much debate about the
conversion factors. The US Food and Nutrition
Board revised its conversion factors in 2001
such that 1 µg retinol is equivalent to 12 µg
beta-carotene or 24 µg of other provitamin A
carotenoids.

The amount of beta-carotene in dietary
supplements may be expressed in terms of
micrograms or International Units. One unit of
beta-carotene is defined as the activity of 0.6 µg
beta-carotene. Thus:
� 1 unit beta-carotene = 0.6 µg beta-carotene;

and
� 1 µg beta-carotene = 1.67 units beta-

carotene.

Human requirements

There is currently no UK Dietary Refer-
ence Value for beta-carotene (or any other
carotenoids). This is because, until recently,
its only role has been considered to be as a
precursor of vitamin A. Some authorities are
starting to make recommendations for beta-
carotene, e.g. 6 mg daily (Finland); 4 mg daily
(France); 2 mg daily (Germany).

Dietary intake

In the UK, the average adult diet provides
2.28 mg (beta-carotene) daily.

Action

Carotenoids have the following functions. They:
� quench singlet oxygen and prevent the for-

mation of free radicals. Note: natural beta-
carotene (cis form) acts as an antioxidant,
while the synthetic (trans) form has been
suggested to be pro-oxidant;1

� react with or scavenge free radicals directly
and thus act as an antioxidant;

� enhancesomeaspectsofimmunefunction;and
� act as precursors for vitamin A (e.g. alpha-

carotene, beta-carotene, cryptoxanthin).
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Table 1 Carotenoid composition of typical fruits and vegetables (µg/100 g portion)

Food Alpha-carotene Beta-carotene Beta-cryptoxanthin Lutein + zeaxanthin Lycopene

Apricots, dried 0 17 600 0 0 864
Beet greens 3 2 560 0 7 700 0
Broccoli, boiled 0 1 042 0 2 226 0
Brussels sprouts, boiled 0 465 0 1 290 0
Cantaloupe melon 27 1 595 0 40 0
Carrots, cooked 3700 9 800 0 260 0
Grapefruit, pink 5 603 12 13 1 462
Kale, cooked 0 6 202 0 15 798 0
Lettuce, cos 0 1 272 0 2 635 0
Mandarin orange 14 71 485 243 0
Mango, raw 17 445 11 – –
Mango, canned, drained – 13 120 1 550 – –
Orange juice 2 4 15 36 0
Oranges 16 51 122 187 0
Papaya 0 276 761 75 0
Pasta with tomato sauce 0 127 0 0 3 162
Peppers, red, raw 59 2 379 2 205 – –
Pizza, with tomato sauce 0 170 0 20 2 071
Spinach, cooked 0 5 242 0 7 043 0
Sweetcorn, canned 33 30 0 884 0
Sweet potato, cooked 0 9 488 0 0 0
Tomato soup, canned 0 235 0 90 10 920
Tomato, raw 0 520 0 100 3 100

Data from USDA-NCC Carotenoid Database for US Foods, 1998.

Dietary sources

Carotenoids are found in a wide variety of fruits
and vegetables, although they may not be the
ones commonly consumed. Alpha-carotene is
found in palm oil, maize, carrots and pumpkin.
Lycopene is concentrated in red fruits, such as
tomatoes (particularly cooked and pureed toma-
toes), guava, watermelon, apricots, peaches
and red grapefruit. Lutein and zeaxanthin are
found in dark green vegetables, red pepper
and pumpkin. Cryptoxanthin is present in
mangoes, oranges and peaches. The carotenoid
content of various fruits and vegetables is
shown in Table 1.

Metabolism

Although there are a huge number of
carotenoids, most research has been conducted

on beta-carotene, and less is known about the
others, particularly in terms of metabolism.
Hence, only the metabolism of beta-carotene is
described here.

Absorption
Beta-carotene consists of two molecules of
vitamin A, which are hydrolysed in the gastro-
intestinal tract. It is absorbed into the mucosal
cells of the small intestine and converted to
retinol. The efficiency of absorption is usually
20–50%, but can be as low as 10% when
intake is high. The conversion of beta-carotene
to retinol is regulated by the vitamin A stores
of the individual and by the amount ingested;
conversion efficiency varies from 2:1 at low
intakes to 12:1 at higher intakes. On average,
25% of absorbed beta-carotene appears to
remain intact and 75% is converted to retinol.
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Distribution
Intact beta-carotene is transported in very-
low-density lipoprotein (VLDL) or low-density
lipoprotein (LDL) cholesterol. Blood levels,
unlike those of retinol, are not maintained
constant but vary roughly in proportion to the
amounts ingested. Increased blood levels (hyper-
carotenaemia) are sometimes associated (as
a secondary condition) with hypothyroidism,
diabetes mellitus, and hepatic and renal disease.
Hypercarotenaemia can also be caused by a
rare genetic inability to convert beta-carotene
to vitamin A.

All carotenoids are deposited in the liver to a
less extent than is vitamin A. Most are stored in
the adipose tissue, epidermal and dermal layers
of the skin and the adrenals; there are high levels
in the corpus luteum and in colostrum.

Elimination
Beta-carotene is eliminated mainly in the
faeces.

Bioavailability

Beta-carotene is not very stable, and potency
is lost if it is exposed to oxygen. Mild cook-
ing processes can improve bioavailability, e.g.
absorption from raw carrot can be as low as
1%, but this figure increases dramatically when
carrots are subject to short periods of boiling.
However, overcooking reduces bioavailability.
Significant losses can also occur during frying,
freezing and canning.

Deficiency

No specific symptoms have been defined.

Possible uses

Carotenoids are being investigated in a variety
of conditions, particularly cancer, CVD and
cataract.

Beta-carotene

Cancer

Epidemiological studies More than 50 epi-
demiological studies have demonstrated that a

high intake of foods rich in carotenoids (i.e.
fruit and vegetables) and high serum levels of
beta-carotene are associated with reduced risk
of certain cancers, especially lung cancer, but
also cancers of the cervix, endometrium, breast,
oesophagus, mouth and stomach.2

Fruit and vegetables contain several types of
carotenoids in addition to beta-carotene, and
it is incorrect to assume that beta-carotene
is responsible for all the preventive effects of
fruit and vegetables. For example, increased
alpha-carotene intakes from diet have been
associated with a reduced risk of lung cancer,3,4

with suggestive inverse associations for other
carotenoids also.

However, serum analysis has also shown an
association between low serum beta-carotene
levels and increased cancer risk, possibly indi-
cating a more specific link. Intervention studies
published so far have provided very little ev-
idence for a beneficial effect of beta-carotene
supplementation on cancer risk; indeed, some
have indicated that there may be an increased
risk.

Intervention trials A 12-year US study involv-
ing 22 071 male physicians randomly allocated
to 50 mg beta-carotene every other day or
placebo did not demonstrate any statistically
significant benefit or harm from supplementa-
tion. In the beta-carotene group, 1273 subjects
developed malignant neoplasms compared with
1293 in the placebo group. No serious adverse
effects were noted in the study.5

In a double-blind, placebo-controlled Finnish
intervention trial, known as the Alpha-
Tocopherol, Beta-Carotene Prevention (ATBC)
Study,6 29 000 male smokers were randomised
to receive beta-carotene 20 mg daily, alpha-
tocopherol 50 mg daily, both beta-carotene and
alpha-tocopherol, or placebo. Lung cancer inci-
dence increased in all the groups receiving beta-
carotene, but the effect was stronger in those
who smoked heavily, a finding consistent with
the CARET study (see below). However, lung
cancer incidence was not correlated with serum
beta-carotene, suggesting that this was not a
direct effect of beta-carotene.7 There was also
no significant effect on incidence or mortality of
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cancer of the pancreas,8 nor on the incidence of
colorectal adenomas.9

Another US study (the beta-carotene and
retinol efficacy trial – CARET) in 4060 sub-
jects with substantial work-related exposure
to asbestos and also 14 254 heavy smokers,
showed that beta-carotene 30 mg with vitamin
A 25 000 units increased the risk of lung cancer
compared with placebo. Mortality was also
17% higher. As a consequence, this trial was
stopped prematurely.10

These unexpected results were reviewed ex-
tensively and numerous possible explanations
were proposed. One possible explanation for
the negative results of the human beta-carotene
intervention trials is that the positive effects
of beta-carotene shown in case-control studies
were instead the results of other nutrients
that co-vary with carotenoids and carotenoids
are only one of several factors in fruits and
vegetables that must be consumed together to be
effective. Carotenoids could also be a marker for
a generally healthy lifestyle that includes a diet
low in fat and high in fruits and vegetables.11

Another hypothesis is that a large dose of
beta-carotene, such as was used in these trials,
is metabolised differently than a smaller dietary
dose, resulting in adverse effects. The idea was
tested experimentally in a model of smoke-
exposed, beta-carotene-treated ferrets. In the
lungs of these animals, retinoid oxidative en-
zymes were elevated and retinoid levels were
reduced.12 This was found, in part, to be the re-
sult of enhanced oxidative excentric cleaving of
beta-carotene to produce various beta-carotene
metabolites (e.g. beta-apo-carotenals). How-
ever, when alpha-tocopherol and ascorbic acid
were added to beta-carotene in ferrets exposed
to cigarette smoke, the production of beta-apo-
carotenals was inhibited, while the production
of retinoids was increased. When either alpha-
tocopherol or vitamin C alone was added,
the production of retinoids was not affected,
suggesting that alpha-tocopherol and ascorbic
acid may act synergistically in preventing the
enhanced oxidative cleavage of beta-carotene
induced by smoking exposure.13 A more recent
study in a ferret lung cancer model indicates that
combined antioxidative supplementation could
be a useful chemopreventive strategy against

lung carcinogenesis through maintaining tissue
retinoid levels and inhibiting cell proliferation
and other potentially carcinogenesis pathways
in the lung.14

In patients with documented cervical dyspla-
sia given either beta-carotene 30 mg or placebo
for 9 months, complete remission occurred in
23% of the supplemented group and 47% of
the placebo group, showing that beta-carotene
had no beneficial effect on resolution of cervical
dysplasia.15 However, in another study there
was an inverse relationship between breast can-
cer and beta-carotene intake in pre-menopausal
women.16

In a further study, beta-carotene was neither
beneficial nor harmful in reducing the risk of
developing skin cancer. A total of 1621 subjects
aged 20 to 69 were randomised into four
groups – beta-carotene and sunscreen, sunscreen
and placebo, beta-carotene and no sunscreen,
and no sunscreen and placebo. Sunscreen was
applied daily to all exposed areas of the head,
neck, arms and hands, with re-application after
swimming or increased perspiration. No dosing
details were given for beta-carotene. At the
end of the study, there were no statistically
significant differences in development of basal
or squamous cell carcinoma between the beta-
carotene and placebo groups.17 A lack of
effect of beta-carotene supplementation in
non-melanoma skin cancer was observed among
men with low baseline plasma beta-carotene.18

More recent trials continue to show mixed
results with beta-carotene alone. One RCT
in 264 patients who had been treated for a
recent early-stage squamous cell carcinoma of
the oral cavity, pharynx or larynx found that
beta-carotene 50 mg daily had no significant
effect on second cancers of the head and neck
(RR 0.69; 5% CI, 0.39 to 1.25) or lung cancer
(RR 1.44; 5% CI, 0.62 to 3.39) and total
mortality was not affected. However, in this
study the point estimates suggested a possible
decrease in second head and neck cancer risk
but a possible increase in lung cancer risk.19

In a further trial involving patients treated for
head and neck cancer, beta-carotene (75 mg
daily) had no significant effect on the incidence
of second primary tumours, but there was a
statistically non-significant 40% reduction in
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the risk of death among subjects assigned to
beta-carotene and no increase in death from
CVD.20 In patients with early-stage head and
neck cancer, supplemental beta-carotene did not
have pro-oxidant effects in either smokers or
non-smokers.21

Beta-carotene has been shown in one RCT to
be protective of colorectal adenoma recurrence
among subjects who neither smoked cigarettes
nor drank alcohol. A total of 864 subjects who
had had an adenoma removed and were polyp-
free were randomised to receive beta-carotene
(25 mg) and/or vitamins C and E in combination
(1000 mg and 400 mg, respectively) or placebo.
They were followed at 1 and 4 years for ade-
noma recurrence. Among subjects who did not
smoke or drink, beta-carotene was associated
with a marked decrease in risk of one or more
recurrent adenomas (RR 0.56, 95% CI, 0.35
to 0.89), but beta-carotene supplementation
conferred a modest increase in the risk of
recurrence in those who smoked or drank. For
people who smoked and drank more than one
alcoholic drink a day, beta-carotene doubled
the risk of adenoma recurrence, suggesting that
both alcohol and smoking modify the effect
of beta-carotene supplementation on the risk
of colorectal adenoma recurrence.22 Vitamin
A and alpha-carotene have also been found
to protect against recurrence of adenomatous
polyps in non-smokers and non-drinkers.23

Cardiovascular disease
Diets rich in fruit and vegetables are generally
associated with a lower risk of CVD, but
evidence for a direct protective effect of beta-
carotene was reported from the US Physicians’
Health Study.23 In an analysis of a subgroup
of volunteers who had previously had stable
angina or coronary revascularisation, 50 mg
beta-carotene on alternate days reduced subse-
quent coronary events by 50% compared with
placebo.

However, in a large placebo-controlled trial
involving men between 50 and 69 who smoked
five or more cigarettes a day, supplementation
with beta-carotene was not helpful in angina
pectoris and may have slightly increased the
incidence of the condition.24 In this study, 5602
patients received beta-carotene 20 mg daily,

5570 patients received alpha-tocopherol 50 mg
daily, 5548 patients received alpha-tocopherol
50 mg and beta-carotene 20 mg daily, and 5549
received placebo. Follow-up continued for a
maximum of 7 years. Patients taking vitamin
E alone or in combination with beta-carotene
showed a minor decrease in angina pectoris, but
beta-carotene alone was associated with a slight
increase in angina incidence.

Incidence of myocardial infarction was
not reduced by beta-carotene supplementation
(50 mg daily) in US male physicians.25 Beta-
carotene was not effective in the treatment
of increased serum triglycerides or cholesterol
levels,26 and was not shown to reduce the risk
of stroke.27

A meta-analysis that looked at the effect
of antioxidant vitamins on long-term cardio-
vascular outcomes included 12 RCTs, of which
eight involved beta-carotene.28 Beta-carotene
was associated with a slight statistically signifi-
cant increase in all-cause mortality and cardio-
vascular death compared with the control. The
authors concluded that the use of supplements
containing beta-carotene should be actively
discouraged.

Cataract
Beta-carotene may protect against cataract for-
mation. In a retrospective study,29 the group
with the lowest serum beta-carotene levels had
over five times the risk of developing cataract
as the group with the highest serum levels.
Two RCTs have evaluated the influence of beta-
carotene supplements in age-related cataract. In
the US Physicians’ Health Study, 22 071 men
aged 40–84 were randomly assigned to receive
either beta-carotene 50 mg on alternate days or
placebo for 12 years. There was no difference
between the beta-carotene and placebo groups
in the overall incidence of cataract, relative risk
or cataract extraction. In smokers, however,
beta-carotene appeared to attenuate excess risk
of cataract by about 25%.30 In the Women’s
Health Study, 39 867 female health profession-
als aged 45 or older were randomised to receive
beta-carotene 50 mg on alternate days, vitamin
E and aspirin for the prevention of cancer and
CVD. The beta-carotene arm was terminated
early and the main outcome measures were
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visually significant cataract and cataract extrac-
tion. However, 2 years of beta-carotene treat-
ment had no large beneficial (or harmful) effect
on the development of cataract.31

Diabetes
Serum beta-carotene levels may be reduced in
diabetic patients, and one case-control study
has shown a negative correlation between beta-
carotene and glycaemic control.32 However, in
the US Physicians’ Health Study, beta-carotene
supplementation (50 mg daily) was ineffective
in reducing the risk of developing type 2
diabetes.33

Immune function
Data on beta-carotene’s influence on the
immune system are conflicting. One study
showed that supplementation (beta-carotene
15 mg daily for 26 days) resulted in a significant
increase in the proportion of monocytes in-
volved in initiating immune responses.34 How-
ever, in other studies, T-cell immunity was un-
affected by beta-carotene supplementation.35

Lutein
Lutein is a carotenoid found in high concen-
trations in the eye, where it filters out blue
light, and it may have a protective role in the
visual apparatus and its vascular supply. There
is evidence that lutein may help to prevent
ARMD36 and cataracts.37 Supplements may
also help to improve visual function in patients
with retinal degeneration.38

A study in Miami tested the effects of 30 mg
of lutein on eye pigment in two people for a
period of 140 days. The results showed that
20–40 days after starting the lutein supplement,
the density of the pigment in the subject’s eyes
started to increase. The amount of blue light
reaching the photoreceptors, Bruch’s membrane
and the retinal pigment epithelium (vulnerable
eye tissues affected in macular degeneration)
was reduced by 30–40%.39 Another carotenoid,
lycopene, appears to confer protection against
oxidative changes in the epithelial cells of the
lens.40

Dietary intake of lutein and its isomer
zeaxanthin may reduce the risk of developing
both cataract and macular degeneration.41 In

the US Nurses’ Health Study, those in the
highest quintile for consumption of lutein and
zeaxanthin had a 22% reduced risk of cataract
extraction compared with those in the lowest
quintile.42 In the US Physicians’ Health Study,
those in the highest quintile for lutein and
zeaxanthin intake had a 19% reduction in
risk for cataract extraction when smoking,
age, and other risk factors were controlled
for.43 Other carotenoids (alpha-carotene, beta-
carotene, beta-cryptoxanthin, lycopene) were
not associated with a reduced risk of cataract.

Similarly, in the US Beaver Dam Eye Study,
lutein and zeaxanthin were the only carotenoids
of those examined associated with reduction
in cataracts – in this case, nuclear cataracts.
People in the highest quintile of lutein intake
in the distant past were half as likely to have
an incidence of cataract as those in the lowest
quintile.37 As part of the same study, 252
subjects were followed over a 5-year period.
Only a trend towards an inverse relationship
between serum lutein and cryptoxanthin and
risk of cataract development was noted.44

In a UK cross-sectional survey, the risk of
posterior subscapular cataract was lowest in
those with higher plasma concentrations of
lutein and the risk of cortical cataract was
lowest in people with the highest plasma con-
centrations of lycopene. However, the risk of
nuclear cataract was lowest in people with the
highest plasma concentrations of alpha- or beta-
carotene.45

In the first published intervention trial involv-
ing lutein, 17 patients with age-related cataracts
were randomised in a double-blind study involv-
ing dietary supplementation with lutein 15 mg,
alpha-tocopherol 100 mg or placebo three times
a week for up to 2 years. Visual performance
(visual acuity and glare sensitivity) improved in
the lutein group but not with alpha-tocopherol
or placebo.46

The second trial was a 21-month ran-
domised, double-masked, placebo-controlled
trial that involved 90 patients with atrophic
ARMD. One group of patients received lutein
10 mg daily, another group received lutein
10 mg with antioxidants and vitamins and min-
erals while the third group received a placebo.
Visual function (as measured by macular
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pigment optical density, Snellen equivalent
visual acuity and contrast sensitivity) improved
with both lutein alone and lutein together with
the other nutrients compared with placebo.47

The authors concluded that lutein or lutein
together with antioxidant vitamins was not
a cure for ARMD but could reverse various
symptoms of the condition and improve visual
function.

Lycopene
Lycopene is a carotenoid pigment that functions
as a free radical scavenger and antioxidant.
Supplementation has been reported to pro-
tect against macular degeneration,48 athero-
sclerosis,49 and cancer, especially prostate
cancer.50,51

Intervention trials have begun to evaluate
the effects of lycopene supplements in prostate
cancer. In a pilot trial, 26 men with newly diag-
nosed, clinically localised prostate cancer were
randomised to receive 15 mg of lycopene twice
daily or no supplementation for 3 weeks before
radical prostatectomy. The results suggested
that lycopene supplementation may reduce the
growth of prostate cancer, but the authors
emphasised that no firm conclusions could be
reached because of the small sample size.52

The same research group conducted a fur-
ther pilot trial involving the use of a tomato
extract containing 30 mg lycopene each day
in 26 men – again for 3 weeks before radical
prostatectomy. After intervention, subjects in
the intervention group had smaller tumours,
less involvement of extra-prostatic tissue with
cancer and less diffuse involvement of the
prostate by high-grade prostatic intraepithelial
neoplasia. Mean prostate-specific antigen (PSA)
was lower in the intervention group than the
placebo group. The authors concluded that this
pilot study suggests that lycopene may have
beneficial effects in prostate cancer, although
large trials are warranted to investigate the
potential preventive and/or therapeutic role of
lycopene in the disease.53

In another trial, 54 men with prostate cancer
were assigned to receive orchidectomy alone or
orchidectomy plus lycopene (2 mg twice daily).
At 6 months there was a significant reduction in
PSA in both treatment arms, but this was more

marked in the lycopene group. This change was
more consistent after 2 years. Adding lycopene
to orchidectomy produced a more reliable and
consistent reduction in PSA, shrinking the pri-
mary tumour, diminishing secondary tumours,
providing better relief from bone pain and lower
urinary tract symptoms and improving survival
compared with orchidectomy alone.54 A further
trial using a supplement containing lycopene,
isoflavones, silymarin and antioxidants found
that this supplement delayed PSA progression
after potentially curative treatment (radical
prostatectomy).55

A meta-analysis of 11 case-control studies
and 10 cohort studies or nested case-control
studies involving tomato, tomato products or
lycopene concluded that tomato products may
play a role in the prevention of prostate cancer,
but the effect is small.56

Conclusion
Diets rich in carotenoids are protec-
tive against various conditions, particu-
larly cancer and CVD. However, evidence
that beta-carotene supplements are bene-
ficial for this purpose is lacking. Other
carotenoids, such as lycopene and lutein,
are now being studied. Preliminary evi-
dence suggests that lutein may be pro-
tective in cataract and macular degener-
ation, while lycopene may be protective
against macular degeneration and prostate
cancer.

Precautions/contraindications

No serious problems have been reported. Sup-
plements should be avoided by people with
known hypersensitivity to carotenoids.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

Unlike retinol, carotenoids are generally non-
toxic. Even when ingested in large amounts,
they are not known to cause birth defects or
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to cause hypervitaminosis A, primarily because
efficiency of absorption decreases rapidly as
the dose increases and because conversion to
vitamin A is not sufficiently rapid to induce
toxicity.

Intake of >30 mg daily (either from com-
mercial supplements or tomato or carrot juice)
may lead to hypercarotenaemia, which is char-
acterised by a yellowish coloration of the skin
(including the palms of the hands and soles
of the feet), and a very high concentration of
carotenoids in the plasma. This is harmless
and reversible and gradually disappears when
excessive intake of carotenoids is corrected.

Hypercarotenaemia is clearly differentiated
from jaundice by the appearance of the whites
of the eyes (yellow in hypercarotenaemia but
not in jaundice).

Diarrhoea, dizziness and arthralgia may
occur occasionally with carotene supplements.
Allergic reactions (hay fever and facial swelling),
amenorrhoea and leucopenia have been
reported rarely.

According to FAO/WHO, intakes up to 5 mg
beta-carotene/kg body weight are acceptable.

The only serious toxic manifestation of
carotenoid intake is canthaxanthin retinopathy,
which can develop in patients with erythropoi-
etic protoporphyria and related disorders who
are treated with large daily doses (50–100 mg)
of canthaxanthin (a derivative of beta-carotene)
for long periods.

Interactions

None specifically established (see also Vita-
min A).

Dose

Beta-carotene, lutein, lycopene and mixed
carotenoids are available in the form of tablets
and capsules.

Beta-carotene as a single supplement should
not be recommended.
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Chitosan

Description

Chitosan is a fibre extracted from chitin, which
is a structural component of crustacean shells,
crabs, shrimps and lobsters. Chitin is de-
acetylated to produce chitosan.

Constituents

Chitosan is a polysaccharide containing numer-
ous acetyl groups.

Action

Chitosan binds fat molecules as a result of
its ionic nature. When taken orally, chitosan
has been reported to be able to bind 8–10
times its own weight in fat from food that has
been consumed. This prevents fat from being
absorbed and the body then has to burn stored
fat, which may lead to reductions in body fat
and body weight.

Possible uses

Weight loss
In mice treated with chitosan and given a high-
fat diet, chitosan prevented the increase in body
weight, hyperlipidaemia and fatty liver normally
induced by such a diet.1

In a randomised, placebo-controlled, double-
blind study, 34 overweight human volunteers
were given four capsules of chitosan or placebo
for 28 consecutive days. Subjects maintained
their normal diet and documented their food
intake. After 4 weeks of treatment, body mass
index, serum cholesterol, triglycerides, vitamin
A, D and E and beta-carotene were not signifi-
cantly different in the two groups. The results

suggest that chitosan in the dose given had no
effect on body weight in overweight subjects.
No serious adverse effects were reported.2

In another placebo-controlled, double-blind
study, 51 healthy obese women were given
chitosan 1200 mg twice a day for 8 weeks. No
reductions in weight were observed in any treat-
ment group. LDL cholesterol fell to a greater
extent in the chitosan group than the placebo
group, but there was no significant change in
HDL cholesterol and triglycerides were slightly
increased.3

A 24-week randomised, double-blind,
placebo-controlled trial involving 250 obese
women found that the chitosan group lost more
weight than the placebo group but the effects
were very small.4 A systematic review of 14
RCTs involving a total of 1071 participants
found that weight loss in high-quality studies
was less than in lower quality studies. The
review concluded that the effect of chitosan on
body weight is minimal and unlikely to be of
clinical significance.5

Chitosan reduced blood glucose and choles-
terol in an animal model of lean-type
non-insulin-dependent diabetes mellitus with
hypoinsulinaemia,6 but had no effect in an
animal model of obese-type NIDDM with
hyperinsulinaemia.7 The authors concluded that
chitosan could be a useful treatment for lean-
type NIDDM with hypoinsulinaemia.6 Two
recent double-blind RCTs in humans investi-
gating the effect of chitosan on plasma choles-
terol have shown conflicting results. One was
a Japanese study involving 90 women with
mild to moderate hypercholesterolaemia, which
found that chitosan significantly reduced choles-
terol although the effect was small.8 The second
was a Finnish study in 130 men and women
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with moderately increased plasma cholesterol,
which found that chitosan had no effect on the
concentrations of plasma lipids or glucose.9

Conclusion
Chitosan is promoted for weight loss, but
there have been few trials, and results have
been conflicting. Any effect of chitosan on
body weight is likely to be very small.
Chitosan has also been investigated for an
effect on plasma cholesterol, but the effects
are likely to be very small, if any.

Precautions/contraindications

Chitosan should be avoided in patients with
gastrointestinal malabsorption conditions.

Pregnancy and breast-feeding

No problems have been reported, but weight
loss should not be attempted during pregnancy.

Adverse effects

There are no long-term studies assessing the
safety of chitosan. However, chitosan may
reduce the absorption of fat-soluble vitamins (A,
D, E and K). This has been shown in animals,7

but not in humans.2,3

Interactions

None reported.

Dose

Chitosan is available in the form of tablets and
capsules.

The dose is not established. Dietary supple-
ments provide 1500–3000 mg per daily dose.
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Chlorella

Description

Chlorella is a single-celled freshwater alga.

Constituents

Chlorella is rich in chlorophyll. Manufacturers
claim that it is a source of amino acids, nucleic
acids, fatty acids, vitamins and minerals. How-
ever, content varies with conditions of growing,
harvesting and processing. Chlorella is claimed
to contain a unique substance called Chlorella
Growth Factor. The claimed nutrient content of
Chlorella is shown in Table 1.

Action

Chlorella may have antitumour and antiviral
activities, and may also be able to stimulate the
immune system, but these effects have not been
clarified in human studies.

Possible uses

Chlorella is promoted as a tonic for general
health maintenance; it is a useful source of
some nutrients (e.g. beta-carotene, riboflavine,
vitamin B12, iron and zinc; see Constituents).

In addition, Chlorella is claimed to be useful
in: accelerating the healing of wounds and
ulcers; improving digestion and bowel function;
stimulating growth and repair of tissues; slow-
ing down ageing; strengthening the immune sys-
tem; improving the condition of the hair, skin,
teeth and nails; treating colds and respiratory
infections; and removing poisonous substances
from the body. These claims are based largely
on anecdote; Chlorella has no proven efficacy
for these conditions.

Table 1 Claimed1 nutrient content of Chlorella

Nutrient per per typical % RNI2
100 g dose(3 g)

Protein (g) 66 2 –
Fat (g) 9 0.3 –
Carbohydrate (g) 11 0.3 –
Vitamin A (µg) 5500 165 28
(as beta-carotene)
Thiamine (mg) 2.0 0.06 8
Riboflavin (mg) 7.0 0.2 24
Niacin (mg) 30 0.9 6
Vitamin B6 (mg) 1.5 0.05 4
Vitamin B12 (µg) 134 4 270
Folic acid (µg) 25 0.75 0.4
Pantothenic acid (mg) 3.0 0.09 –
Biotin (µg) 190 6 –
Vitamin C (mg) 60 1.8 5
Vitamin E (mg) 17 0.5 –
Choline (mg) 270 8.1 –
Inositol (mg) 190 5.7 –
Calcium (mg) 500 15 2
Magnesium (mg) 300 9 3
Potassium (mg) 700 21 0.6
Phosphorus (mg) 1200 36 6.5
Iron (mg) 260 8 80
Zinc (mg) 70 2 26
Copper (µg) 80 2.4 0.2
Iodine (µg) 600 18 13

1 Reported on a product label.
2 Reference Nutrient Intake for men aged 19–50 years.

Preliminary evidence from an uncontrolled
study in 20 patients over a period of 2 months
showed that Chlorella supplementation may
help relieve the symptoms of fibromyalgia.1

However, the authors concluded that a larger,
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more comprehensive double-blind, placebo-
controlled trial in these patients is warranted.

Other preliminary evidence suggests that
Chlorella could help patients with brain
tumours to better tolerate chemotherapy and
radiotherapy. However, there appears to be no
effect on tumour progression or survival.2

Conclusion
There is insufficient reliable information to
recommend the use of Chlorella for any
indication.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

None reported, but Chlorella may provoke
allergic reactions.

Interactions

None reported, but Chlorella may contain
significant amounts of vitamin K. This could
inhibit the activity of warfarin and other anti-
coagulants.

Dose

Chlorella is available in the form of tablets,
capsules, liquid extracts and powder.

The dose is not established. Dietary supple-
ments provide 500–3000 mg of the intact
organism per daily dose.
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Choline

Description

Choline is associated with the vitamin B com-
plex; it is not an officially recognised vitamin.
Choline is a component of phosphatidylcholine
and an active constituent of dietary lecithin, but
the two substances are not synonymous.

Human requirements

Choline is an essential nutrient for several
mammalian organisms, but there is no agree-
ment over its essentiality as a vitamin for
humans. However, the US Food and Nutrition
Board of the National Institute of Medicine has
established a Dietary Reference Intake for adults
of 550 mg a day for men and 425 mg a day
for women, with lower amounts for children,
together with an upper intake level of 3.5 g daily
for adults over 18 years.

Dietary intake

Estimated dietary intake in the UK is 250–
500 mg daily. Choline can also be synthesised
in the body from phosphatidylethanolamine.

Action

Choline serves as a source of labile methyl
groups for transmethylation reactions. It func-
tions as a component of other molecules such
as the neurotransmitter acetylcholine, phos-
phatidylcholine (lecithin) and sphingomyelin,
structural constituents of cell membranes and
plasma lipoproteins, platelet activating factor
and plasmalogen (a phospholipid found in
highest concentrations in cardiac muscle
membranes).

Lecithin and sphingomyelin participate in
signal transduction,1 an essential process for
cell growth, regulation and function. Animal
studies suggest that choline or lecithin deficiency
may interfere with this critical process and that
alterations in signal transduction may lead to
abnormalities such as cancer and Alzheimer’s
disease.

Dietary sources

Choline is widely distributed in foods (mainly
in the form of lecithin). The richest sources
of choline are brewer’s yeast, egg yolk, liver,
wheatgerm, soya beans, kidney and brain. Oats,
peanuts, beans and cauliflower contain signifi-
cant amounts.

Metabolism

Absorption
Some choline is absorbed intact, probably
by a carrier-mediated mechanism; some is
metabolised by the gastrointestinal flora to
trimethylamine (which produces a fishy odour).

Distribution
Choline is stored in the brain, kidney and liver,
primarily as phosphatidylcholine (lecithin) and
sphingomyelin.

Elimination
Elimination of choline occurs mainly via the
urine.

Deficiency

Dietary choline deficiency occurs in animals,
and abnormal liver function, liver cirrhosis

65



66 Choline

and fatty liver may be associated with choline
deficiency in humans. Observations in patients
on total parenteral nutrition (TPN) have shown
a choline-deficient diet to result in fatty infil-
tration of the liver, hepatocellular damage and
liver dysfunction.2,3

Possible uses

As a precursor of acetylcholine, it has been
suggested that choline could increase the con-
centration of acetylcholine in the brain. It has
been suggested, therefore, that choline could
be beneficial in patients with disease related to
impaired cholinergic transmission (e.g. tardive
dyskinesia, Huntington’s chorea, Alzheimer’s
disease, Gilles de la Tourette, mania, mem-
ory impairment and ataxia). However, exper-
imental evidence suggests that oral choline
has no effect on choline metabolites in the
brain.4

Comparison of studies involving choline is
often complicated by lack of standardisation of
doses used. However, clinical trials with tardive
dyskinesia patients using choline have met with
some success.4–7

Choline has also been suggested to improve
performance in athletes. This idea arose because
of findings that plasma choline concentrations
were reduced in trained runners8 and athletes9

after sporting events. However, a double-blind
crossover study in 20 cyclists showed that
choline supplementation did not delay fatigue
during brief or prolonged exercise.10

Claims have been made for the value of
choline in the prevention of CVD, including
angina, atherosclerosis, hypertension, stroke
and thrombosis. However, scientific evidence
for these claims from RCTs is lacking.
Interest has recently focused on the potential
for choline (as a precursor of betaine) to
reduce plasma homocysteine. One crossover
study showed that phosphatidylcholine supple-
mentation (2.6 g choline daily for 2 weeks)
lowers fasting as well as post-methionine-
loading plasma homocysteine concentrations in
healthy men with mildly elevated homocys-
teine concentrations.11 Choline (in conjunction
with carnitine) supplementation has also been
shown to lower lipid peroxidation and promote

conservation of antioxidants (e.g. retinol and
alpha-tocopherol) in women.12

Choline has also been claimed to prevent
and/or treat Alzheimer’s disease, senile demen-
tia and memory loss. A Cochrane review of
14 studies found some evidence that cytidine-
diphosphocholine (CDP-choline) has a positive
effect on memory and behaviour at least in the
short to medium term, but evidence is limited
by the quality of the studies.13

Conclusion
Research on choline supplementation is lim-
ited and studies are generally very poorly
controlled. The limited research shows that
choline does not appear to improve athletic
performance. Very preliminary evidence
suggests choline might be beneficial in
poor memory and tardive dyskinesia, but
evidence is not sufficient to recommend
supplementation.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

Fishy odour; more severe symptoms relate to
excessive cholinergic transmission (doses of 10 g
daily or more) and include diarrhoea, nausea,
dizziness, sweating, salivation, depression and a
longer P-R interval in electrocardiograms.

Interactions

None established.

Dose

Choline is available in the form of tablets and
capsules.
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The dose is not established. Dietary supple-
ments generally provide 250–500 mg per dose
(choline chloride provides 80% choline and
choline tartrate 50% choline).

References

1 Canty DJ, Zeisel SH. Lecithin and choline in human
health and disease. Nutr Rev 1994; 52: 327–339.

2 Sheard NF, Tayek JA, Bistrian BR, Blackburn
GL, Zeisel SH. Plasma choline concentration in
humans fed parenterally. Am J Clin Nutr 1986; 43:
219–224.

3 Zeisel SH, DaCosta KA, Franklin PD. Choline, an
essential nutrient for humans. FASEB J 1991; 5:
2093–2098.

4 Davis KL, Berger PA, Hollister LE. Choline for
tardive dyskinesia. N Engl J Med 1975; 293:
152–153.

5 Gelenberg AJ, Doller-Wojcik JC, Growdon JH.
Choline and lecithin in the treatment of tardive
dyskinesia: preliminary results from a pilot study.
Am J Psychiatr 1979; 136: 772–776.

6 Growdon JH, Hirsch MJ, Wurtman RJ, Wiener
W. Oral choline administration to patients with
tardive dyskinesia. N Engl J Med 1977; 297:
524–527.

7 Tamminga CA, Smith RC, Erickson SE, et al.
Cholinergic influences in tardive dyskinesia. Am J
Psychiatr 1977; 134: 769–774.

8 Conlay LA, Saboujian LA, Wurtman RJ. Exercise
and neuromodulators: choline and acetylcholine in
marathon runners. Int J Sports Med 1992; 13:
S141–142.

9 Von Allworden HN, Horn S, Kahl J, et al. The
influence of lecithin on plasma choline concentra-
tions in triathletes and adolescent runners during
exercise. Eur J Appl Physiol 1993; 67: 87–91.

10 Spector SA, Jackman MR, Sabounjian LA, et al.
Effect of choline supplementation on fatigue in
trained cyclists. Med Sci Sports Exerc 1995; 27:
668–673.

11 Olthof MR, Brink EJ, Katan MB, Verhoef P. Choline
supplemented as phosphatidylcholine decreases fast-
ing and postmethionine-loading plasma homocys-
teine concentrations in healthy men. Am J Clin Nutr
2005; 82: 111–117.

12 Sachan DS, Hongu N, Johnsen M. Decreasing
oxidative stress with choline and carnitine in women.
J Am Coll Nutr 2005; 24: 172–176.

13 Fioravanti M, Yanagi M. Cytidinediphosphocholine
(CDP-choline) for cognitive and behavioural distur-
bances associated with chronic cerebral disorders
in the elderly. Cochrane database, issue 2, 2005.
London: Macmillan.



Chondroitin

Description

Chondroitin is a natural physiological com-
pound that is synthesised endogenously and
secreted by the chondrocytes. It is found in joint
cartilage and connective tissue (including vessel
walls).

Constituents

Chondroitin is a mixture of high molecular
weight glycosaminoglycans and disaccharide
polymers composed of equimolar amounts of
d-glucuronic acid, d-acetylgalactosamine and
sulphates in 10–30 disaccharide units. (Glycos-
aminoglycans are the substances in which
collagen fibres are embedded in cartilage.)

Action

Chondroitin absorbs water, adding to the thick-
ness and elasticity of cartilage and its ability
to absorb and distribute compressive forces. It
also appears to control the formation of new
cartilage matrix, by stimulating chondrocyte
metabolism and synthesis of collagen and
proteoglycan. Chondroitin also inhibits degra-
dative enzymes (elastase and hyaluronidase),
which break down cartilage matrix and synovial
fluid, contributing to cartilage destruction and
loss of joint function.

Possible uses

Osteoarthritis
Chondroitin is claimed to be useful as a dietary
supplement in combination with glucosamine in
osteoarthritis and related disorders. Preliminary
evidence suggests that chondroitin reduces the

pain of osteoarthritis in the knee compared with
placebo.

In a multicentre, randomised, double-blind,
controlled study, involving 127 patients with
osteoarthritis of the knee, 40 were treated with
chondroitin sulphate oral gel 1200 mg daily,
capsules 1200 mg daily or placebo for 3 months.
Chondroitin (both formulations) significantly
improved subjective symptoms, including joint
mobility.1

In a randomised, double-blind, placebo-
controlled study, 80 patients with knee osteo-
arthritis participated in a 6-month study and
received either 2 × 400 mg chondroitin capsules
twice a day or placebo. Symptoms of joint pain
and time to perform a 20-metre walk were
significantly reduced in the treated group, and
there was a non-significant trend for the placebo
group to use more paracetamol.2

A 1-year, randomised, double-blind, con-
trolled pilot study included 42 patients with
symptomatic knee osteoarthritis. Patients were
treated orally with 800 mg chondroitin sulphate
or placebo. Chondroitin sulphate was well
tolerated and significantly reduced pain and
increased overall mobility. In addition, bone
and joint metabolism stabilised in the treated
patients, but not in those on placebo.3

A meta-analysis that included seven trials
of 372 patients taking chondroitin found that
over 120 or more days, chondroitin was signifi-
cantly superior to placebo with respect to the
Lesquesne index and pain rating on a visual
analogue scale (VAS). Pooling the data con-
firmed these results, and showed at least 50%
improvement in the treated versus the placebo
patients. The authors concluded that further
investigations using larger cohorts of patients
for longer time periods were needed to prove
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the usefulness of chondroitin as a symptom-
modifying agent in osteoarthritis.4

A randomised, double-blind, double-dummy
study compared the efficacy of chondroitin
with diclofenac in 146 patients with knee
osteoarthritis. During the first month,
patients received either 3 × 50 mg diclofenac
tablets daily plus 3 × 400 mg placebo sachets,
or 3 × 400 mg chondroitin sachets daily plus
3 × 50 mg placebo tablets. From months two to
three, the diclofenac patients were given placebo
sachets alone, and the chondroitin patients were
given chondroitin sachets. Both groups were
treated with placebo sachets from months four
to six. The diclofenac group showed prompt
pain reduction, which disappeared after the
end of treatment. In the chondroitin group, the
therapeutic response appeared later, but lasted
for up to 3 months after the end of treatment.5

Chondroitin sulphate 1 g daily was in-
vestigated in a prospective, double-blind,
placebo-controlled, multicentre clinical study in
patients with femetotibial osteoarthritis. Treat-
ment continued for 3 months and there was a
3-month post-treatment period. There was a
trend towards efficacy, with good tolerability
after 3 months’ treatment, and persistent
efficacy 1 month post-treatment.6

Conclusion
Chondroitin appears to offer some pain
relief in osteoarthritis. However, studies con-
ducted so far have involved small numbers
of subjects and have been short. Further
research is required to establish the place of
chondroitin as a supplement for osteoarthri-
tis.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported but there have
not been sufficient studies to guarantee the
safety of chondroitin in pregnancy and breast-
feeding. Chondroitin is probably best avoided.

Adverse effects

There are no known serious side-effects. How-
ever, there are no long term studies assess-
ing the safety of chondroitin. Rarely, gastro-
intestinal effects and headache have been
reported. However, studies in animals have
found significantly decreased haematocrit,
haemoglobin, white blood cells and platelet
count, and the risk of internal bleeding has
been suggested.7 However, there are no reports
of bleeding as a result of chondroitin use in
humans.

Interactions

Drugs
Anticoagulants: Theoretically, chondroitin
could potentiate the effects of anticoagulants.

Dose

Chondroitin is available in the form of capsules,
typically containing 250–750 mg, often in com-
bination with glucosamine. A review of two US
products containing chondroitin showed that
both had lower chondroitin levels than declared
on the labels; this was also found for six out of
13 glucosamine and chondroitin combination
products, all due to low chondroitin levels.8

The dose is not established. Manufacturers
tend to recommend 400–1200 mg daily.
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Chromium

Description

Chromium is an essential trace mineral.

Human requirements

In the UK, no Reference Nutrient Intake or
Estimated Average Requirement has been set.
A safe and adequate intake is, for adults, 50–
400 µg daily; for children and adolescents, 0.1–
1.0 µg/kg daily.

In the USA, the Adequate Intake (AI) for men
(19–50 years) is 35 µg daily and for women (19–
50 years) is 25 µg daily. For those aged over 51,
the AI is 30 µg daily for men and 20 µg daily for
women.

Dietary intake

In the UK, the average adult diet provides 13.6–
47.7 µg daily.

Action

Chromium functions as an organic complex
known as glucose tolerance factor (GTF), which
is thought to be a complex of chromium,
nicotinic acid and amino acids. It potentiates
the action of insulin and thus influences carbo-
hydrate, fat and protein metabolism. Chromium
also appears to influence nucleic acid synthesis
and to play a role in gene expression.

Dietary sources

Wholegrain cereals (including bran cereals),
brewer’s yeast, broccoli, processed meats and
spices are the best sources. Dairy products and
most fruits and vegetables are poor sources.

Metabolism

Absorption
Chromium is poorly absorbed (0.5–2% of
intake); absorption occurs in the small intestine
by mechanisms that have not been clearly elu-
cidated, but which appear to involve processes
other than simple diffusion.

Distribution
Chromium is transported in the serum or
plasma bound to transferrin and albumin. It is
widely distributed in the tissues.

Elimination
Absorbed chromium is excreted mainly by the
kidneys, with small amounts lost in hair, sweat
and bile.

Bioavailability

Absorption of chromium is increased by
oxalate and by iron deficiency, and reduced by
phytate. Diets high in simple sugars (glucose,
fructose, sucrose) increase urinary chromium
losses. Absorption is also increased in patients
with diabetes mellitus, and depressed in the
elderly. Stress and increased physical activity
appear to increase urinary losses.

Deficiency

Gross chromium deficiency is rarely seen in
humans, but signs and symptoms of marginal
deficiency include: impaired glucose intoler-
ance, fasting hyperglycaemia, raised circulat-
ing insulin levels, glycosuria, decreased insulin
binding, reduced number of insulin receptors,
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elevated serum cholesterol, elevated serum
triglycerides, and central and peripheral
neuropathy.

Possible uses

Because of its effects on insulin, chromium has
been investigated for a potential role in diabetes
mellitus, and it has also been promoted for body
building in athletes. It has also been investigated
for a potential role in cholesterol lowering and
reducing the risk of CVD.

Diabetes mellitus
Chromium deficiency may result in insulin
resistance,1 although other researchers have
concluded that low-chromium diets have no
effect on either insulin or blood glucose.2

Chromium supplementation may improve gly-
caemic control in some patients with type
1 and 2 diabetes and gestational diabetes,
but relatively high doses (e.g. 1000 µg daily)
may be needed. Serum lipid fractions may
also be reduced by chromium in patients with
diabetes.

Chromium picolinate (200 µg three times a
day) reduced glycosylated haemoglobin in a
woman with type 1 diabetes mellitus, and the
patient also reported improved blood glucose
values.3 Chromium picolinate (200 µg daily)
increased insulin sensitivity in patients with
type 1 and type 2 diabetes, allowing for a
reduction in dose of insulin or hypoglycaemic
drugs without compromising glucose control.4

Steroid-induced diabetes was improved after
supplementation with chromium 200 µg three
times a day, and chromium 200 µg daily was
sufficient to maintain normal blood glucose
thereafter.5

In a double-blind, placebo-controlled trial,
180 patients with type 2 diabetes were ran-
domised to receive 250 µg chromium twice a
day, 100 µg chromium twice a day, or placebo.
After 2 months, glycosylated haemoglobin lev-
els were significantly lower in the high-dose
chromium group and after 4 months were
lower in both chromium groups compared with
placebo. Fasting and 2-hour insulin levels were
significantly lower in both chromium groups
at 2 and 4 months, but significantly lower

glucose values and lower plasma cholesterol
were found only in the high-dose chromium
group.6

In a prospective, double-blind, placebo-
controlled, crossover study in 28 subjects with
type 2 diabetes, serum triglycerides were signifi-
cantly reduced by chromium (200 µg daily for
2 months).7 However, there was no change
in fasting glucose, or plasma LDL or HDL
levels.

In a double-blind, placebo-controlled,
crossover study, 78 patients with type 2
diabetes in Saudi Arabia received in random
order brewer’s yeast (23 µg chromium) and
200 µg chromium from chromium chloride
for 4 weeks each. Mean HDL cholesterol and
serum and urinary chromium were all raised
by chromium intake. After each chromium
phase, mean drug dosage tended to decrease,
but was not significant except in the case
of glibenclamide. There was no change in
dietary intakes or body mass index. Overall,
brewer’s yeast was associated with better
chromium retention and more positive effects
than chromium chloride.8

Supplementation of nicotinic acid together
with chromium may increase its effectiveness. In
a study involving 16 healthy elderly volunteers,
neither chromium 200 µg daily nor nicotinic
acid 100 mg daily affected fasting glucose or
glucose tolerance. However, chromium admin-
istered with nicotinic acid resulted in a 15%
decrease in the area under the glucose curve and
a 7% decrease in fasting glucose.9

A systematic review and meta-analysis of
15 RCTs involving 618 participants, of whom
193 had type 2 diabetes and 425 were in
good health or had impaired glucose tolerance,
showed that there was no effect of chromium
on glucose or insulin concentrations in non-
diabetic subjects and the data for people with
diabetes were inconclusive. Only one of the
studies in the meta-analysis, involving 155
subjects in China, showed that chromium
reduced glucose and insulin concentrations and
HbA1c.10

Further studies have investigated other
potential effects of chromium in patients with
diabetes. Chromium supplementation has been
found to minimise increased oxidative stress
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in type 2 diabetes mellitus patients with high
HbA1c levels.11 Chromium supplementation
(400 or 800 µg) improved glucose tolerance in
10 out of 13 subjects in a randomised crossover
study.12 Short-term chromium supplementation
(1000 µg) has also been found to shorten
QTc interval in patients with type 2 diabetes
mellitus.13

A US review concluded that there is little
evidence that chromium has any value in glucose
metabolism in those without type 2 diabetes,
or on weight loss. The review also suggested
that it may have a value in type 2 diabetes but
this is still to be established. Another conclusion
was that there is some evidence that chromium
added to total parenteral nutrition (TPN) solu-
tions may reduce the risk of hyperglycaemia in
patients receiving this therapy.14

Obesity
In some controlled human studies, chromium
has been reported to reduce body fat15,16 and
increase fat-free mass,17 but to have no effect
in others.18 A meta-analysis of 10 trials found
that chromium picolinate had a favourable
effect on body weight. However, sensitivity
analysis suggested that this effect is largely
dependent on the results of a single trial. The
authors concluded that the effect of chromium
is likely to be small and its clinical relevance
debatable.19

Body-building
Chromium supplements are claimed to influ-
ence body composition during body-building
programmes, although there is little evidence
for this. In a study involving 36 men on a
weight-training programme, chromium supple-
mentation had no effect on strength, fat-free
mass or muscle mass.20 Chromium picolinate
(200 µg a day) did not alter body fat, lean body
mass and skin-fold thickness in untrained young
men on an exercise programme.21 Neither body
composition nor strength changed as a result of
chromium picolinate supplementation (200 µg
daily) in football players during a 9-week
training programme.22 Young women on a
weight-training programme taking chromium
picolinate (200 µg daily for 12 weeks) gained
significantly more weight than those taking

a placebo, and there was a non-significant
increase in lean body mass.23 However, there
were no effects on body composition or strength
in the young men on the same programme. In
moderately obese women placed on an exercise
programme, 12 weeks of chromium supple-
mentation (400 µg daily) did not significantly
affect body composition, resting metabolic
rate, plasma glucose, serum insulin, plasma
glucagons, serum C-peptide and serum lipid
concentrations.24

Cardiovascular disease
Chromium supplements have been claimed to
reduce serum cholesterol levels, and there is
some evidence for this.

Two placebo-controlled trials, one in 76
men on beta-blockers (a double-blind study),25

the other in 76 patients with atherosclerosis
(not blinded),26 showed a significant increase
in serum HDL cholesterol with chromium
(300 µg daily in the first study, 200 µg daily
in the second). In a double-blind, placebo-
controlled, crossover study in 28 healthy
subjects,27 chromium supplementation (200 µg
daily) resulted in a statistically significant
reduction in total and LDL cholesterol. HDL
was not raised significantly, although apolipo-
protein A-1 (the principal protein in A-1) was
increased.

Depression
Patients with depression may respond to
chromium. In a double-blind RCT, 113 adults
with atypical depression, most of whom were
obese, were randomised to receive 600 µg of
elemental chromium or placebo. Chromium
produced an improvement in carbohydrate
craving and appetite increase and diurnal varia-
tion in feelings. The results suggested that the
main benefit of chromium was in depressed
patients with high carbohydrate craving. The
authors concluded that further research is
needed in depressed patients specifically selected
for symptoms of increased appetite and carbo-
hydrate craving.28
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Conclusion
Preliminary evidence suggests that
chromium may improve insulin resistance
and glucose control in diabetes, although
not all studies have reached this conclusion.
Preliminary evidence also suggests that
chromium may improve serum lipid levels.
However, there is no good evidence that
chromium reduces body weight or body
fat. Despite claims made for chromium in
sports, there is no evidence that it has body-
building effects in athletes. Preliminary
evidence suggests that chromium may be
helpful in depression with carbohydrate
craving.

Precautions/contraindications

Chromium supplements containing yeast should
be avoided by patients taking monoamine oxi-
dase inhibitors. Patients with diabetes mellitus
should not take chromium supplements unless
medically supervised (chromium may potentiate
insulin).

Pregnancy and breast-feeding

No problems reported at normal intakes.

Adverse effects

Oral chromium, particularly trivalent
chromium (the usual form in supplements),
is relatively non-toxic and unlikely to induce
adverse effects. However, in 2003, the report
of the Expert Group on Vitamins and Minerals
(EVM) noted that there was some evidence
suggesting that chromium picolinate might
be genotoxic (i.e. it could damage DNA). In
the light of this, the Food Standards Agency
advised that consumers who wished to take
chromium supplements should use other types
of supplements until specialist advice had been
received from the Committee on Mutagenicity
(COM). The COM reviewed the evidence and
recommended more research. On the basis
of this research the COM concluded that the

balance of evidence suggested that chromium
picolinate was not genotoxic.

Industrial exposure to high amounts of
chromate dust is associated with an increased
incidence of lung cancer and may cause allergic
dermatitis and skin ulcers. The hexavalent form
(not found in food or supplements) can cause
renal and hepatic necrosis.

Interactions

Drugs
Insulin: may reduce insulin requirements in
diabetes mellitus (monitor blood glucose).
Oral hypoglycaemics: may potentiate effects of
oral hypoglycaemics.

Dose

Chromium is available in the form of chromium
picolinate, chromium nicotinic acid, chromium
chloride or as an organic complex in brewer’s
yeast. It is available in tablet and capsule
form and is present in multivitamin/mineral
preparations.

The dose is not established. Studies have
been conducted with 200–500 µg elemental
chromium daily. Dietary supplements provide,
on average, 200 µg in a daily dose.
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Coenzyme Q

Description

Coenzyme Q is a naturally-occurring enzyme
cofactor found in the mitochondria of the body
cells.

Nomenclature

Several types of coenzyme Q have been iden-
tified and numbered from zero upwards. The
variety found in human tissue is coenzyme Q10
(ubiquinone) and so is the term used here.

Action

Coenzyme Q10 has the following functions:
� It is involved in electron transport and sup-

ports the synthesis of adenosine triphosphate
(ATP) in the mitochondrial membrane.

� It plays a vital role in intracellular energy
production.

� It is a fat-soluble antioxidant that helps to
stabilise cell membranes, preserving cellular
integrity and function. It also helps to regen-
erate vitamin E to its antioxidant form.

� It is essential for normal myocardial function.
� It has immunostimulant activity.
� It may be obtained from the diet or a

food supplement, but it is also produced
endogenously.

Dietary sources

Meat and fatty fish products are the most con-
centrated sources, although smaller quantities
are found in wholegrain cereals, soya beans,
nuts and vegetables, particularly spinach and
broccoli. The relative importance of endogenous
synthesis and dietary intake to coenzyme Q10

status has not been established. Coenzyme Q10
is also found in a number of food supplements,
either as the sole active ingredient or in combi-
nation with vitamins and/or minerals, especially
magnesium.

Metabolism

Absorption of coenzyme Q10 from the diet or
a supplement occurs in the small intestine and
is influenced by the presence of food and drink.
It is better absorbed in the presence of a fatty
meal. After absorption, it is transported to the
liver where it is incorporated into lipoproteins
and bound principally to VLDL and LDL
cholesterol. It is then concentrated in the tissues.
One study found that coenzyme Q10 from
both foods and supplements significantly raised
serum concentrations.1

Coenzyme Q10 is produced endogenously
from tyrosine within all cells of the body,
but specifically in the heart, liver, kidney and
pancreas, where it plays an indispensable role
in intracellular energy production. Several co-
factors are involved in its synthesis, including
riboflavin, pyridoxine, folic acid, vitamin B12,
niacin, pantothenic acid and vitamin C. The
ability to synthesise coenzyme Q10 decreases as
people get older. The concentration of coen-
zyme Q10 in human tissue appears to be related
to age, peaking at age 20 and declining after
that.2

Deficiency

Because coenzyme Q10 is not an essential nutri-
ent in the same way as a vitamin or mineral,
no Dietary Reference Values or RDAs have
been established. However, there is increasing
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speculation based on serum and/or biopsy
samples that certain signs and symptoms are
associated with a lack of coenzyme Q10.

Deficiency has been linked to:

� CHF3

� ischaemic heart disease4

� cardiomyopathy5

� hypertension4

� use of HMG-CoA reductase inhibitors6

� hyperthyroidism7

� breast cancer.8

Whether the observed lack of coenzyme Q10
in these conditions is a true deficiency that
contributes to the development of the disease or
is caused by the disease itself is unclear. In heart
failure, those with the most advanced disease
have lower coenzyme Q10 levels than those with
less advanced disease.9 Low serum coenzyme
Q10 levels are also associated with a significant
risk of heart failure or increased mortality.10

Deficiency may occur as a result of:

� Inadequate intake or production, particularly
if requirements are increased because of
disease.

� Inadequate production caused by older age
or by deficiencies of nutrients required for its
synthesis.

� Genetic or acquired defects in synthesis or
metabolism.

� Interactions with medicines. Beta-blockers,
clonidine, gemfibrozil, hydralazine, hydro-
chlorothiazide, methyldopa, statins and
tricyclic antidepressants may reduce levels of
coenzyme Q10.

Possible uses

Cardiovascular disease
The potential role of coenzyme Q10 in CVD
has been studied over more than 30 years.
Studies increasingly look at its role in specific
cardiovascular conditions but an open study
in 424 patients published in 1994 indicated
that coenzyme Q10 supplementation may have
benefits in cardiac function in patients with
a range of cardiovascular disorders, including
ischaemic cardiomyopathy, dilated cardio-
myopathy, primary diastolic dysfunction,

hypertension, valvular heart disease and mitral
valve prolapse.11

Congestive heart failure
There is substantive evidence suggesting a role
for coenzyme Q10 in CHF. Oxidative stress is
believed to play a role in the aetiology of CHF.
It has been suggested that low coenzyme Q10
levels found in patients with CHF contribute to
the disease while supplementation with prepa-
rations that include coenzyme Q10 may produce
an improvement.3

A double-blind, placebo-controlled study
investigated 322 patients with CHF who were
randomly assigned to receive 2 mg coenzyme
Q10/kg daily or a placebo for 1 year. The
number of episodes of pulmonary oedema or
cardiac asthma was significantly fewer in the
intervention group than the placebo group.
The supplemented patients also had fewer
hospitalisations.12 A meta-analysis of eight clin-
ical trials of coenzyme Q10 in patients with
CHF found that supplemental treatment of CHF
was significant, with significant improvement in
stroke volume, ejection fraction, cardiac output,
cardiac index and diastolic volume index.13

Not all clinical trials have produced positive
results. In a double-blind, placebo-controlled,
crossover study, 30 patients with chronic left
ventricular dysfunction were randomised to
receive coenzyme Q10 or a placebo for 3 months
each. Plasma levels of coenzyme Q10 increased
to more than twice baseline values, but there
were no significant differences between treat-
ments in left ventricular ejection fraction, car-
diac volumes, haemodynamic indices or quality
of life measures.14 In another RCT, 55 patients
with CHF were randomly assigned to receive
200 mg coenzyme Q10 or a placebo daily for
6 months. Patients receiving the supplement
had higher serum concentrations of coenzyme
Q10, but there were no differences in cardiac
performance, peak oxygen consumption and
exercise duration between the treated group and
the placebo group.15

Angina
Coenzyme Q10 levels tend to be low in patients
with ischaemic heart disease and several clinical
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trials have been conducted in patients with
angina. Overall, coenzyme Q10 appears to delay
onset of angina and increases patients’ stamina
on a treadmill. In one RCT, 144 patients with
acute myocardial infarction were given 120 mg
coenzyme Q10 or a placebo daily for 28 days,
starting within 3 days of the heart attack. There
was a significant improvement in angina pec-
toris, total arrhythmias and poor left ventricular
function in the intervention group. Total car-
diac events, including cardiac deaths and non-
fatal infarction were also significantly lower
in the supplemented group than the placebo
group.16

Hypertension
Coenzyme Q10 has been investigated for hyper-
tension both as a stand-alone treatment and
as an adjunct to conventional anti-hypertensive
medication. In one randomised double-blind
study involving 83 patients, an oral dose of
60 mg taken twice a day over 12 weeks was
found to produce a mean reduction in systolic
blood pressure of 17.8 ± 7.3 mmHg.17 Another
double-blind study in 59 patients with hyper-
tension found that adding 120 mg coenzyme
Q10 daily to existing anti-hypertensive medica-
tion causes an additional reduction in systolic
and diastolic blood pressure after 8 weeks’
treatment.18

Cardiac surgery
Studies have looked at the use of coenzyme
Q10 supplements before cardiac surgery.
Oral supplementation with coenzyme Q10 for
2 weeks before cardiac surgery has been shown
to improve post-operative heart function and
shorten hospital stays.19 However, supple-
mentation with 600 mg coenzyme Q10 12 h
before surgery did not improve myocardial
protection in patients undergoing coronary
revascularisation.20

Exercise performance
Coenzyme Q10 is essential in energy metabolism
and has therefore been investigated for athletic
performance. Controlled trials using doses of
60–150 mg daily over 28 days to 8 weeks have
generally shown no improvements in physical

performance. However, in one double-blind
crossover trial, there were positive results on
both objective and subjective parameters of
physical performance. In this study, 94% of
athletes felt that coenzyme Q10 improved their
performance and recovery times compared with
33% taking a placebo.21

Parkinson’s disease
Studies suggest that oxidative damage, inflam-
mation and mitochondrial impairment may
play a role in the aetiology of Parkin-
son’s disease.22 In a multicentre, randomised,
placebo-controlled, double-blind study compar-
ing three different doses of coenzyme Q10 (300,
600, and 1200 mg) in 80 patients with early
Parkinson’s disease, significant improvements
were reported after 9 months in the group taking
1200 mg daily.23

Huntington’s chorea
A randomised double-blind study involving 347
patients with early Huntington’s chorea showed
that a dose of coenzyme Q10 600 mg daily
taken over 30 months produced a trend towards
slow decline and beneficial improvements in
some parameters. However, changes were not
significant.24

Cancer
Observational studies of women diagnosed with
breast cancer have reported reduced blood
coenzyme Q10 concentrations. There have also
been several case reports of remissions or partial
remissions in patients with tumours. However,
there are no controlled studies to show the
effectiveness of coenzyme Q10 in cancer.

Migraine
An open trial investigated the effects of
coenzyme Q10 150 mg daily for 3 months in
32 individuals with a history of migraine.
Coenzyme Q10 was associated with a significant
reduction in both the frequency of attacks and
the number of days with migraine.25
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Conclusion
Results from preliminary studies with co-
enzyme Q10 suggest that it may help
improve symptoms of CHF, and may help
to protect against myocardial infarction.
Studies in angina and hypertension are
inconclusive. Studies conducted so far do
not justify the use of coenzyme Q10 in can-
cer, athletes and sports people and AIDS,
though some of the preliminary research
justifies more rigorous trials to investigate
potential benefits. Preliminary evidence from
the use of coenzyme Q10 in Parkinson’s
disease is promising. However, there is
insufficient evidence to make definite recom-
mendations for coenzyme Q10 as a dietary
supplement.

Pregnancy and breast-feeding

Safety in pregnancy has not been established.

Adverse effects

Coenzyme Q10 seems to be safe and relatively
well tolerated in doses of 10–200 mg daily.
There are occasional reports of gastrointestinal
discomfort, dizziness and skin rash, but these
tend to occur with doses > 200 mg daily.

Interactions

Drugs
Statins: Simvastatin, pravastatin and lovastatin
reduce endogenous synthesis of coenzyme Q10.6

The mechanism of action of statins is inhi-
bition of HMG-CoA reductase. Inhibition of
this enzyme appears to inhibit the intrinsic
biosynthesis of coenzyme Q10 at the same time.
This reduces coenzyme Q10 concentrations, so
constituting a new risk for CVD. Supplemen-
tation may increase levels without adversely
affecting drug efficacy.
Warfarin: Case reports suggest that coenzyme
Q10 may decrease international normalised ratio
(INR) in patients previously stabilised on anti-
coagulants. However, a double-blind crossover
study in 24 patients on long-term warfarin

found that oral coenzyme Q10 100 mg daily had
no significant effect on INR or warfarin levels.26

In patients on warfarin, high doses of coenzyme
Q10 should be used with caution.

Coenzyme Q10 should not be used to
treat cardiovascular disorders without medical
supervision.

Dose

Coenzyme Q10 is sold in capsules and tablets in
strengths of 10–150 mg. Doses used in studies
investigating CVD and prevention of migraine
have ranged from 100 to 150 mg daily. How-
ever, higher doses have been used in angina
(150–600 mg daily) and Parkinson’s disease
(up to 1200 mg daily). Doses used to prepare
for heart surgery have varied between 30 and
100 mg daily for 1–2 weeks before surgery and
a month afterwards.

People who wish to try coenzyme Q10 for
cardiovascular conditions or migraine preven-
tion should be advised it may take 10–12 weeks
to have an effect. However all patients with
cardiovascular conditions should take medical
advice before taking coenzyme Q10.
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Conjugated linoleic acid

Description

Conjugated linoleic acid (CLA) is a naturally
occurring polyunsaturated fatty acid. Nine dif-
ferent isomers of CLA have been identified, and
their double bonds are conjugated at carbons 9
and 11 or 10 and 12 in the cis and trans config-
uration. CLA is found in low concentrations in
blood and tissues, although the body does not
synthesise CLA endogenously. CLA is readily
absorbed from food and supplements.

Dietary sources

CLA is present in small quantities in many
foods, especially beef and dairy produce.
Cooking has been shown to increase the CLA
content of meat. Changes in the way beef and
dairy animals have been reared in the last
decades have reduced the amount of CLA in the
diet.

Action

CLA is essential for the delivery of dietary fat
into cells. It transports glucose into cells, and
helps glucose to be used to provide energy and
build muscle rather than being converted to fat.
It is this effect that lies behind the claims that
CLA is useful for promoting weight loss. CLA
is also an antioxidant and enhances the immune
system.

Possible uses

CLA is being marketed for loss of body weight,
and is also being investigated for prevention of
cancer.

Body weight and energy expenditure
CLA is being promoted for control of body
weight, and early evidence from animal studies
was promising. In mice, CLA has been shown to
reduce fat accumulation and increase protein ac-
cumulation without any change in food intake,1

to reduce energy intake, increase metabolism
and reduce body fat,2 to reduce body fat and
increase lean body mass without affecting body
weight,3 and to reduce body fat and increase
energy expenditure.4

Human clinical data are now appearing in
the literature, but with somewhat conflicting
results. A 12-week randomised double-blind
study including 60 overweight or obese vol-
unteers given various doses of CLA from 1.7
to 6.8 g daily found that CLA was associated
with a significantly higher reduction in body fat
mass than placebo. The reduction in body fat
was significant for the groups taking 3.4 and
6.8 g CLA.5 A 4-week double-blind RCT in 25
obese men aged 39–64 with metabolic disorder
found that CLA 4.2 g daily was associated with
a significant reduction in abdominal fat but with
no concomitant effects on overall obesity and
other cardiovascular risk factors.6

A Dutch RCT in 54 men and women involved
subjects being put on a very low-calorie diet
(2.1 MJ/day) for 3 weeks, followed by 13 weeks
on either low- or high-dose CLA (1.8 or 3.6 g
daily) or placebo. Weight regain after the
low-calorie diet was not significantly different
between the active and placebo groups, but
subjects on CLA did gain a significantly greater
proportion of that weight as fat-free mass (4.6%
vs 3.4%). The effect was similar for the low- and
high-dose CLA.7 As part of this study, appetite
and food intake was also measured. Appetite
(hunger, satiety and fullness) was favourably,
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dose-dependently affected by consumption of
both 1.8 and 3.6 g CLA daily. However, this
did not affect energy intake at breakfast and did
not improve body weight maintenance.8

A 12-month study investigated the effect of
CLA in 180 healthy overweight adults. Body
fat mass was significantly reduced in the CLA
groups.9 As part of the same study, 134 of the
participants were included in an open study for
a further 12 months to evaluate the safety of
CLA and assess its effect on body composition.
The extended study found that CLA 3.4 g daily
decreases body fat mass and may help maintain
initial reductions in body fat mass and weight
in the long term. The supplement was well
tolerated.10

CLA has also been investigated in people
who are exercising. A human study showed that
5.6–7.2 g of CLA daily produced non-significant
gains in muscle size and strength in experienced
and inexperienced training men.11 A double-
blind 12-week RCT in 20 healthy people with
body mass index <25 who did standardised
exercise in a gym for 90 min three times weekly
found that CLA 1.8 g daily reduced body fat but
not body weight.12 A further study investigated
the effect of CLA 6 g daily in 23 resistance-
trained subjects. Results showed some statistical
trends, but CLA did not significantly affect
changes in total body mass, percentage body
fat, bone mass or fat-free mass, indicating that
CLA does not appear to possess significant ergo-
genic value for experienced resistance-trained
athletes.13

There is some evidence that a specific isomer
of CLA may be the bioactive component in
relation to weight change. A US study in 21
adults with type 2 diabetes found that a CLA
mixture of predominantly two isomers (c911t
and t10c12) resulted in an increase in plasma
CLA that was inversely correlated with body
weight and serum leptin levels. However, these
significant correlations were only seen with the
t10c12-CLA.14

Atherosclerosis
Animal research suggests an effect of CLA sup-
plementation on preventing atherosclerosis,15,16

but one study has shown that CLA does not
produce beneficial lipid profiles.17 One human

study in 17 healthy female volunteers found
that CLA 3.9 g daily for 2 months did not
alter blood cholesterol or lipoprotein levels.18

In the same study, there were no effects of CLA
on blood coagulation and platelet function.19

Another human RCT in 51 normolipidaemic
patients found that an isomeric blend of CLA
significantly reduced plasma triglycerides and
VLDL cholesterol concentrations.20

Insulin sensitivity
Based on preliminary work in animals,21 there
has been some hope that CLA could improve
insulin resistance. An 8-week Canadian RCT in
16 normal weight, healthy young adults living a
sedentary lifestyle found that an isomeric blend
of CLA 4 g daily significantly improved insulin
sensitivity by 27% compared with the control
group. Insulin sensitivity improved in six out of
10 of the treated group while two deteriorated
and two had no change.22

An Irish RCT in 32 overweight diabetic sub-
jects found the opposite. Treatment consisted of
8 weeks of either placebo or an isomeric blend of
CLA (3 g daily). CLA produced a 6.3% signif-
icant increase in fasting glucose concentration
and a reduction in insulin sensitivity.23 Two
further studies from the same research group
found that both of the common CLA isomers
have a negative effect on insulin resistance in
obese non-diabetics.24,25

Cancer
Preliminary evidence from in vitro work and
animals suggests that CLA may reduce the risk
of cancer,26–28 but other studies have not con-
firmed this.29 Linoleic acid itself has been shown
to promote tumorigenesis in some studies.

Miscellaneous
Based on findings in experimental animals and
cells in culture that CLA can positively influence
calcium and bone metabolism, research is now
being conducted in humans. However, one
double-blind RCT in 60 healthy adult men aged
39–64 found that CLA 3 g daily for 6 weeks
had no significant effect on markers of bone
formation or bone resorption or on serum or
urinary calcium levels.30
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CLA has also been investigated for effects on
immune function. One study in humans found
that CLA supplementation results in a dose-
dependent reduction in mitogen-induced T-
lymphocyte activation,31 while a further study
showed that CLA had a minimal effect on the
markers of human immune function.32

Conclusion
Studies in animals suggest that CLA reduces
body fat and increases lean body mass.
Human clinical data are conflicting, with
only limited evidence that CLA can influence
lean body mass. CLA may also increase
insulin resistance and overweight people
are likely to be those with insulin resis-
tance. Animal studies suggest that CLA may
have beneficial effects on atherosclerosis,
bone metabolism and immune function, but
preliminary human studies have not
demonstrated such beneficial effects.

Precautions/contraindications

Until more is known, caution should be exer-
cised in the use of CLA supplements because
of potential problems with insulin resistance.
Although this is not proven, people likely to
use CLA will be overweight and most likely to
suffer from insulin resistance.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of CLA in pregnancy and breast-feeding.

Adverse effects

No known toxicity or side-effects, apart from
one report of gastrointestinal side-effects. How-
ever, there are no long-term studies assessing the
safety of CLA.

Interactions

None reported.

Dose

CLA is produced for supplements from sun-
flower oil and is available in the form of
capsules.

The dose is not established. Animal research
has used large doses, equivalent to several
grams a day for humans. However, dietary
supplements tend to provide a dose of 1–4 g
daily.
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Copper

Description

Copper is an essential trace mineral.

Human requirements

See Table 1 for Dietary Reference Values for
copper.

Dietary intake

In the UK, the average adult diet provides: for
men, 1.82 mg daily; for women, 1.31 mg.

Action

Copper functions as an essential component of
several enzymes (e.g. superoxide dismutase) and
other proteins. It plays a role in bone formation
and mineralisation, and in the integrity of the
connective tissue of the cardiovascular sys-
tem. Copper promotes iron absorption and is
required for the synthesis of haemoglobin. It is
involved in melanin pigment formation, choles-
terol metabolism and glucose metabolism. In
the central nervous system (CNS), it is required
for the formation of myelin and is important
for normal neurotransmission. Copper has pro-
oxidant effects in vitro but antioxidant effects
in vivo; there is accumulating evidence that
adequate copper is required to maintain anti-
oxidant effects within the body.1

Dietary sources

See Table 2 for dietary sources of copper.

Table 1 Dietary Reference Values for copper
(mg/day)

EU RDA = none

Age UK USA

RNI EVM
Safe
intake TUL

0–3 months 0.3 0.2 –
4–6 months 0.3 0.22 –
7–12 months 0.3 0.22 –
1–3 years 0.4 0.34 1.0
4–6 years 0.6 1.0–1.5 –
4–8 years – 0.44 3.0
7–10 years 0.7 – –
9–13 years – 0.7 5.0
14–18 years – 0.89 8.0

Males
11–14 years 0.8 – –
15–18 years 1.0 – –
19–50+ years 1.2 5 0.9 10.0

Females
11–14 years 0.8 – –
15–18 years 1.0 – –
19–50+ years 1.2 5 0.9 10.0
Pregnancy * 1.0 10.02

Lactation +0.3 1.01 10.02

* No increment.
1≤18 years, 1.3 mg.
2≤18 years, 8.0 mg.

Note: No EAR, LRNI or FAO/WHO RNIs have been derived for copper.

EVM = Safe upper level from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.
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Table 2 Dietary sources of copper

Copper content
Food portion (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.2
1 bowl Bran Flakes (45 g) 0.1
1 bowl muesli (95 g) 0.3
2 pieces Shredded Wheat 0.2
2 Weetabix 0.2
Cereal products
Bread, brown, 2 slices 0.1

white, 2 slices 0.1
wholemeal, 2 slices 0.2

1 chapati 0.1
Pasta, brown, boiled (150 g) 0.3

white, boiled (150 g) 0.1
Rice, brown, boiled (165 g) 0.5

white, boiled (165 g) 0.2
Meat
Meat, average, cooked (100 g) 0.2
Liver, lambs, cooked (90 g) 9.0

calf, cooked (90 g) 11.0
Kidney, lambs, cooked (75 g) 0.4
Vegetables
Chick peas, lentils, or red kidney

beans, cooked (105 g)
0.2

Potatoes, boiled (150 g) 0.1
Mushrooms, cooked (100 g) 0.4
Green vegetables (100 g) 0.02
Fruit
1 banana 0.3
1 orange 0.1
2 handfuls raisins 0.1
8 dried apricots 0.2
Nuts
20 almonds 0.2
10 Brazil nuts 0.4
30 hazelnuts 0.4
30 peanuts 0.3
Milk chocolate (100 g) 0.3
Plain chocolate (100 g) 0.7

Excellent sources (bold); good sources (italic).

Metabolism

Absorption
Copper is absorbed mainly in the small intestine,
with a small amount absorbed in the stomach;

absorption is probably by a saturable carrier-
mediated mechanism at low levels of intake, and
by passive diffusion at high levels of intake.

Distribution
Copper is rapidly taken up by the liver and
incorporated into caeruloplasmin. It is stored
primarily in the liver. Copper is transported
bound to caeruloplasmin.

Elimination
Elimination is mainly via bile into the faeces;
small amounts are excreted in the urine, sweat
and via epidermal shedding.

Bioavailability

Absorption may be reduced by phytate (present
in bran and high-fibre foods) and non-starch
polysaccharides (dietary fibre), but recom-
mended intakes of fibre-containing foods are
unlikely to compromise copper status.

Deficiency

Deficiency of copper is rare, but may lead to
hypochromic and microcytic anaemias, leuco-
penia, neutropenia, impaired immunity and
bone demineralisation. Deficiency may also be
caused by Menke’s syndrome (an X-linked
genetic disorder in which copper absorption
is defective); this disease is characterised by a
reduced level of copper in the blood, liver and
hair, progressive mental deterioration, defective
keratinisation of the hair and hypothermia.

Marginal deficiency may result in elevated
cholesterol levels, impaired glucose tolerance,
defects in pigmentation and structure of the
hair, and demyelination and degeneration of the
nervous system. In infants and children, copper
deficiency can lead to skeletal fragility and
increased susceptibility to infections, especially
those of the respiratory tract.

Copper deficiency has been linked to many
of the processes, including atherosclerosis and
thrombosis, associated with ischaemic heart
disease. Whether this relationship is important
in humans remains unanswered. More informa-
tion is required concerning possible mild copper
deficiency in human populations.
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Possible uses

Copper has been claimed to be protective
against hypercholesterolaemia. In various ani-
mal species, it has been demonstrated that feed-
ing a copper-deficient diet results in increased
serum cholesterol levels,1 but studies in humans
have shown inconsistent results.1–3 A recent
study in 16 young women (mean age 24 years)
found that copper supplementation 3 or 6 mg
daily improved copper status and that the
concentration of fibrinolytic factor plasmino-
gen activator inhibitor type 1 was significantly
reduced by about 30% after supplementation
with copper 6 mg daily.4

Claims for the value of copper supplements
in rheumatoid arthritis and psoriasis have not
been proved.

Conclusion
There are no proven benefits in taking
copper supplements unless there is a proven
deficiency, which should be treated under
medical supervision.

Precautions/contraindications

Copper should not be used in Wilson’s disease
(the disorder may be exacerbated); or hepatic
and biliary disease.

Pregnancy and breast-feeding

No problems have been reported with normal
intakes.

Adverse effects

With excessive doses (unlikely from supple-
ments): epigastric pain, anorexia, nausea, vom-
iting and diarrhoea; hepatic toxicity and jaun-
dice; hypotension; haematuria (blood in urine,
pain on urination, lower back pain); metallic
taste; convulsions and coma.

Copper toxicity may also occur in patients
with Wilson’s disease (an inherited disorder in
which patients exhibit a deficiency of plasma
caeruloplasmin and an excess of copper in the

liver and bloodstream). There is a theoretical
possibility of copper toxicity in women
who use copper-containing intrauterine contra-
ceptive devices (further studies required).

Interactions

Drugs
Penicillamine: reduces absorption of copper and
vice versa; give 2 h apart.
Trientine: reduces absorption of copper and vice
versa; give 2 h apart.

Nutrients
Iron: large doses of iron may reduce copper
status and vice versa; give 2 h apart.
Vitamin C: large doses of vitamin C (> 1 g daily)
may reduce copper status.
Zinc: large doses of zinc may reduce absorption
of copper and vice versa; give 2 h apart.

Dose

Copper supplements are available in the form
of tablets and capsules, but mostly they are
found in multivitamin and mineral supplements.
The copper content of various commonly used
salts is: copper amino acid chelate (20 mg/g);
copper gluconate (140 mg/g); copper sulphate
(254 mg/g).

There is no established use or dose for copper
as an isolated supplement.

Upper safety levels

The UK Expert Group on Vitamins and Min-
erals (EVM) has identified a safe total intake
of copper for adults from supplements alone of
5 mg daily.

The US Tolerable Upper Intake Level (UL)
for copper, the highest total amount from diet
and supplements unlikely to pose no risk for
most people, is 10 mg daily for adults, 8 mg
daily for youngsters aged 14–18, 5 mg daily for
youngsters aged 9–13, 3 mg daily for children
aged 4–8, and 1 mg daily for children aged 1–3.



88 Copper

References

1 Klevay LM, Inman L, Johnson LK, et al. Increased
cholesterol in plasma in a young man during
experimental copper depletion. Metabolism 1984;
33: 1112–1118.

2 Medeiros D, Pellum L, Brown B. Serum lipids and
glucose as associated with haemoglobin levels and
copper and zinc intake in young adults. Life Sci
1983; 32: 1897–1904.

3 Shapcott D, Vobecky JS, Vobecky J, Demers PP.
Plasma cholesterol and the plasma copper/zinc ratio
in young children. Sci Total Environ 1985; 42:
197–200.

4 Bugel S, Harper A, Rock E, et al. Effect of copper
supplementation on indices of copper status and
certain CVD risk markers in young healthy women.
Br J Nutr 2005; 94: 231–236.



Creatine

Description

Creatine is an amino acid synthesised from
the amino acid precursors arginine, glycine
and methionine. The kidneys use arginine and
glycine to make guanidinoacetate, which the
liver methylates to form creatine. The highest
concentrations of creatine are found in skeletal
muscle, but high concentrations are also found
in heart and smooth muscle, as well as brain,
kidney and spermatozoa.

Action

Creatine combines readily with phosphate to
form creatine phosphate, which is a source of
high-energy phosphate that is released during
the anaerobic phase of muscle contraction. The
phosphorus from creatine phosphate is trans-
ferred to adenosine diphosphate (ADP), creating
adenosine triphosphate (ATP) and releasing
creatine. Stored creatine phosphate can fuel the
first 4–5 s of a sprint, but another fuel must
provide the energy to sustain the activity.

Creatine supplements increase the storage
of creatine phosphate, thus making more ATP
available for the working muscles and enabling
them to work harder before becoming fatigued.
There appears to be an upper limit for cre-
atine storage in muscle, and supplementation
increases levels most in athletes with low stores
of creatine, rather than those with high levels.

Dietary sources

Creatine is found in food, and the average
omnivorous diet supplies about 1–2 g creati-
nine daily, although vegetarians consume less.
This is because creatine is found principally in

animal foods, such as fish and meat. Only trace
amounts are found in plant foods. If the dietary
supply is limited, creatine can be synthesised
endogenously.

Possible uses

Creatine has been investigated for a possible role
in sports and athletics.

Exercise performance
Supplementation increases levels of creatine in
plasma and skeletal muscle, and it is used to
enhance exercise performance. A study in 1992
was the first to show that creatine supple-
entation (5 g four to six times a day) for
several consecutive days increased the creatine
concentration of skeletal muscle; the authors
concluded that creatine supplementation might
enhance exercise performance in humans.1

The first published investigation into the
effect of oral creatine supplementation on exer-
cise performance in humans showed that inges-
tion of creatine (20 g daily for 5 days) was found
to improve performance during repeated bouts
of maximal isokinetic knee-extensor exercise,
reducing fatigue by 6%.2

In a subsequent more invasive study, subjects
performed two bouts of maximal isokinetic
cycling exercise before and after creatine
ingestion at identical dose (20 g daily for 5 days).
Each exercise bout lasted 30 s, and the recovery
period between bouts was 4 min. Total work
performance increased during both bouts of
exercise after creatine supplementation and was
related to muscle creatine uptake.3

A randomised, placebo-controlled trial
involving 16 male subjects investigated the
effects of creatine supplementation (20 g daily
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for 5 days) on the ability to perform kayak ergo-
meter performances of different durations. The
results indicated that creatine could significantly
increase the amount of work accomplished at
durations ranging from 90 to 300 s.4

In a double-blind crossover study, 12 subjects
were either creatine loaded (25 g daily for
5 days), or were creatine loaded and took extra
creatine (5 g/hour) during an exercise test or
placebo on three occasions followed by a 5-
week wash-out period. Each subject underwent
a 2.5-hour endurance test on their own bicycle
followed by five maximal 10-s sprints separated
by 2-min recovery intervals. Creatine loading
for 5 days, but not creatine loading plus acute
ingestion, significantly increased peak and mean
sprint power for all five sprints, but endurance
time to exhaustion was not affected by either
creatine regimen.5

Ten physically active but untrained college-
age males received creatine (5 g four times a
day) or placebo for 5 days in a double-blind,
randomised, balanced, crossover design and
were assessed during maximal and three
repeated submaximal bouts of isometric knee
extension and handgrip exercises. Creatine sig-
nificantly increased maximal isometric strength
during knee extension, but not during handgrip
exercise, and increased time to fatigue during all
bouts of exercise. The authors concluded that
improvements in maximal isometric strength
following creatine supplementation were
restricted to movements performed with a large
muscle mass.6

Further studies have confirmed the ability of
creatine supplements to improve performance
during heavy resistance training,7 ice hockey,8

bicycle exercise,9 soccer10 and squash.11

However, several studies have reported no
effects of creatine supplementation on exercise
performance. There was no effect on power
output during two bouts of 15-s maximal
exercise separated by a recovery of 20 min,
but this finding may reflect the design in that
several bouts of exercise and a shorter recovery
time may have been needed to show an effect
of creatine supplementation.12 However, in
another study where subjects were assigned to
recovery intervals of 30, 60, 90 or 120 s, creatine
20 g daily for 5 days still had no effect on the

subjects’ ability to reproduce or maintain a high
percentage of peak power during the second
of two bouts of high-intensity cycling.13 This
was also the case in a study that showed no
effect of creatine supplementation on perfor-
mance during a single 20-s bout of maximal
exercise.14

Another study showed no effect of creatine
supplementation on performance during single
bouts of maximal exercise lasting 15, 30 and
60 s in elite swimmers,15 and in a further study,
no effect of creatine supplementation on per-
formance during a single 30-s bout of maximal
exercise,16 but this may also have reflected the
short supplementation period of 3 days. In a
further study, no changes in performance were
found after a small dose of creatine (2 g daily)
taken over several weeks.17

Miscellaneous
There is preliminary evidence that creatine may
improve strength in people with CHF,18 chronic
obstructive pulmonary disease (COPD),19 and
in neuromuscular diseases.20 Creatine sup-
plements may also be an effective adjunct
to vitamin supplements for lowering plasma
homocysteine.21

Preliminary evidence suggests that supple-
mentation may be a useful therapeutic strategy
for older adults to attenuate loss in muscle
strength and performance in functional living
tasks.22 In addition, when combined with resis-
tance training, creatine supplementation has
been shown to increase lean tissue mass and
improves leg strength, endurance, and average
power in older men.23

Precautions/contraindications

Creatine should be used with caution in renal
or hepatic disease. However, the increase in
urinary excretion of creatinine observed with
creatine supplementation does not indicate
renal impairment. Rather, it correlates with
the increase in muscle creatine storage and the
increased rate of muscle creatine degradation to
creatinine.

Creatine is not on the International Olympic
Committee Drug List, but some consider it
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to be in the ‘grey zone’ between doping and
substances allowed to enhance performance.

Conclusion
Despite a large number of clinical trials,
there remains a dearth of high-quality
research on creatine supplementation. In-
vestigations of the effect of creatine on
performance, strength and endurance in
laboratory studies have yielded roughly
equal numbers of studies showing posi-
tive effects and no effect. Field studies
(i.e. of individuals participating in normal
sports activities) have shown less impressive
results than laboratory studies.

Creatine supplementation improves per-
formance during exercise of high to maximal
intensity, and its use could potentially benefit
sports involving either single bouts of high-
intensity exercise (e.g. sprint running, swim-
ming, rowing, cycling) or multiple bouts
(e.g. soccer, rugby, hockey). It also has
the potential to benefit an athlete involved
in training that involves repetitive bouts of
high-intensity exercise. However, there is
no evidence that creatine can benefit pro-
longed, submaximal exercise (e.g. middle-
or long-distance running), and it may
impair endurance exercise by contributing
to weight gain.

Pregnancy and breast-feeding

No problems have been reported. However,
there have not been sufficient studies to guar-
antee the safety of creatine in pregnancy and
breast-feeding. Creatine is best avoided.

Adverse effects

No serious toxic effects have been documented.
In a survey of 52 college athletes supplementing
with creatine, 16 reported diarrhoea, 13 re-
ported muscle cramps and seven dehydration.24

Another survey, which involved 28 male base-
ball players and 24 male football players aged
18–23, found that 16 (31%) experienced diar-
rhoea, 13 (25%) experienced muscle cramps,

seven (13%) reported unwanted weight gain,
seven (13%) reported dehydration and 12
reported various other side-effects.25 In the same
survey, 39 (75%) exceeded the maintenance
dose of 2–5 g daily.

In a placebo-controlled trial involving 175
subjects and lasting 310 days, creatine mono-
hydrate supplementation 10 g daily did not
result in significant differences in adverse effects
compared with placebo. Occurrence of nausea,
gastrointestinal discomfort and diarrhoea was
similar in both groups. After 2 months of treat-
ment, oedematous limbs were seen more often
in subjects using creatine, probably because of
water retention. Severe diarrhoea and severe
nausea caused three subjects in the creatine
group to stop taking it, after which these adverse
events subsided.26

In another report a patient with nephrotic
syndrome who had been supplementing with
creatine experienced deterioration in renal
function,27 and a previously healthy 20-year-old
man developed interstitial nephritis after taking
creatine (20 g daily) for 4 weeks.28

Chronic administration of a large quantity
of creatine can increase the production of
formaldehyde. Formaldehyde is well known to
crosslink proteins and DNA, and may cause
potentially serious side-effects.29

Creatine supplementation often causes
weight gain, which can be mistaken for increase
in muscle mass. Increasing intracellular creatine
may cause an osmotic influx of water into the
cell because creatine is an osmotically active
substance. It is therefore possible that the
weight gained is due to water retention and not
increased muscle.

The safety of prolonged use of creatine is of
concern. Individuals should be advised not to
take the loading dose of 20 g daily for more
than 5 days and not to supplement for a total
period of longer than 30 days until effects are
better known.

Interactions

No known drug interactions. Caffeine may
reduce or abolish the ergogenic effects of
creatine.
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Dose

Creatine is available mainly in the form of
powder. A review of 13 US products showed
that 11 of them contained the weight of creatine
claimed. One of the products was found to
contain less than the claimed amount and one
failed to meet its claim of being free from the
impurity dicyandiamide.30

The usual dose regimen used in studies is
5 g creatine monohydrate four times a day for
the first 5 days as a loading dose, then 2–5 g
daily as maintenance. These doses should not be
exceeded because of the risk of adverse effects
(see above).
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Dehydroepiandrosterone

Description

Dehydroepiandrosterone (DHEA) is the most
abundant hormone secreted by the adrenal
glands. It is a steroid hormone and secreted by
the zona reticularis of the adrenals. DHEA cir-
culates in the blood as dehydroepiandrosterone-
3-sulphate (DHEAS), which is converted as
required to DHEA. Production of DHEA in
humans normally peaks between the ages of
20 and 30 years, and then begins a steady
progressive decline.1

Action

DHEA and DHEAS are the precursors for other
hormones, including oestrogens and androgens.
The degree of androgenic versus oestrogenic
effect of DHEA may depend on the individual’s
hormonal status. For example, there is some
evidence that DHEA has different effects in
pre-menopausal and post-menopausal women.2

DHEA has also been shown to stimulate
insulin growth factor-1 (IGF-1),3 a hormone
that stimulates anabolic metabolism, enhances
insulin sensitivity, accelerates muscle growth
and enhances energy production.

Possible uses

Supplementation with DHEA has been claimed
to produce several health benefits including
enhancement of immune function, increased
muscle mass, improvements in memory and
mood, improvement in symptoms of auto-
immune disorders such as lupus erythemato-
sus, and to have a general anti-ageing effect.
However, evidence for a beneficial effect of
DHEA supplements in all these conditions is
inconclusive.

Immunity
The first in vivo evidence of an immuno-
modulatory effect of DHEA came from a pro-
spective, randomised, double-blind, crossover
study involving 11 post-menopausal women
with 3-week treatment arms. Results showed
that DHEA supplementation reduced T helper
cell populations and increased natural killer cell
populations.4

In a single-blind, placebo-controlled study,
nine healthy men (mean age 63 years) were sup-
plemented with a placebo for 2 weeks, followed
by DHEA 50 mg daily for 20 weeks.5 DHEA
stimulated immune function by significantly
increasing the number of monocyte and B cells,
stimulating B- and T-cell mitogenic response,
interleukin-2 secretion and the number and
cytotoxicity of natural killer cells. The authors
acknowledged that the results of this study
had limited application because post-treatment
immune response was not measured.

However, in two other studies,6,7 DHEA
produced no significant effects on antibody
response to influenza vaccine.

Body composition
In a double-blind, placebo-controlled study,
10 healthy men were randomised to receive
either 1600 mg DHEA or placebo daily for
28 days. Compared with placebo, body fat was
reduced significantly, by 31% in the supple-
mented group, but there was no change in
body weight. There was also a 7.5% reduction
in LDL cholesterol.8 Furthermore, in another
randomised, double-blind, placebo-controlled
study in morbidly obese adolescents,9 40 mg
DHEA twice a day had no effect on body weight.
In two other studies,10,11 DHEA 1600 mg daily
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for 4 weeks had no significant effect on body
weight or lean body mass.

Memory, mood and depression
In a double-blind, placebo-controlled crossover
study, 30 healthy subjects aged 40–70 years
were randomised to receive in random order
either 50 mg DHEA or placebo daily for
3 months each. During DHEA supplementation
there was a significant increase in perceived
physical and psychological well-being. There
was no effect on insulin sensitivity, body fat or
libido.12

In a double-blind, placebo-controlled
crossover study, 17 healthy, elderly male
subjects received 50 mg DHEA daily or a
placebo for 2 weeks. There was no change in
memory or mood in the supplemented group.13

A Cochrane systematic review14 investigated
the effect of DHEA supplementation on cogni-
tion and well-being. Five studies matched the
reviewers’ criteria, four of which were short-
term (DHEA administered for 2 weeks or less)
and one where DHEA was given for 3 months.
There was no significant change in ability to
perform cognitive tests, or mood or well-being
(as assessed by standard scales) in the short-term
studies. In the longer-term study, results of an
open-ended questionnaire showed that 67% of
men and 82% of women reported enhanced
well-being with DHEA compared with placebo.
The reviewers concluded that present data offer
limited support for a beneficial effect of DHEA
on well-being, but not on memory or cognitive
function.

In a double-blind, placebo-controlled
study,15 32 patients with severe depression,
either medication-free or stabilised on anti-
depressants, received either DHEA (maximum
dose 90 mg daily) or placebo for 6 weeks.
DHEA was associated with a significantly
greater decrease in the Hamilton depression
rating scale than placebo, and five of the
11 patients treated with DHEA compared
with none of the 11 subjects in the placebo
group showed a 50% or greater reduction in
symptoms of depression.

In a small double-blind RCT, DHEA (50 mg
twice a day) did not significantly improve cog-
nitive performance or overall ratings of change

in severity. A transient effect on cognitive
performance may have been seen at month 3,
but this narrowly missed significance.16

A study in patients with schizophrenia found
that DHEA (up to 100 mg daily) was associ-
ated with significant improvement in negative
symptoms as well as in depressive and anxiety
symptoms in individuals receiving DHA.17

Plasma levels of DHEA fall with the pro-
gression of HIV diseases and DHEA is being
investigated for potential benefit. A study in
32 patients with advanced HIV disease found
improved mental function scores with DHEA
50 mg daily for 4 months.18

Systemic lupus erythematosus
In a double-blind, placebo-controlled study,19

28 women with mild to moderate systemic
lupus erythematosus (SLE) were randomised
to receive 200 mg DHEA or placebo daily for
3 months. In the supplemented group, there
were insignificant improvements in SLE Disease
Activity Index scores, physicians’ assessment of
disease activity and a reduction in the dose
of prednisone used. There was a significant
improvement in patients’ assessment of disease
activity with DHEA compared with placebo.

In an open study, 50 women with mild to
moderate SLE were treated with 50–200 mg of
DHEA daily for 6–12 months. Supplementation
was associated with a significant reduction in
disease activity and significant improvement in
patient and physician assessment compared to
baseline.20

In a double-blind RCT, 120 adult women
with active SLE received oral DHEA (200 mg
daily) or placebo for 24 weeks. DHEA treatment
was well tolerated, significantly reduced the
number of SLE flares and improved patients’
global assessment of disease activity.21

Miscellaneous
There is no evidence that DHEA supplements
prevent ageing in humans. Reports have sug-
gested that DHEA might reduce the risk of heart
disease. Epidemiological studies have been con-
flicting, and although some animal and human
studies have shown that DHEA may reduce LDL
cholesterol and platelet aggregation, controlled
trials are needed to assess the effects of DHEA
supplementation on cardiovascular risk.
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DHEA has also been reported to improve
insulin sensitivity and reduce blood glucose
levels, but again results from studies have
been conflicting. One small study in 24 men
found that DHEA 25 mg daily improved insulin
sensitivity and vascular endothelial function
and decreased the plasma activator inhibitor
type 1 concentration. The authors concluded
that these beneficial changes have the potential
to attenuate the development of age-related
disorders such as CVD.22

DHEA has also been investigated for an
effect on bone turnover. An RCT in young
women with anorexia nervosa compared the
effects of DHEA with hormone replacement
therapy (HRT). In initial analyses, total hip
BMD increased significantly and similarly in
both treatment groups. Bone formation mark-
ers increased transiently at 6–9 months in the
DHEA compared with the HRT group and both
treatments significantly reduced bone resorption
markers. However, both groups gained weight
and after correcting for weight gain, there
was no treatment effect. In addition, DHEA
was associated with improvement in specific
psychological parameters.23 In another study in
middle-aged to elderly men, oral DHEA did not
affect bone turnover when used for a 6-month
period.24

It is often claimed that individuals can en-
hance their muscle capacity by boosting DHEA
levels through oral supplementation. A 12-
month study in 280 healthy men and women
(aged 60–89 years) found that the supplement
restored DHEA levels to the normal range for
young adults. However, there were no beneficial
effects on muscle state.25

Conclusion
The role of DHEA supplements in all con-
ditions studied is inconclusive. Some stud-
ies have shown that DHEA improves the
immune response while others have not.
There is no good evidence that DHEA helps
to reduce body weight. There is limited
evidence that it may improve well-being and
reduce symptoms of depression, but it seems
to have no effect on memory or cognition.
Preliminary evidence suggests that DHEA
could improve symptoms of SLE.

Precautions/contraindications

DHEA is contraindicated in individuals who
have (or have a history of) prostate cancer
or oestrogen-dependent tumours (e.g. breast or
uterine cancer). It should be used with caution in
patients with diabetes mellitus (because it may
alter blood glucose regulation). Blood glucose
and doses of insulin and oral hypoglycaemics
should be monitored in patients with diabetes.

Pregnancy and breast-feeding

The effects of DHEA in pregnancy and breast-
feeding are unknown. It is probably best
avoided.

Adverse effects

There is no known toxicity or serious side-
effects. However, the safety of long-term admin-
istration is unknown. DHEA alters the levels
of other hormones, and has both oestrogenic
and androgenic activity. Potential side-effects
in women are therefore increased facial hair
and increased loss of head hair, menstrual
irregularities and deepening of the voice. The
risk of breast cancer may also be increased,
but results from studies are conflicting, with
some showing that DHEA may reduce risk
while others show that it may increase risk.
A review concluded that prolonged intake of
DHEA may promote breast cancer in post-
menopausal women.26 Potential side-effects in
men include an increased risk of prostate
cancer.

A study in 22 healthy men27 suggested
that doses up to 200 mg daily for 4 weeks
were safe and well tolerated. Another study28

in 24 healthy elderly men and women
(67.8 ± 4.3 years) suggested that daily doses of
25 or 50 mg DHEA are safe in elderly subjects.
There were no large increases in blood levels of
androgens and oestrogens in this study.

Interactions

None reported, but theoretically DHEA could
interact with insulin, oral hypoglycaemic agents,
oestrogens (including HRT) and androgens.
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Dose

DHEA is available in the form of tablets and
capsules.

The dose is not established. Dietary supple-
ments tend to provide 5–50 mg daily.
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Evening primrose oil

Description

Evening primrose oil is derived from the seeds
of Oenothera biennis and other species.

Constituents

Evening primrose oil contains gamma-linolenic
acid (GLA) and linoleic acid. Starflower oil
(borage oil) and blackcurrant oil are also used as
sources of GLA in dietary supplements. Evening
primrose oil contains 8–11% GLA. Starflower
oil contains 20–25% GLA, but the biological
activity of starflower oil may be no greater
than that of evening primrose oil, i.e. on a
weight-for-weight basis, starflower oil has not
been proved to be twice as active as evening
primrose oil. Blackcurrant oil contains 15–25%
GLA.

Action

GLA is not an essential dietary component. It is
normally synthesised in the body by the action
of delta-6-desaturase on linoleic acid (obtained
in the diet from vegetable and seed oils, e.g.
sunflower oil).

GLA is a precursor of dihomogamma-
linolenic acid (DGLA) and the series 1
prostaglandins (PG), and also of arachidonic
acid (see Figure 1). Most of the DGLA formed
from GLA is metabolised to PG1s; conversion
of DGLA to arachidonic acid is very slow.
Arachidonic acid is normally obtained from
meat in the diet.

Supplementation with GLA increases the
ratio of DGLA to arachidonic acid. DGLA levels
are elevated to a greater extent by the adminis-
tration of GLA than by the administration of
linoleic acid (for reasons that are not entirely
clear).

Prostaglandin PGE1 (produced from DGLA)
inhibits platelet aggregation and is also a vaso-
dilator; it has less potent inflammatory effects
than prostaglandins of the PG2 series, throm-
boxane A2 and series 4 leukotrienes (produced
from arachidonic acid).

The efficacy of GLA is thus thought to be
due, in part, to the increased production of
PG1 series prostaglandins at the expense of
PG2 series prostaglandins, thromboxane A2 and
series 4 leukotrienes.

Deficiency

Patients with diabetes mellitus or eczema may
be at risk of GLA deficiency. Despite some
claims, there is little evidence that foods rich in
saturated fat and sugar, drinking alcohol, stress,
pollution, high blood cholesterol, ageing, viral
infections and hormone imbalances lead to GLA
deficiency.

Possible uses

Evening primrose oil is used widely as a dietary
supplement for various disorders, including
PMS, hypertension, asthma and angina. It is
claimed to reduce blood cholesterol levels and
to act as a slimming aid.

Disorders for which evening primrose oil
has been tested in controlled clinical trials
include atopic dermatitis, diabetic neuropathy,
mastalgia and breast cysts, menopausal flushing,
Reynaud’s phenomenon, rheumatoid arthritis,
schizophrenia, Sjogren’s syndrome, ulcerative
colitis and various cancers. Evening primrose oil
is being investigated in a range of other disorders
including multiple sclerosis and hyperactivity in
children.
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Figure 1 Metabolism of gamma-linolenic acid arachidonic acid.

Skin conditions
The efficacy of evening primrose oil in inflam-
matory skin conditions such as eczema is
difficult to judge, because several trials have
shown improvements in both the treatment
and placebo groups. However, results indicate
that for efficacy, high doses and long-term
treatment are necessary. Evening primrose oil
may work in these conditions not only by
supplying precursors of prostaglandins but also
by supplying the essential fatty acids to maintain
cell membranes.

A double-blind crossover study involving
99 patients showed improvement in symp-
toms of eczema with doses of 4–6 g daily of
evening primrose oil in adults and 2 g daily
in children.1 Another trial involving 25 pa-
tients showed that evening primrose oil (45 mg
gamma-linolenic acid per capsule) improved
symptoms of eczema. Although there was also
an improvement in the placebo group, this
was not as great as in the evening primrose
oil group.2 A further double-blind crossover
study showed no clinical benefit in the use of
evening primrose oil for atopic eczema in a
mixed group of adults and children.3 Adult
doses in this study were 12 or 16 500-mg
capsules each day. Another study in patients
with chronic dermatitis of the hands3 showed
no difference between the effects of evening
primrose oil (12 500-mg capsules each day)
or placebo (sunflower oil capsules). Similarly
conflicting results have been found in studies
in children.4,5

A double-blind RCT investigated the possible
preventive effect of GLA supplementation on
the development of atopic dermatitis in infants
at risk. One hundred and eighteen formula-
fed infants with a maternal history of atopic
disease received borage oil supplement (100 mg
GLA) or sunflower oil supplement for the first
6 months of life. The intention-to-treat analysis
showed a favourable trend for severity of atopic
dermatitis associated with GLA supplementa-
tion, but no significant effects in the other atopic
outcomes, including serum immunoglobulin E
(IgE). The authors concluded that early sup-
plementation with GLA in children at high
familial risk does not prevent the expression
of atopy, but it tends to alleviate the severity
of atopic dermatitis in later infancy in these
children.6

Premenstrual syndrome and the menopause
Evening primrose oil has been studied for
its effect on the physical and psychological
symptoms of PMS in some women. However,
few good studies have been carried out. A
review of four studies7 concluded that evening
primrose oil is effective for the treatment of
PMS. However, another study in 38 women8

showed no differences between the effect of
placebo and evening primrose oil on symptoms
such as fluid retention, breast pain or swelling
or mood changes.

Some trials with evening primrose oil in cycli-
cal mastalgia and breast tenderness have shown
positive results.9,10 However, the response can
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be slow, and it can take several months to decide
whether or not treatment is successful. A recent
study in 555 women with moderate to severe
mastalgia found that GLA (Efamast) efficacy did
not differ from that of placebo fatty acids and
the presence or absence of antioxidant vitamins
made no difference.11

Trial data on the effects of evening primrose
oil during the menopause are conflicting. In
one of the most recent studies,12 involving 56
post-menopausal women suffering hot flushes,
gamma-linolenic acid offered no benefit over
placebo.

Rheumatoid arthritis
Results from trials with evening primrose oil
in rheumatoid arthritis have been mixed. In
one study of 20 patients, treatment with non-
steroidal anti-inflammatory drugs (NSAIDs)
was stopped and administration of evening
primrose oil resulted in no significant changes
in symptoms of arthritis.13 In another study
involving 49 patients,14 treatment with evening
primrose oil (equivalent to 540 mg GLA daily)
or a combination of evening primrose oil and
fish oil (450 mg GLA plus 240 mg eicosapen-
taenoic acid) allowed for a significant reduction
in dose of NSAIDs. However, another study
in 20 patients15 who received either evening
primrose oil or olive oil twice daily for 12 weeks,
showed no significant differences in terms of
prostaglandin levels, therapeutic response or
laboratory parameters. However, those indi-
viduals whose pro-inflammatory prostaglandin
and thromboxane levels were reduced tended to
have better therapeutic responses.

Miscellaneous
Encouraging findings have been reported
with trials of evening primrose oil in dia-
betic neuropathy,16,17 but not in asthma,18,19

hypercholesterolaemia,20,21 or obesity.22

Recent studies have also been conducted
into the potential benefit of GLA in dry eye
syndrome and periodontal disease. A prelimi-
nary study in 26 patients found that GLA, or
linoleic acid, or tear substitutes reduced ocular
surface inflammation and improved dry eye
syndrome.23 In a small study involving 30 adults
with periodontitis, GLA was found to have

beneficial effects, which were more impressive
than those for omega-3 fatty acids and lower
doses of the two supplements in combination.24

Further studies will be necessary to more fully
assess the potential of GLA in these conditions.

Conclusion
Results of clinical studies with gamma-
linolenic acid (GLA) in skin conditions, in-
cluding atopic dermatitis, as well as PMS
and rheumatoid arthritis, have produced
conflicting results. However, some indi-
viduals with these conditions do appear
to benefit. Preliminary research indicates
that GLA may be beneficial in diabetic
neuropathy.

Precautions/contraindications

Evening primrose oil should be avoided in
patients with epilepsy and in those taking
epileptogenic drugs, e.g. phenothiazines. There
is some evidence that GLA may increase the risk
of seizures in these patients.25

Pregnancy and breast-feeding

Caution should be used in pregnancy (because
of possible hormonal effects). No problems have
been reported in breast-feeding.

Adverse effects

Toxicity appears to be low. The only adverse
effects reported are nausea, diarrhoea and
headache. However, one report26 has warned
of a potential risk of inflammation, thrombosis
and immunosuppression due to slow accumula-
tion of tissue arachidonic acid after prolonged
use of GLA for more than 1 year.

Interactions

Drugs
Phenothiazines: increased risk (small) of epilep-
tic fits.
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Dose

Evening primrose oil and other supplements
containing GLA are generally available in the
form of capsules.

Symptomatic relief of eczema: 320–480 mg
(as GLA) daily; child 1–12 years, 160–320 mg
daily.

Symptomatic relief of cyclical and non-
cyclical mastalgia: 240–320 mg (as GLA) daily
for 12 weeks (then stopped if no improvement).

Dietary supplements provide 40–300 mg (as
GLA) per daily dose.

Note: doses are given in terms of GLA;
evening primrose oil supplements are not iden-
tical; they provide different amounts of GLA.
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Fish oils

Description

There are two types of fish oil supplements:

� Fish liver oil: this is generally obtained from
the liver of the cod, halibut or shark.

� Fish body oil: this is normally derived from
the flesh of the herring, sardine or anchovy.

Constituents

Fish liver oil is a rich source of vitamins A and
D; concentrations in cod liver oil liquids nor-
mally range between 750 and 1200 µg (2500–
4000 units) vitamin A per 10 ml and 2.5–10 µg
(100–400 units) vitamin D per 10 ml; halibut
and shark liver oils are more concentrated
sources of these vitamins. Fish body oil is low
in vitamins A and D. Vitamin E is also present
in both types of fish oil and extra vitamin E is
normally added to supplements.

Both fish liver oil and fish body oil are sources
of polyunsaturated fatty acids (PUFAs) of the
omega-3 series [eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA)].

Human requirements

EPA and DHA can be synthesised in the body (in
small amounts) from alpha-linolenic acid (con-
tained in vegetable oils, e.g. soya bean, linseed
and rapeseed oils). However, this conversion
may be inefficient in some individuals.

Recommended intakes
Various recommendations, both in the UK
and elsewhere, have been made for the intake
of very-long-chain n-3 fatty acids (EPA/DHA)

as follows:

UK Department of Heath:1 200 mg daily
British Nutrition Foundation:2 1250 mg daily
International Society for the Study of

Fatty Acids and Lipids:3
650 mg daily

The Danish Ministry of Health 300 mg daily
Deutsche Gesellschaft für Ernährung

(DGE)
1500 mg daily

Dietary sources

Oily fish is the best source, but some so-called
‘functional foods’ including eggs, bread, mar-
garines and milk are fortified with EPA/DHA.
Algae are good sources of EPA/DHA and are
being investigated as sources for supplements
and functional foods (Table 1). However, the
technological expertise is not yet available.

Action

Fish oils have several effects. These include:

� Alteration of lipoprotein metabolism. Fish
oils reduce both fasting and post-prandial
plasma triacylglycerols and VLDL choles-
terol. With moderate intakes of fish oils,
both HDL and LDL cholesterol tend to in-
crease. High intakes reduce HDL cholesterol
and may increase LDL in some patients. A
meta-analysis of published human trials (that
each provided 7 g daily of fish oils for at
least 2 weeks) showed that serum cholesterol
is unaffected by long-chain n-3 fatty acid
consumption. However, triacylglycerols fell
by 25–30%, LDL increased by 5–10% and
HDL fell by 1–3%.4

� Inhibition of atherosclerosis. Fish oils re-
duce the plasma concentrations of several
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Table 1 Typical very-long-chain n-3 fatty acid (EPA
and DHA) content of fish and fish oils

Food Average Total EPA/DHA
serving(g) per serving1

Kippers 130 3.37
Mackerel 160 3.09
Pilchards (canned in

tomato sauce)
110 2.86

Trout 230 2.65
Salmon (fresh) 100 2.2
Sardines (canned in

tomato sauce)
100 1.67

Herring 119 1.56
Salmon (canned in

brine, drained)
100 1.55

Crab (canned) 85 0.85
Plaice 130 0.39
Tuna, fresh 120 0.3–1.5
Cod 120 0.30
Mussels 40 0.24
Haddock 120 0.19
Tuna (canned in oil,

drained)
45 0.17

Tuna (canned in
brine, drained)

45 0.08

Prawns 60 0.06
Cod liver oil liquid2 10 ml 1.5–3.0
Cod liver oil

capsules2
Varies 0.1–0.4

Fish oil capsules2 Varies 0.1–0.4

1 Source (except 2): Holland B, Brown J, Buss DH. Fish and fish products ;

the third supplement to McCance & Widdowson’s The Composition of

Food, 5th edn. London: HMSO, 1993.
2 Source: product labels. Doses and amounts of EPA/DHA vary between

products.

atherogenic lipoproteins (see above), but
other mechanisms may be important. Thus,
these effects may be associated with reduced
synthesis of cytokines and interleukin 1α

and through stimulation of the endothelial
production of nitric oxide.5

� Prevention of thrombosis. Thrombosis is
a major complication of coronary athero-
sclerosis, which can lead to myocar-
dial infarction. The n-3 fatty acids have
anti-thrombotic actions through inhibiting
the synthesis of thromboxane A2 from

arachidonic acids in platelets.6 Thrombox-
ane A2 causes platelet aggregation and vaso-
constriction and as a result fish oil increases
bleeding time and reduces the ‘stickiness’ of
the platelets. Fish oil also enhances the pro-
duction of prostacyclin, which leads to va-
sodilatation and less ‘sticky’ platelets. These
effects help to reduce the risk of thrombosis.

� Inhibition of inflammation. Diets rich in
omega-3 fatty acids appear to reduce the
inflammatory response.7

� Inhibition of the immune response. Immune
reactivity is generally reduced by omega-3
fatty acids.8,9

� Reduction in heart rate. A meta-analysis of
30 RCTs found that fish oil decreased heart
rate by 1.6 beats per minute compared with
placebo. In trials where initial heart beat
was high and/or the study period was long,
reduction in heart rate averaged 2.5 beats
per minute. Heart rate reduction did not
significantly vary with dosage of fish oil.10

� Influence on arrhythmias. Fish oil may reduce
the incidence of lethal myocardial infarction
and sudden death. This may be due to
the prevention of fatal cardiac arrhythmias.
Evidence from some studies indicates an
anti-arrhythmic action of fish oil,11 while
evidence from other studies does not.12–14 In
patients undergoing coronary artery bypass
surgery (CABG), omega-3 fatty acids (2 g
daily) substantially reduced the incidence
of post-operative atrial fibrillation.15 In a
further study in patients with a recent episode
of sustained ventricular arrhythmia and an
implantable cardioverter defibrillator (ICD),
fish oil did not reduce the risk of ventricular
tachycardia and ventricular fibrillation and
there was evidence of a pro-arrhythmic effect
in some patients.16

Mechanism of action
Fish oils appear to act by:

� modulation of pro-inflammatory and pro-
thrombotic eicosanoid (prostaglandin,
thromboxane and leukotriene) production;
and

� reduction in interleukin-1 and other cyto-
kines.
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Figure 1 Metabolism of eicosapentaenoic acid and
arachidonic acid.

Eicosanoid production
The effects of omega-3 fatty acids are thought to
be due to the partial replacement of arachidonic
acid with EPA in cell membrane lipids. This
leads to increased production of PG3 series
prostaglandins, thromboxane A3 and series 5
leukotrienes at the expense of PG2 series
prostaglandins, thromboxane A2 and series 4
leukotrienes (see Figure 1).

Thromboxane A3 (produced from EPA) is
less effective at stimulating platelet aggrega-
tion than thromboxane A2 (produced from
arachidonic acid). Prostaglandins of the PG3
series have less potent inflammatory effects than
prostaglandins of the PG2 series. In addition,
DHA inhibits the formation of the more
inflammatory prostaglandins of the PG2 series,
while EPA acts as a substrate for the synthesis
of the less inflammatory prostaglandins of the
PG3 series.

Series 5 leukotrienes (produced by EPA)
have weaker inflammatory effects than series 4
leukotrienes (produced by arachidonic acid).

Possible uses

Fish liver oils are used as a source of vitamins A
and D. Both fish liver oils and fish body oils are
used as a source of EPA and DHA.

In addition, fish oils appear to have a role
in the prevention and management of certain
conditions such as CHD and stroke, rheumatoid
arthritis, inflammatory bowel disease, psoriasis
and asthma, mental disorders such as
depression, schizophrenia and Alzheimer’s
disease, nephropathy, various cancers and
diabetes mellitus.

Cardiovascular disease
The consumption of fish is associated with
lower rates of CHD in many epidemiological
studies. Seminal findings in Eskimos have been
confirmed and extended to Western popula-
tions, and in most studies there is an inverse
relationship between the intake of fish or n-3
fatty acids and total mortality or cardiovascular
mortality.17–21 However, some studies22,23 have
not shown any benefit, possibly because fish
intake was higher in the studied population as a
whole.

Intervention studies, in which the intake of
fish or fish oil was increased, have also shown
beneficial effects. One classic study24 investi-
gated 2000 Welsh men who had just recovered
from their first heart attack. The men were
randomised to a ‘fish advice group’, in which
they were asked to eat at least two portions of
oily fish a week, or failing this fish oil in capsule
form, or a ‘no fish advice group’. After 2 years,
there was a 29% reduction in mortality in the
fish/fish oil group, which was attributable to a
reduction in CHD deaths. However, although
there were fewer fatal heart attacks in the fish
group, the total number of heart attacks did not
decrease.

The GISSI Prevenzione trial25 investigated
the effects of n-3 PUFAs (1 g daily), vitamin
E (300 mg daily) or both as supplements in
a study involving 11 324 patients surviving
recent myocardial infarction. Treatment with
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n-3 PUFAs, but not vitamin E, reduced total
deaths and cardiovascular deaths, and the effect
of the combined treatment was similar to that
for n-3 PUFAs alone.

In a double-blind, placebo-controlled study
in India,26 360 patients with suspected myo-
cardial infarction were randomised to receive
fish oil (1.09 g EPA/DHA daily), mustard oil
(2.9 g alpha-linolenic acid daily) or placebo
for 1 year. Total cardiac events, including car-
diac arrhythmias, and also angina pectoris and
left ventricular enlargement, were significantly
reduced in both the fish oil and mustard oil
groups compared with placebo. Fish oil, but not
mustard oil, was significantly correlated with
fewer cardiac deaths than placebo.

Overall, a consistent body of evidence de-
rived from several hundred studies has indicated
that a daily ingestion of at least 1 g of EPA
and DHA results in a reduction in total mortal-
ity, cardiovascular mortality and morbidity.27

The American Heart Association recommends
that patients with CHD should consume 1 g
EPA + DHA per day, preferably from oily fish,
although if this is difficult to achieve from diet
alone, a fish oil supplement may form part of
the dietary and lifestyle change.

However, a more recent large trial involving
3114 men with angina found a higher risk of
cardiac death in men consuming fish oil. Sub-
jects in the trial were allocated to four groups:
(i) advised to eat two portions of oily fish each
week or take fish oil capsules; (ii) advised to eat
more fruit, vegetables and oats; (iii) advised to
eat oily fish and more fruit, vegetables and oats;
and (iv) no specific dietary advice. Mortality was
evaluated after 3–9 years. All-cause mortality
was not reduced by any form of advice. Risk
of cardiac death was higher among subjects
advised to take oily fish than among those not
so advised. The excess risk was largely found
in those taking fish oil capsules. The authors
concluded that the result is unexplained; that it
may arise from risk compensation or some other
effect on the behaviour of patients or doctors.28

Recent meta-analyses and systematic reviews
have considered this issue. A meta-analysis
of 11 RCTs that compared dietary or non-
dietary intake of n-3 fatty acids with placebo
in patients with CHD found that dietary and

non-dietary intake of n-3 fatty acids reduces
overall mortality, mortality due to myocardial
infarction and sudden death in patients with
CHD.29

A systematic review30,31 investigated the role
of omega-3 fatty acids for prevention and treat-
ment of CVD using both RCT and cohort stud-
ies. RCTs were included where omega-3 intake
or advice was randomised and unconfounded
and study duration was at least 6 months. Co-
hort studies were included where a cohort was
followed up for at least 6 months and omega-
3 intake estimated. Forty-eight RCTs and 41
cohort studies were included. Pooled trial results
did not show a reduction in the risk of total
mortality or combined cardiovascular events
in those taking additional omega-3 fats (with
significant statistical heterogeneity). Sensitivity
analysis, retaining only studies at low risk of
bias, reduced heterogeneity and again suggested
no significant effect of omega-3 fats. Restricting
analysis to trials increasing fish-based omega-3
fats, or those increasing short-chain omega-3s,
did not suggest significant effects on mortality or
cardiovascular events in either group. Subgroup
analysis by dietary advice or supplementation,
baseline risk of CVD or omega-3 dose suggested
no clear effects of these factors on primary
outcomes. The reviewers concluded that: ‘It is
not clear that dietary or supplemental omega-3
fats alter total mortality, or combined cardio-
vascular events in people with, or at high risk
of, CVD in the general population. There is
no evidence that people should be advised to
stop taking rich sources of omega-3 fats, but
further high quality trials are needed to confirm
suggestions of a protective effect of omega-3 fats
on CV health. There is no clear evidence that
omega-3 fats differ in effectiveness according to
fish or plant sources, dietary or supplemental
sources, dose or presence of placebo.’

These results are discussed in a further paper
where the suggestion is made that fish oil
could have either anti- or pro-arrhythmic effects
depending on the medical status of the indi-
vidual, and that this could explain conflicting
results.32 However, this systematic review has
attracted criticism on the basis that it did not
include several cohort trials, it analysed primary
and secondary prevention trials together and
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included studies involving alpha-linolenic acid
and fish oils.

A second review of the effects of omega-3
fatty acids on CVD33 includes prevention stud-
ies, including 11 RCTs and one prospective
cohort study that reported outcomes on CVD
populations (n = 16 000 patients). Trials lasted
from 1.5 to 5 years. Eleven secondary preven-
tion studies were considered in this review.
Four trials used fish oil (EPA + DHA) supple-
ments in doses of 0.27–4.8 g daily and were
of good methodological quality. The largest
trial reported that fish oil supplements reduce
all-cause mortality and CVD outcomes but
do not affect stroke. A fifth RCT compared
mustard seed oil26 (containing alpha-linolenic
acid), fish oil and non-oil placebo and found
that both oils were efficacious in reducing
CVD outcomes compared to placebo but found
no difference between supplements. However,
the methodological quality of this trial was
considered by the reviewers to be poor. Six
trials reported contradictory data on stroke,
with three trials using omega-3 supplements re-
porting increased strokes and three diet/dietary
advice trials reporting reduced strokes. One
study, which randomised a total of 300 patients
to 1.7 g daily of EPA and DHA or an equivalent
amount of corn oil for 1.5 years, reported no
beneficial effect of omega-3 fats on any CVD
outcomes.

Primary prevention studies considered in this
review included 22 prospective cohort studies,
four case-control studies, one cross-sectional
study and one RCT, which reported data on
outcomes in the general population. These
studies were conducted in many parts of the
world, the methodological quality was generally
good, most of the cohort studies had several
thousand subjects and study duration ranged
from 4 to 30 years. Most of the large cohort
studies reported that fish consumption reduces
all-cause mortality and CVD events, although
some studies reported no significant or negative
effects. Benefits in primary prevention of stroke
were not clearly seen. The review also indicated
that the relative effect of alpha-linolenic acid
versus fish oil is not clear and that there are few
data concerning the needs of different high-risk
populations.

A further US systematic review34 looked
at the effect of omega-3 fatty acids on car-
diovascular risk factors. The strongest and
most consistent effect of omega-3 fatty acids
was found on lowering triglyceride levels. The
effect of omega-3 fatty acids on other lipids
was weaker. In general, LDL cholesterol and
HDL cholesterol were found to rise to a small
extent. No consistent effect was found on levels
of lipoprotein A. Total apolipoprotein B and
apolipoprotein B-100 levels fell, while LDL
apolipoprotein B levels increased. There was no
consistent effect on markers of inflammation
and thrombosis, including C-reactive protein
(CRP), fibrinogen, factor VII, factor VIII, and
platelet aggregation. There was an overall trend
towards a net reduction of relative risk of 14%
in coronary artery restenosis, while data on
the effect of omega-3 fatty acids on carotid
artery intima-media thickness were found to
be conflicting. The review suggested that fish
oil consumption may benefit exercise capacity
and heart rate variability (which may reduce
the incidence of ventricular arrhythmias) among
people with coronary artery disease.

Rheumatoid arthritis
Fish oils appear to alleviate the symptoms of
rheumatoid arthritis, and this is commensurate
with the role of n-3 fatty acids in suppression
of the production of inflammatory eicosanoids.
Several studies have shown that very-long-chain
n-3 fatty acids reduce pain and morn-
ing stiffness35 and decrease the need for
NSAIDs.36–38 Moreover, a meta-analysis of 10
double-blind, placebo-controlled randomised
trials in 395 patients showed that fish oil taken
for 3 months was associated with a statistically
significant reduction in joint tenderness and
morning stiffness, but no significant improve-
ments in joint swelling, grip strength or erythro-
cyte sedimentation rate (ESR, a marker of
inflammation).39

However, a US review conducted for the
Office of Dietary Supplements, National Insti-
tutes of Health, on the effects of omega-3 fatty
acids on rheumatoid arthritis concluded that
from nine studies reporting outcomes in patients
with rheumatoid arthritis, omega-3 fatty acids
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had no effect on patient reports of pain, swollen
joint count, ESR and patients’ global assessment
by meta-analysis.40

A Dutch double-blind, placebo-controlled,
parallel-group study in 66 patients with
rheumatoid arthritis using 1.4 g EPA, 0.211 g
DHA and 0.5 g gamma-linolenic acid (GLA)
with micronutrients found no significant change
from baseline in tender joint count, swollen
joint count, visual analogue scales for pain
and disease activity, grip strength, functionality
scores and morning stiffness. The conclusion
was that this study adds information regarding
doses of omega-3 fatty acids below which anti-
inflammatory effects in rheumatoid arthritis are
not seen.41

Inflammatory bowel disease
Fish oil has been found to have some benefits
in patients with Crohn’s disease or ulcerative
colitis, but no real conclusions can be drawn.
A review of five studies42 investigating the
effect of n-3 fatty acids in Crohn’s disease was
inconclusive, but a later study43 showed that an
enteric-coated preparation of very-long-chain
n-3 fatty acids significantly reduced the rate
of relapse in patients with Crohn’s disease in
remission.

In patients with ulcerative colitis, fish oil
supplements have been found to reduce cortico-
steroid requirements,44 improve gastrointestinal
histology,45 and reduce disease activity index.46

A US review39 among 13 studies reporting
outcomes in patients with inflammatory bowel
disease found variable effects of omega-3 fatty
acids on clinical score, sigmoidoscopic score,
histologic score, induced remission and relapse.
In ulcerative colitis, omega-3 fatty acids had
no effect on the relative risk of relapse in a
meta-analysis of three studies. There was a
statistically non-significant reduction in require-
ment for corticosteroids for omega-3 fatty acids
relative to placebo in two studies. No studies
included in this review evaluated the effect of
omega-3 fatty acids on requirement for other
immunosuppressive agents.

A further systematic review in 13 controlled
trials assessed the effects of n-3 fatty acids
on clinical, sigmoidoscopic or histologic scores,
rates of remission or relapse, or requirements for

steroids and other immunosuppressive agents
in Crohn’s disease or ulcerative colitis. Most
clinical trials were of good quality. Fewer than
six were identified that assessed the effects of
n-3 fatty acids on any single outcome of clinical,
endoscopic or histologic scores or remission or
relapse rates. Consistent across three studies
was the finding that n-3 fatty acids reduce
corticosteroid requirements, although statistical
significance was shown in only one of these
studies. The conclusion of the review was
that the available data are insufficient to draw
conclusions about the effects of n-3 fatty acids
on clinical, endoscopic or histologic scores or
remission or relapse rate.47

Psoriasis
Fish oils have been claimed to be beneficial
in some individuals with psoriasis, leading to
reduced itching and erythema. However, six
RCTs produced inconclusive results.48–53

Asthma
Because asthma is an inflammatory condition,
which appears to involve eicosanoids, it is
biologically plausible that fish oil could be of
benefit. However, results of studies have been
discouraging and there is no clear evidence that
fish oils are beneficial in asthma. One study has
suggested that fish oil could be protective in sup-
pressing exercise-induced bronchoconstriction
in athletes,54 and another that fish oil may be
beneficial in children with bronchial asthma.55

A US systematic review including 31 reports
(describing 26 unique studies) stated that it is
impossible to conclude anything with respect to
the value of using omega-3 fatty acid supple-
mentation in the management and/or prevention
of asthma for adults or children either in or
beyond North America. This is due to the lack
of sufficiently consistent evidence, as well as the
paucity of evidence from well-designed, well-
conducted and adequately powered studies.
Further research is needed to establish or refute
the value of omega-3 fatty acids to prevent or
treat asthma in children and adults.56

A Cochrane review assessed the effect of
omega-3 fatty acids in asthma. Nine RCTs were
included. There was no consistent effect on any
of the analysable outcomes: FEV1, peak flow
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rate, asthma symptoms, asthma medication use
or bronchial hyper-reactivity. One of the trials
in children, which combined dietary manipu-
lation with fish oil supplementation, showed
improved peak flow and reduced asthma medi-
cation use. There were no adverse effects assoc-
iated with fish oil supplements. The authors con-
cluded that there is little evidence to recommend
that people with asthma supplement or modify
dietary intake of marine omega-3 fatty acids in
order to improve their asthma control. Equally
there is no evidence that they are at risk if they
do so.57

Diabetes
Although fish oil has been linked with deterio-
ration in glucose and insulin control in patients
with diabetes mellitus, results from studies with
fish oil in such patients have been inconsistent.
Treatment with n-3 fatty acids led to a small
increase in blood glucose levels in diabetes in
one study,58 but not in another.59 However,
a meta-analysis concluded that fish oil has no
adverse effects on glucose or insulin metabolism
in patients with diabetes, and lowers triacyl-
glycerol levels effectively by 30%.60

A US systematic review40 including 18 studies
of type 2 diabetes or the metabolic syndrome
concluded that omega-3 fatty acids had a
favourable effect on triglyceride levels, but had
no effect on total cholesterol, HDL cholesterol,
LDL cholesterol, fasting blood sugar, or glyco-
sylated haemoglobin, by meta-analysis. Omega-
3 fatty acids had no effect on plasma insulin or
insulin resistance in patients with type 2 diabetes
or the metabolic syndrome.

A Cochrane review looked at 18 trials
and 823 participants followed for a mean of
12 weeks taking doses of fish oils ranging from 3
to 18 g daily. Outcomes studied were glycaemic
control and lipid levels. Meta-analysis of pooled
data demonstrated a significant effect of fish
oil on lowering triglycerides by 0.56 mmol/L
(95% CI: –0.71 to –0.4) and raising LDL
cholesterol by 0.21 mmol/L (95% CI: 0.02 to
0.41). No statistically significant effect was
observed for fasting glucose, HbA1c, total
or HDL cholesterol. The triglyceride lowering
effect and the elevation in LDL cholesterol
were most marked in those trials that recruited

people with hypertriglyceridaemia and used
higher doses of fish oil. No adverse effects
were reported. The reviewers concluded that
fish oil supplementation in type 2 diabetes
lowers triglycerides, may raise LDL cholesterol
(especially in hypertriglyceridaemic patients on
high doses of fish oil) and has no significant
effect on glycaemic control.61

Mental health
The potential role of fish oil in mental disorders
is now being investigated. A number of studies
have found low levels of n-3 fatty acids in
cell membranes of patients with depression,
schizophrenia and Alzheimer’s disease, and it
has been suggested that low dietary intakes of
n-3 fatty acids or an imbalance in the n-6:n-3
ratio might be associated with these conditions.

A Cochrane review including five short, small
trials concluded that there are no clear effects
of omega-3 fatty acids in schizophrenia and
that large, well-conducted trials are needed.62 A
US systematic review of the effects of omega-3
fats on mental health found that evidence was
somewhat suggestive of benefit for omega-3
fatty acids as a short-term intervention for
schizophrenia. However, the trials need repli-
cation with better methodology. One of the
included trials demonstrated a clinical effect
in depressive symptoms (rather than depressive
disorders) and should not be taken to support
the idea that omega-3 fatty acids are beneficial
for depressive disorders. The review concluded
that there is insufficient evidence to recommend
omega-3 fatty acids as a supplemental treatment
for any other psychiatric disorders or as a
primary treatment for any of the conditions con-
sidered in the review (i.e. mainly schizophrenia
and depression).63

A double-blind, placebo-controlled trial in 28
patients with major depressive disorder found
that omega-3 PUFAs (6.6 g daily) significantly
decreased the score on the 21-item Hamilton
Rating Scale for Depression. The authors con-
cluded that from the preliminary findings in this
study, omega-3 PUFAs could improve the short-
term course of illness and were well tolerated in
patients with major depressive disorder.64

A further double-blind, placebo-controlled
trial of fish oil involved 77 participants who
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were randomly allocated to receive 8 g of either
fish oil or olive oil per day for 12 weeks
in addition to their existing antidepressant
therapy. Mood increased significantly in both
groups within the first 2 weeks of the study and
this improvement was sustained throughout.
However, there was no evidence that fish oil
improved mood when compared with placebo
oil, despite an increase in circulating omega-3
polyunsaturated fatty acids.65

Cognitive function and neurological
conditions
A US systematic review that included 12
articles concluded that fish consumption was
only weakly associated with a reduced risk of
cognitive impairment and had no association
with cognitive decline. Fish consumption was
associated with a reduced risk of Alzheimer’s
disease (which was significant in only one of the
included studies), while omega-3 consumption
and consumption of DHA (but not ALA or EPA)
were associated with a significant reduction in
the incidence of Alzheimer’s. There were no
significant associations for Parkinson’s disease
and effects in multiple sclerosis varied consider-
ably from no benefit to increased disability with
omega-3 fatty acids.66

A Cochrane review of omega-3 fatty acids for
prevention of dementia found that a growing
body of evidence from biological, observational
and epidemiological studies suggests a pro-
tective effect of omega-3 fatty acids against
dementia. However, the reviewers found no
randomised trials that met their selection criteria
and they concluded there is no good evidence
to support the use of dietary or supplemental
omega-3 fatty acids for the prevention of cogni-
tive impairment or dementia.67

A more recent 12-month double-blind RCT
in 31 patients with multiple sclerosis found
that a low-fat diet supplemented with omega-3
PUFA can have moderate benefits in relapse-
remitting multiple sclerosis patients on concur-
rent disease-modifying therapies.68

Child and maternal health
Claims are increasingly made that an increase
in maternal omega-3 fatty acid intake has the
potential to influence both maternal health

during pregnancy and also foetal health and
birth weight. Results of studies conducted in the
Faroe Islands suggest that marine diets, which
contain omega-3 fatty acids, increase birth
weight either by prolonging pregnancy or by
increasing foetal growth rate. In addition it has
been hypothesised that marine oils may reduce
the risks of certain pregnancy complications,
including pre-term delivery, intrauterine growth
retardation, pre-eclampsia and gestational
diabetes.

Similarly, it has also been suggested that
accumulation of omega-3 fatty acids in the child
post-delivery can affect the development and
health of the child. Infants fed with human
milk have improved neurocognitive develop-
ment compared to formula-fed infants and it
has been suggested that one of the contributing
factors may be the availability of long-chain
derivatives of linoleic acid and alpha-linolenic
acid, which are present naturally only in human
milk. Infant formulae containing omega-3 long-
chain PUFAs are now on the UK market.

A US systematic review has addressed these
issues.69 Various outcomes, including preg-
nancy outcomes, growth pattern outcomes,
neurological development outcomes, visual
function outcomes and cognitive development
outcomes were considered. Fifteen RCTs, all
poor quality, addressed pregnancy outcomes in
relation to omega-3 intake in the mother. No
difference was found in duration of gestation in
10 studies, while four very poor-quality studies
found that omega-3 fatty acids increased the
duration of gestation compared with placebo.
There was no significant effect on the pro-
portion of premature deliveries in 10 studies.
Meta-analysis of the incidence of premature de-
liveries showed inconsistent evidence of the use
of omega-3 fatty acid supplements during the
second or third trimester of pregnancy to reduce
the incidence of premature pregnancies in both
high- and low-risk populations. No significant
effects were found for omega-3 fatty acids on the
incidence of gestational hypertension and pre-
eclampsia. There were no significant differences
in birth weight between supplemented and non-
supplemented groups of mothers.

Maternal intake of omega-3 fatty acids was
also investigated for an effect on growth pattern
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outcomes in the infant. Overall effects on
infant growth patterns were found to be non-
significant in infants from birth to 12 months
of age. Analysis of studies in which pre-
term infants were fed formula milk containing
omega-3 fatty acids resulted in non-significant
findings for growth parameters. In formula-fed
term infants, meta-analysis demonstrated a non-
significant overall effect of formulae containing
DHA and arachidonic acid compared with
control formula on growth patterns at 4 and
12 months.

Neurological development outcomes from
studies included in the review were not signifi-
cantly affected by maternal intake during
pregnancy or the omega-3 content of breast
milk. No significant differences in neurological
outcomes were found in either pre-term infants
or term infants fed supplemented formula milk
compared with control formula.

According to this review, visual function
in the infant was not significantly affected by
either maternal intake during pregnancy or the
omega-3 content of breast milk. Variable results
in visual function according to formula intake in
both pre-term and term infants have been found.
Better or faster maturation of visual acuity has
been found in some studies but not all.

Effects on cognitive development in infants
according to maternal intake of omega-3 during
pregnancy, the omega-3 content of maternal
breast milk, and whether pre-term and term for-
mulae were supplemented with omega-3 were
also inconsistent.

In summary, this systematic review con-
cluded that pregnancy outcomes were either
unaffected by omega-3 fatty acid supplemen-
tation or the results were inconclusive. Results
suggested an absence of effects with respect to
the impact of supplementation on gestational
hypertension, pre-eclampsia or eclampsia.
Results concerning the impact of the intake
of omega-3 fatty acids on the development of
infants are primarily, although not uniformly,
inconclusive.

More recent trials have shown: a small
effect of DHA levels in breast milk on early
language development in breast-fed infants;70 a
positive effect of maternal n-3 supplementation
on child growth at 2.5 years;71 a positive effect

of DHA supplementation in mothers on child
neurodevelopment as measured by the Bayley
Psychomotor Development Index at 30 months
of age (but with no other advantages before,
at or after this age);72 and a positive effect of
formula supplemented with long-chain PUFAs
on visual acuity.73

There is also some evidence that maternal
dietary n-3 PUFA intake can reduce the risk of
development of allergy in the infant.74,75

Behavioural problems
Fatty acids have been the subject of a great deal
of attention over their potential benefit in chil-
dren with various behavioural disorders. There
is growing evidence that a relative lack of cer-
tain polyunsaturated fatty acids may contribute
to related neurodevelopmental and psychiatric
disorders such as dyslexia and attention deficit
hyperactivity disorder (ADHD).

An RCT in 117 children with developmental
coordination disorder (DCD) found that sup-
plementation with omega-3 and omega-6 fatty
acids resulted in significant improvements in
reading, spelling and behaviour over 3 months
of treatment. No effect on motor skills was
apparent in this study.76

In a study involving 40 children (aged 6–
12 years) with ADHD, DHA supplementation
(3.6 g/week) for 2 months did not improve
ADHD-related symptoms.77 A further study
in 60 children with ADHD found that DHA
supplementation (345 mg daily) did not reduce
symptoms of ADHD.78

Fish oil (providing 3600 mg DHA + 840 mg
EPA per week) for 3 months was associated
in one study with reduced physical aggression,
particularly in girls.79

Renal disease
Fish oil has been investigated for potential ben-
efit in kidney disease. In a placebo-controlled,
multicentre trial, 106 patients were randomised
to receive either 12 g of fish oil daily over a
period of 2 years or placebo.80 The rate of
loss of kidney function was retarded in the
supplemented group and the beneficial effect
was suggested to be due to the impact of n-3
fatty acids on eicosanoid production and other
factors. However, other studies have shown
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no such benefits and more work is needed. A
more recent RCT investigated the effect of low-
dose omega-3 PUFAs (0.85 g EPA and 0.57 g
DHA) in 14 patients with IgA nephropathy.
The supplement was effective in slowing renal
progression in these high-risk patients.81

A US systematic review, which included nine
studies assessing the effect of omega-3 fatty
acids in renal disease, found there were varying
effects on serum creatinine and creatinine clear-
ance and no effect on progression to end-stage
renal disease. In a single study that assessed
the effect on haemodialysis graft patency, graft
patency was better with fish oil than with
placebo. No studies in this review assessed the
effects of omega-3 fatty acids on requirements
for corticosteroids.40

Cancers
In animal studies, fish oils have been shown
to reduce cell proliferation and pre-cancerous
cell changes, and some epidemiological studies
in humans have suggested that fish oils might
be protective against cancer. A US systematic
review concluded that evidence from the large
body of literature does not suggest a signifi-
cant association between omega-3 fatty acids
and cancer incidence. From a small body of
literature no significant association was found
between omega-3 fatty acids and clinical out-
comes after tumour surgery.82 Another system-
atic review of 38 papers (published between
1966 and October 2005) did not provide any
evidence to suggest a significant association
between omega-3 fatty acids and cancer
incidence.83

Miscellaneous
A US systematic review considered the role of
omega-3 fatty acids in SLE. Among the three
studies included in the review, variable effects
on SLE were found. Omega-3 fatty acids had
no effect on corticosteroid requirements in one
study. No studies were identified that assessed
the effects of omega-3 fatty acids on require-
ments for other immunosuppressive drugs for
SLE. None of the studies used a measure of
disease activity that incorporates both subjective
and objective measures of disease activity.40

Omega-3 fatty acids have also been investi-
gated for a role in prevention of osteoporosis.
A review that included five reviews and 11 in
vivo studies (eight in animals and three RCTs
in humans) found that two of the human RCTs
showed a positive effect of a low n-6/n-3 ratio on
bone, while the third human study showed no
effect. The authors concluded that these data,
though preliminary, suggest that a diet with a
low n-6/n-3 ratio may have beneficial effects
on BMD.84 A US systematic review37 including
five human studies concluded that the effect of
omega-3 fatty acids on bone was variable.

A US systematic review has looked at the
effects of omega-3 fatty acids in eye health. Six-
teen studies were identified, of which only two
were RCTs. The review concluded that from
the studies identified, no conclusions could be
reached about the effect of omega-3 fatty acids
as a primary or secondary prevention in eye
health, including ARMD, retinitis pigmentosa,
cataract, and also vascular disease of the retina
in patients with and without diabetes.85

There is also growing interest in the role
of n-3 fatty acids in other conditions affecting
respiration, including hay fever, COPD and
cystic fibrosis.

Conclusion
Fish oil appears to reduce the risk of CHD. It
may help to: reduce the risk of thrombosis by
increasing bleeding tendency; reduce blood
levels of triacylglycerols; prevent atheroscle-
rosis and arrhythmias; and reduce blood
pressure. Fish oil could have beneficial
effects in inflammatory conditions such as
rheumatoid arthritis, Crohn’s disease and
inflammatory bowel disorders, but evidence
of benefit in asthma and psoriasis is poor.
Fish oil may have a role in various mental
disorders, such as depression, schizophre-
nia and Alzheimer’s disease, but research in
this area is in its infancy. Evidence of benefit
of fish oil in maternal and child health, in-
cluding child development and visual acuity,
is conflicting. Evidence of value of omega-3
fatty acids in childhood behavioural disor-
ders, such as developmental coordination
disorder, is increasing.
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Precautions/contraindications

Patients with blood clotting disorders or those
taking anticoagulants should be monitored
while taking fish oils.

Pregnancy and breast-feeding

Use in pregnancy should be supervised (because
of the potential for vitamin A toxicity with
excessive intakes of fish liver oil).

Adverse effects

Vitamin A and D toxicity (fish liver oil only).
The unpleasant taste of fish liver oil liquids may
be masked by mixing with fruit juice or milk.

Fish oil supplements are generally safe, and
in one prospective study involving 295 people
aged 18–76 years,86 10–20 ml of fish oil pro-
viding 1.8–3.6 g EPA/DHA for 7 years was not
associated with any serious adverse effects. The
safety of n-3 fatty acids from fish oil (derived
from menhaden) was reviewed by the US Food
and Drug Administration (FDA) in 1997. After
reviewing more than 2600 articles, the FDA
concluded that dietary intakes of up to 3 g daily
of EPA/DHA from menhaden oil were generally
regarded as safe (GRAS).87 The FDA came to
this conclusion after considering three main
issues related to the safety of fish oils: firstly,
the risk of deteriorating glycaemic control in
type 2 diabetes; secondly, prolonged bleeding
times; thirdly, the risk of increasing LDL levels
in patients with hypertriglyceridaemia.

Many fish oil supplements (e.g. cod liver oil,
halibut liver oil) contain vitamin A and vitamin
D – fat-soluble vitamins that can be toxic in
excessive amounts. However, the amount of
these vitamins contained, for example, in an
average multivitamin supplement containing no
more than 100% of the RDAs together with
the amounts in a recommended dose of, say,
ordinary cod liver oil are unlikely to be harmful.
However, care should be taken in pregnancy
not to take excessive amounts of vitamin A, and
product labels should be checked.

Other safety concerns expressed in relation
to fish oils include the potential to increase
bleeding time (a beneficial effect in relation

to prevention of CHD) and the possibly of
altering glycaemic control in diabetes. How-
ever, it is unlikely that any of these effects is
a problem, particularly with intakes of <3 g
EPA/DHA daily. Nevertheless, patients taking
anticoagulant medication or those with blood
clotting disorders should be monitored while
taking fish oils. This does not mean that such
patients have to avoid fish oils – just that their
doctor should be aware of it.

There is also concern about industrial con-
taminants in fish oil supplements. These include
dioxins and polychlorinated biphenyls (PCBs).
There is no immediate danger to health, but
risks come from long exposure to high levels.
In 2001, the UK Committee on Toxicity (COT)
set a tolerable daily intake for dioxins and
dioxin-like PCBs of 2 pg TEQ/kg/bw/day. (For
comparison the EU Scientific Committee on
Food (SCF) set a tolerable weekly intake of
14 pg/kg/body weight). Since July 2002 it has
been an offence to place on the market any fish
oil supplements containing higher contaminant
levels.

Interactions

Drugs
Anticoagulants: may increase the risk of bleed-
ing; use of fish oils should be medically
supervised, but fish oils need not be avoided in
patients taking anticoagulants.
Aspirin: may increase the risk of bleeding; use
of fish oils in patients on long-term treatment
with aspirin should be medically supervised.
Dipyridamole: may increase the risk of bleeding;
use of fish oils should be medically supervised.

Nutrients
Vitamin E: fish oils increase the requirement
for vitamin E (absolute additional requirements
not established, but 3–4 mg vitamin E per gram
of total EPA/DHA appears to be adequate;
sufficient amounts of vitamin E are added to
most fish oil supplements; there is unlikely to
be a need for any extra). Theoretically, vitamin
E may be synergistic in increasing the bleeding
tendency with fish oil, although there is no
evidence for this.
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Supplements
Gingko biloba: may increase the bleeding ten-
dency with fish oils, although there is no
evidence for this.
Ginseng: may increase the bleeding tendency
with fish oils, although there is no evidence for
this.

Dose

Fish oil supplements are available in the form of
capsules and liquids.

The dose is not established. Dietary
supplements provide 100–1500 mg combined
EPA/DHA per dose; clinical trials of fish oil
supplements showing beneficial effects have
often used 3–4 g daily (combined EPA/DHA),
but doses of 1–2 g daily may be adequate.

Note 1: Intake of cod liver oil should not
be increased above the doses recommended
on the product label to achieve higher intakes
of EPA/DHA (risk of vitamin A and D tox-
icity). Several capsules of cod liver oil could
be required to provide the same amount of
EPA/DHA as a single dose of cod liver oil
liquid. There is no risk of vitamin toxicity with
one dose of cod liver oil liquid, but toxicity is
likely if several capsules are ingested (vitamin
concentration is usually higher in capsules).

Note 2: Fish oil supplements are not identical;
they provide different amounts of EPA/DHA.
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Flavonoids

Description

Flavonoids (or bioflavonoids) are a large
group of polyphenolic compounds, ubiquitously
present in foods of plant origin. Some flavonoids
(e.g. quercetin, rutin) are available as dietary
supplements.

Constituents

Bioflavonoids are a group of polyphenolic anti-
oxidants, which often occur as glycosides.
Flavonoids can be further subdivided into five
main groups:

� flavonols (e.g. kaempferol, quercetin and
myricetin)

� flavones (e.g. apigenin and luteolin)
� flavonones (e.g. hesperetin, naringenin, erio-

dictyol)
� flavan-3-ols (e.g. (+)-catechin, (+)-gallo-

catechin, (–)-epicatechin, (–)-epigallo-
catechin)

� anthocyanins (e.g. cyanidin, delphinidin,
malvidin, pelargonidin, peonidin, petunidin)

� proanthocyanidins.

More than 4000 flavonoids have been identified,
and many have been studied in the labora-
tory and in animal studies, but apart from
quercetin, few have been studied in humans.
Most flavonoids are colourless but some are
responsible for the bright colours of many fruit
and vegetables. Flavonoids are distinguished
from the carotenoids (see Carotenoids), which
are the red, yellow and orange pigments found
in fruit and vegetables. Unlike carotenoids,
flavonoids are water-soluble.

Action

Flavonoids appear to display several effects.1

They:

� act as scavengers of free radicals, including
superoxide anions, singlet oxygen, and lipid
peroxyl radicals (they have antioxidant prop-
erties);

� sequester metal ions;
� inhibit in vitro oxidation of LDL cholesterol;
� inhibit cyclo-oxygenase, leading to lower

platelet aggregation, decreased thrombotic
tendency and reduced anti-inflammatory
activity;

� inhibit histamine release;
� improve capillary function by reducing

fragility of capillary walls and thus prevent-
ing abnormal leakage; and

� inhibit various stages of tumour development
(animal studies only).

The activities of flavonoids are dependent on
their chemical structure.

Human requirements

No proof of a dietary need exists.

Dietary intake

Estimates of dietary flavonoid intake vary from
10 to 100 mg daily, depending on the popula-
tion studied, the technique used and the number
and identity of flavonoids measured. If all
flavonoids are included, intake may be several
hundreds of milligrams a day, particularly if red
wine is consumed in large amounts.
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Table 1 Flavonoid content of selected foods (mg/100 g)

Food Flavonols Flavones Flavanones Flavan-3-ols Anthocyanidins Pro-anthocyanidins

Apples 4.42 0 – 9.09 – 80–130
Bananas – – – 0 – 3.37
Beans, kidney – – – 2.01 – 510
Blackberries – – – – – 23.31
Blackcurrants 13.50 – – 1.17 149.7
Blueberries 3.93 – – 1.11 112.55 176.49
Broccoli, cooked 2.44 – – – – 0
Cherries, raw 1.25 0 – 11.70 117.42 19.13
Chocolate bar, dark – – – 53.49 – 170
Chocolate bar, milk – – – 13.45 – 70
Elderberry, raw 42.00 – – – 749.24 –
Grapefruit juice 0.1 – 24.13 – – 0
Grapes, black 2.8 0 – 20.9 – –
Grapes, green 1.32 0 – 4.92 – 81.54
Kale, raw 34.45 0 – – – –
Kiwi – – – 0.45 – 1.83
Lemon juice, raw – 0 18.33 – – –
Nectarines – – – 2.74 – 29.36
Onions, cooked 19.71 – – – 0
Onions, red, raw 37.87 0 – – 13.14 –
Orange juice – – 5.08 – – 0
Orange – – 43.88 – – 0
Parsley, raw 8.85 303.24 0 – – 0
Peaches 0 0 0 2.33 – 71.75
Pears 0.3 0 – 3.53 – 42.3
Plums, black 1.2 0 – 6.19 – 220.66
Pomegranate – – – – – 1.10
Raspberries 0.83 – – 9.23 47.6 25.07
Strawberries 1.44 0 – 4.47 141.67
Tea, black, brewed 3.86 0 – 73.44 13.34
Tea, green, brewed 5.21 0.34 – 132.43
Tomato, cherry 2.87 – – – 0
Tomato, raw 0.64 0 – – 0
Thyme, fresh – 56.00
Wine, table red 1.64 0 – 11.9 9.19 61.63
Wine, table white 0.06 0 – 1.38 0.06 0.81

USDA database: http://www,nal.usda.gov/fnic/foodcomp

–, not analysed to date

Dietary sources

Flavonoids are found in the white segment or
ring of fruit (especially citrus fruit) and vege-
tables, and also in tea and red wine. In the UK,
tea, apples and onions seem to be major sources.
Flavonoid content of foods varies widely (see

Table 1). Cherry tomatoes contain higher con-
centrations than normal-sized tomatoes, and
Lollo Rosso lettuce more than iceberg lettuce.1

The flavonoid content of red wine may also vary
widely, depending on the source, growing con-
ditions and harvesting of the grapes.2 Chocolate
is also a good source of flavonoids (including
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flavonols, flavanols, catechins, epicatechins and
proanthocyanidins).

Possible uses

Flavonoids have been investigated for a poten-
tial role in the prevention of CVD, cancer and
cataracts. The totality of evidence suggests a role
for flavonoids in prevention of CVD, cancer and
possibly other chronic diseases.3,4

Cardiovascular disease
Epidemiological studies have suggested that
consumption of fruit and vegetables may protect
against CVD. That such a benefit could occur
as a result of dietary antioxidant vitamins is
well known, but the presence of flavonoids
in these foods may also account for these
findings.

Bioflavonoids may help to reduce the risk
of heart disease (possibly by helping to dilate
the coronary arteries and by preventing
atherosclerosis). The Zutphen study from the
Netherlands5 demonstrated a reduced risk of
CHD and a reduced incidence of myocardial
infarction in men aged 65–84 years associated
with increased ingestion of dietary flavonoids.
The major dietary sources of flavonoids in
this study were tea (61%), onions (13%) and
apples (10%). Flavonoid intake was inversely
associated with CHD mortality, with a 68%
reduction in risk for intake >19 mg daily.
There was, however, no correlation between
flavonoid intake and CHD incidence among
those with no history of myocardial infarction.
The researchers later updated their results,6

extending follow-up to 10 years. Similar results
for CHD mortality were found, but a smaller
risk reduction and a borderline significant
trend (P = 0.08) for the incidence of CHD
existed.

Another part of the Zutphen study7 inves-
tigated a cohort of men aged 50–69 years, fol-
lowing them up for 15 years. Dietary flavonoids
(mainly quercetin) were inversely associated
with stroke incidence after adjustment for po-
tential confounders, including antioxidant vita-
mins. The relative risk of stroke for the highest
versus the lowest quartile of flavonoid intake
was 0.27. A lower stroke risk was also observed
for the highest quartile of beta-carotene intake,

but vitamins C and E were not associated with
stroke risk. Black tea contributed about 70%
to flavonoid intake. The relative risk for daily
consumption of 4.7 cups or more of tea versus
less than 2.6 cups of tea was 0.31 (95% CI, 0.12
to 0.84).

However, the Caerphilly study in Wales
showed no reduced risk of heart disease with
increasing flavonoid consumption.8 This inves-
tigation involved 1900 men aged 45–59 who
were studied for up to 14 years. Tea provided
82% of the flavonoid intake, and was strongly
and positively associated with risk of CHD.

Baseline flavonoid intake was estimated in
16 cohorts of the Seven Countries Study,9 and
mortality from CHD, cancer and all causes was
investigated after 25 years of follow-up. Average
intake of flavonoids was inversely associated
with mortality from CHD and explained about
25% of the variance in CHD rates in the 16 co-
horts. Flavonoid intake was not independently
associated with mortality from other causes,
including cancer.

Two studies used data from American co-
horts of men and women. One study investi-
gated the relationship between flavonoid intake
and CHD risk in 34 789 men aged 40–75 in
1986 with a follow-up of 6 years.10 The main
sources of flavonoids were tea and onions.
Flavonoid intake > 40 mg daily was not associ-
ated with reduced CHD risk. The Iowa Wom-
ens’ Health Study11 investigated 34 492 post-
menopausal women aged 55–69 for subsequent
risk of CHD over a 10-year follow-up period.
Compared to women in the lowest quintile
(<5.8 mg daily) of flavonoid intake, those in
the highest quintile (18.7 mg daily) had a signifi-
cant 32% reduced risk of CHD death.

The association of tea intake with aortic
atherosclerosis has also been investigated in
a Dutch study.12 In a prospective study of
3454 men and women aged 55 and older, who
were free of CVD at baseline, tea intake was
inversely correlated with severe (but not mild or
moderate) aortic atherosclerosis.

A meta-analysis of seven prospective cohort
studies published before 2001 included 2087
fatal CHD events. Comparison of those in
the top third with those in the bottom third
of dietary flavonol intake yielded a combined
risk ratio of 0.8 (95% CI, 0.69 to 0.93) after
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adjustment for known CHD risk factors and
other dietary components. The authors con-
cluded that high dietary intakes of flavonols
from a small number of fruits and vegetables,
tea and red wine may be associated with
reduced risk of CHD mortality in free-living
populations.13

A prospective study in 38 445 women (free
of CVD and cancer) with a mean follow-up
period of 6.9 years found no significant linear
trend for CVD and important vascular events
across quintiles of flavonoid intake. No indi-
vidual flavonol or flavone was associated with
CVD. Broccoli and apple consumption were
associated with non-significant reductions in
CVD risk. A small proportion of women (1185)
consuming four or more cups of tea a day had
a reduction in the risk of important vascular
events but with a non-significant linear trend.
In this study flavonoid intake was not strongly
associated with risk of CVD.14

In the SU.VI.MAX study (an 8-year trial
evaluating the effect of antioxidant supple-
mentation on the incidence of major chronic
disease), flavonoid-rich food in women was
inversely associated with systolic blood pres-
sure. No such relationship was seen in men.
Women in the highest tertile of flavonoid-rich
food consumption were at lower risk for CVD
(OR 0.31; 95% CI, 0.14 to 0.68), while a
positive tendency was observed in men. In this
study, a high consumption of flavonoid-rich
food appeared to reduce cardiovascular risk in
women.15

Chocolate has attracted attention for its
possible role in preventing CVD. A systematic
review of 136 publications, mainly short-term
feeding trials, suggested that cocoa and choco-
late may exert benefit on cardiovascular risk
via lowering blood pressure, anti-inflammatory
effects, anti-platelet function, raising HDL
and decreasing LDL oxidation. An associated
meta-analysis of flavonoid intake suggests that
these compounds may lower cardiovascular
mortality.16

Intervention trials have shown that
flavonoids can reverse endothelial dysfunction.
Endothelial dysfunction appears to be
important in the pathogenesis of CVD
so any improvement could reduce the risk of
coronary events. However, there is considerable

variation in the response in endothelial function
to flavonoids and this may be related to
inter-individual differences in flavonoid
metabolism.17

Cancer
Activity of flavonoids against malignant cells
has been demonstrated in vitro,18–20 and there
is much current interest in the potential use of
bioflavonoids in the prevention and treatment
of cancer.

In a Finnish study involving 9959 men and
women (initially cancer-free) aged from 15 to
99, high dietary flavonoid intake was shown to
reduce the risk of cancer.21 Researchers involved
in the Iowa Women’s Health Study showed that
in 35 000 post-menopausal women, those who
drank more than two cups of tea a day were
32% less likely to have cancers of the mouth,
oesophagus, stomach, colon and rectum. Risk
of urinary tract cancer was reduced by 60%. In
those who drank more than four cups of tea a
day, the risk of cancer was lowered by 63%.22

Onions are high in flavonoids, which might
explain the reduced risk of stomach cancer
among those with a high intake of onions in
a group of 120 852 men and women aged 55 to
69 years.23

A review of data from four cohort studies and
six case-control studies examining associations
between flavonoid intake and cancer risk found
consistent evidence that flavonoids, especially
quercetin, may reduce the risk of lung cancer.24

In the Nurses Health Study II, validated food
frequency questionnaires from 90 630 women
showed no associations between flavonols and
breast cancer risk and there were no asso-
ciations between individual flavonols such as
kaempferol, quercetin and myricetin and breast
cancer risk. However there was a significant
inverse association between breast cancer and
beans and lentils.25

Cataract
There may be a role for flavonoids in preventing
diabetes-related cataract formation. In diabetes
mellitus, excess sorbitol or dulcitol is produced
by the conversion of glucose by aldose reduc-
tase. The dulcitol cannot be further metabolised
and therefore forms a hard crystalline layer in
the lens, which forms the cataract. Flavonoids
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are potent inhibitors of the enzyme,26 but
further studies are required before flavonoids
could be recommended for cataract prevention.

Miscellaneous
Experimental studies have demonstrated that
some flavonoids prevent ulcer formation,27 and
that they may be useful in treating ulcers.

Flavonoids have been investigated for poten-
tial anti-viral activity. In vitro tests have shown
some activity against rhinovirus (responsible
for 50% of common colds), but little activity
against herpes simplex and influenza virus.28

Many claims have been made for the use-
fulness of bioflavonoids in a range of disor-
ders, including haemorrhoids, allergy, asthma,
menopausal symptoms and the prevention of
habitual abortion, but scientific studies are
required to investigate these claims. The sugges-
tion has been made that flavonoids may reduce
the occurrence of type 2 diabetes. However, a
prospective study in 38 018 women aged over
45 and free of CVD, cancer and diabetes with
an average 8.8-year follow-up found that total
flavonols, flavones or individual compounds
were associated with risk of type 2 diabetes,
although apple and tea consumption was in-
versely associated with diabetes risk.29

Quercetin
As a dietary supplement, quercetin is promoted
for prevention and treatment of atherosclerosis
and hyperlipidaemia, diabetes, cataracts, hay
fever, peptic ulcer, inflammation, prevention of
cancer and for treating prostatitis. A prelimi-
nary, double-blind, placebo-controlled trial in
chronic non-bacterial prostatitis showed that
quercetin reduced pain and improved quality of
life, but had no effect on voiding dysfunction.30

However, there is insufficient reliable informa-
tion about the effectiveness of quercetin for
other indications.

Rutin
As a dietary supplement, rutin is used to reduce
capillary permeability and treat symptoms of
varicose veins. In combination with bromelain
and trypsin, rutin is used to treat osteoarthritis.
In one double-blind trial, 73 patients with osteo-
arthritis of the knee were randomly assigned

to a combination enzyme product (containing
rutin, bromelain and trypsin) or diclofenac. The
enzyme product had a similar effect on reducing
pain and mobility of the knee to diclofenac.31

However, there is insufficient reliable informa-
tion about the effectiveness of rutin for other
indications.

Conclusion
High dietary intakes of flavonoids have
been linked with a reduced risk of CHD,
cancer and cataracts. However, although
a number of supplements (e.g. quercetin,
rutin) are now available, there is currently
only limited evidence that supplements are
beneficial in any condition.

Pregnancy and breast-feeding

No problems have been reported.

Adverse effects

None reported. However, there are no long-
term studies assessing the safety of flavonoid
supplements.

Interactions

None reported.

Dose

Flavonoids (e.g. quercetin, rutin) are available
in the form of tablets and capsules.

The dose is not established; dietary supple-
ments of quercetin and rutin provide around
500 mg in a single dose.
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Flaxseed oil

Description

Flaxseed is the soluble fibre mucilage obtained
from the fully developed seed of Linus usitatis-
simum.

Constituents

Flaxseed is a rich source of alpha-linolenic
acid and lignans. Alpha-linolenic acid is an
essential fatty acid of the n-3 (omega-3) series,
which must be supplied by the diet. It can
be converted into longer-chain fatty acids of
the n-3 series, such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), the
fatty acids found in fish oils (see Fish oils).

Action

Fatty acids of the n-3 series (like those of the
n-6 series) are precursors to a range of
prostaglandins, thromboxanes and leuko-
trienes, and those formed from the n-3 series
are generally less pro-inflammatory and athero-
genic than those formed from the n-6 series.
In addition, there is competition between the
fatty acids of both series for the enzyme systems
that effect chain elongation, suggesting that a
balance between the two types of fatty acids
is important; it is estimated that an optimal
ratio between n-3 and n-6 fatty acid is 1:4.
However, changes in food production and
advice to consume polyunsaturated fats has
led to an increase in the n-6 fatty acids at
the expense of the n-3 fats, and the ratio of
n-3 to n-6 fats is between 1:10 and 1:30.
Flaxseed oil, which contains approximately
three times more n-3 than n-6 fatty acids, may

help to reverse the imbalance between n-3 and
n-6 fats.

Lignans are a type of phytoestrogen. They
are digested in the colon to produce enterodiol
and enterolactone, lignans that are thought to
be protective against cancer.

Possible uses

Traditionally, flaxseed has been used for con-
stipation and other bowel disorders such as
diverticulitis and irritable bowel syndrome
(IBS). In theory, it may also be useful as a source
of n-3 fatty acids for the same conditions (e.g.
CVD and other inflammatory disorders) where
fish oil has benefit. It is also a useful oil for
vegetarians, to help improve the balance
between omega-3 and omega-6 fatty acids,
because vegetarians tend to consume significant
quantities of omega-6 fatty acids.

Cardiovascular disease
In a small trial, 11 healthy male subjects were
randomly assigned to receive 40 g flaxseed oil or
sunflower seed oil for 23 days.1 A statistically
significant reduction in platelet aggregation
response to collagen was found in subjects
supplemented with flaxseed but not with sun-
flower seed. The authors noted that the higher
percentage of energy from fat in the sunflower
oil might have skewed the results. In spite of
this limitation, the conclusion was that oils
rich in alpha-linolenic acid may offer increased
protection in CVD (via reduction in platelet
aggregation) compared with oils rich in linoleic
acid.

In a randomised, double-blind study, 32
healthy subjects received either 35 mg flaxseed
oil or 35 mg fish oil for 3 months.2 In contrast

124



Flaxseed oil 125

to fish oil, flaxseed had no effect on serum
triglyceride or cholesterol levels, but the authors
concluded that the dose may have been insuffi-
cient or that conversion of alpha-linolenic acid
to EPA was inadequate.

In a double-blind crossover study, 29 subjects
with hyperlipidaemia were given (in random
order) muffins containing either 50 g partially
defatted flaxseed or wheat bran (control) each
day for 3 weeks. Flaxseed significantly reduced
total serum cholesterol by 4.6% and LDL
cholesterol by 7.6%, but there were no effects
on HDL cholesterol.3

In a double-blind, placebo-controlled study,
11 patients with well-controlled type 2 diabetes
were given flaxseed oil or fish oil capsules for
3 months each, in random order. Fish oil, but
not flaxseed oil, reduced serum triglycerides, but
there were no significant differences between
the two oils in relation to total, LDL and HDL
cholesterol levels.4

In a study involving post-menopausal women
who were not on HRT, flaxseed supplemen-
tation (40 g with 1 g of calcium and 400 units
of vitamin D daily) lowered both serum
total cholesterol and non-HDL cholesterol by
6% whereas the comparative control regime
had no such effect. Flaxseed reduced serum
levels of both LDL and HDL cholesterol by
4.7% and triglyceride by 12.8% (although
these did not reach statistical significance).
Serum apolipoprotein B concentrations were
significantly reduced by 6.0% and 7.5%
respectively by the flaxseed regimen. Markers
of bone formation and resorption were not
affected.5

A trial in 25 menopausal women with total
cholesterol >6.2 mmol/L, a cholesterol:HDL
cholesterol ratio >4.5 and triglycerides
< 3.5 mmol/L compared 40 g crushed flaxseed
daily with 0.625 mg of conjugated equine
oestrogens alone or combined with proges-
terone. Both HRT and flaxseed produced
similar decreases in menopausal symptoms and
glucose and insulin levels. However, only HRT
significantly improved cholesterol profile and
favourably modified markers related to cardio-
vascular health.6

A meta-analysis of five cohort studies
and three clinical trials on alpha-linolenic acid

and heart disease, together with nine cohort
and case-control studies on alpha-linolenic acid
(ALA) and prostate cancer found that high
ALA intake was associated with reduced risk of
fatal heart disease in prospective cohort studies.
Three open-label trials also indicated that ALA
may protect against heart disease. However,
epidemiological studies in this meta-analysis
also showed an increased risk of prostate cancer
in men with a high intake or blood level of
ALA.7

More recently, an RCT in 199 menopausal
women found that flaxseed (40 g daily) reduced
serum total cholesterol and HDL cholesterol
compared with placebo. There was no signifi-
cant change in BMD or menopausal symptoms.8

A further RCT in 57 men with an atherogenic
lipoprotein phenotype found that fish oil pro-
duced predictable changes in plasma lipids and
small dense LDL that were not reproduced by a
diet enriched with ALA.9

A systematic review of 14 studies found
that ALA supplementation may cause small de-
creases in fibrinogen concentrations and plasma
glucose, but most cardiovascular risk markers
do not appear to be affected. The reviewers
concluded that supplementation with ALA to
reduce CVD cannot be recommended.10

Cancer
There is some evidence from animal studies that
flaxseed inhibits tumour growth, particularly
mammary tumours,11,12 but clinical trials are
needed to assess whether flaxseed has anti-
cancer properties in humans.

Autoimmune disorders
In a double-blind, placebo-controlled study in-
volving 22 patients with rheumatoid arthritis,
30 g flaxseed powder daily for 3 months had no
effect on clinical subjective parameters of the
disorder compared with sunflower oil.13

A small study in eight patients with SLE,
present as lupus nephritis, found that flaxseed
in a dose of 30 g daily improved renal func-
tion and inflammatory mediators and was well
tolerated.14
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Conclusion
Theoretically, flaxseed as a source of n-3
fatty acids could benefit the same conditions
as those indicated for fish oil. However,
research data are currently insufficient to
make recommendations for supplements for
reduction in risk of heart disease and cancer
or management of rheumatoid arthritis and
other inflammatory conditions.

Precautions/contraindications

No problems have been reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of flaxseed in pregnancy and breast-
feeding.

Adverse effects

There are no known toxicity or serious side-
effects, but no long-term studies have as-
sessed the safety of flaxseed. Flaxseed contains
cyanogenic glycosides, which are naturally-
occurring toxicants. The long-term effects of
these compounds are unknown, but high doses
could increase plasma thiocyanate levels.

Interactions

None reported.

Dose

Flaxseed oil is available in the form of a liquid
and in capsules.

The dose is not established. Manufacturers
suggest one tablespoon of flaxseed oil daily.
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Fluoride

Description

Fluoride is a trace element.

Human requirements

There does not appear to be a physiological
requirement for fluoride and, in the UK, no
Reference Nutrient Intake has been set, but a
safe and adequate intake, for infants only, is
0.05 mg/kg daily.

Action

Fluoride has a marked affinity for hard tissues,
and forms calcium fluorapatite in teeth and
bone. It protects against dental caries and
may have a role in bone mineralisation. It
helps remineralisation of bone in pathological
conditions of demineralisation.

Dietary sources

Foods high in fluoride include seafoods and tea.
Cereals and milk are poorer sources. An impor-
tant source of fluoride is fluoridated drinking
water. In the UK, tea provides 70% of the total
intake; if the water is fluoridated, consumption
of large volumes of tea can result in fluoride
intakes of 4–12 mg daily.

Metabolism

Absorption
Oral fluoride is rapidly absorbed by passive
transport from the gastrointestinal tract; some
is absorbed from the stomach, and some from
the small intestine.

Distribution
Fluoride is found principally in bones and teeth.

Elimination
Elimination is mainly via the urine, with small
amounts lost in sweat (especially in warm
climates) and bile.

Deficiency

No essential function has been clearly estab-
lished; low levels of fluoride in drinking water
are associated with dental caries.

Possible uses

Dental caries
Fluoride is recommended for the prophylaxis of
dental caries in infants and children (see Dose,
below).

Osteoporosis
Evidence for a role of fluoride in osteoporosis
and prevention of fracture is conflicting. In one
study,1 there was a higher incidence of fractures
in an area of Italy with a lower concentration
of fluoride in the water than in another area.
In another study,2 women with continuous
exposure to fluoridated water for 20 years were
compared with those with no exposure. In
those with exposure, BMD was 2.6% higher at
the femoral neck, 2.5% higher at the lumbar
spine and 1.9% lower at the distal radius. In
addition, the risk of hip fracture was slightly
reduced, as was the risk of vertebral fracture.
However, there was no difference in the risk
of humerus fracture and a non-significant trend
towards an increased risk of wrist fracture.
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Table 1 Daily doses1 of fluoride (expressed as fluoride ion) in infants and children

Fluoride content of water Under 6 months 6 months–3 years 3–6 years Over 6 years

<300 µg none 250 µg 500 µg 1 mg
300–700 µg none none 250 µg 500 µg
>700 µg none none none none

1 Recommended by the British Dental Association, the British Society of Paediatric Dentistry and the British Association for

the Study of Community Dentistry (Br Dent J 1997 ; 182: 6–7).

In an intervention study,3 sodium fluoride
(75 mg daily) was no more effective than
placebo in retarding progression of spinal osteo-
porosis. Another study in 202 post-menopausal
women4 with vertebral fractures showed that
sodium fluoride 75 mg daily was not an ef-
fective treatment. Yet another intervention
study5 showed that fluoride (as sodium fluoride
50 mg daily or monofluorophosphate 200 mg
or 150 mg daily) was no more effective than
calcium and vitamin D in preventing new verte-
bral fractures in women with post-menopausal
osteoporosis. A trial comparing etidronate with
fluoride6 in the treatment of post-menopausal
osteoporosis showed that although fluoride was
more effective at increasing lumbar bone mass,
there were no differences in fracture incidence.

Precautions/contraindications

The British Association for Community Den-
tistry advises that fluoride is unnecessary for
infants under 6 months and that fluoride should
not be given in areas where the drinking water
contains fluoride levels that exceed 700 µg/L.

Adverse effects

Chalky white patches on the surface of the
teeth (may occur with recommended doses);
yellow-brown staining of teeth, stiffness and
aching of bones (with chronic excessive intake).
Symptoms of acute overdose include diarrhoea,
nausea, gastrointestinal cramp, bloody vomit,
black stools, drowsiness, weakness, faintness,
shallow breathing, tremors and increased
watering of mouth and eyes.

Interactions

None reported.

Dose

Systemic fluoride supplements should not be
prescribed without reference to the fluoride
content of the local water supply (information
available from the local Water Board). See
Table 1 for daily fluoride doses in infants and
children.
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Folic acid

Description

Folic acid is a water-soluble vitamin of the
vitamin B complex.

Nomenclature

Folic acid (pteroylglutamic acid) is the parent
compound for a large number of derivatives
collectively known as folates. Folate is the
generic term used to describe the compounds
that exhibit the biological activity of folic acid;
it is the preferred term for the vitamin present
in foods that represents a mixture of related
compounds (folates).

Human requirements

See Table 1 for Dietary Reference Values for
folic acid.

Dietary intake

In the UK, the average adult diet provides: for
men, 322 µg daily; for women, 224 µg daily.

Action

Folates are involved in a number of single
carbon transfer reactions, especially in the syn-
thesis of purines and pyrimidines (and hence
the synthesis of DNA), glycine and methionine.
They are also involved in some amino acid
conversions and the formation and utilisation
of formate. Deficiency leads to impaired cell
division (effects most noticeable in rapidly
regenerating tissues).

Dietary sources

See Table 2 for dietary sources of folic acid.

Metabolism

Absorption
Absorption of folate takes place mainly in the
jejunum.

Distribution
Folate is stored mainly in the liver. Entero-
hepatic recycling is important for maintaining
serum levels.

Elimination
Excretion of folate is largely renal, but folates
may also be eliminated in the faeces (mainly as a
result of folate synthesis by the gut microflora).
Folates are also found in breast milk.

Bioavailability

Folates leach into cooking water and are
destroyed by cooking or food processing at high
temperatures.

Deficiency

Folate deficiency results in reduction of DNA
synthesis and hence in reduction of cell division.
While DNA synthesis occurs in all dividing cells,
deficiency is most easily seen in tissues with
high rates of cell turnover such as erythrocytes
(red blood cells). The main clinical observation
associated with folate deficiency is, therefore,
megaloblastic anaemia.

The main causes of folate deficiency are as
follows:

� Decreased dietary intake. This occurs in
people eating inadequate diets, such as some
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Table 1 Dietary Reference Values for folic acid (µg/day)

EU RDA = 200 µg

Age UK USA
FAO/WHO

LRNI EAR RNI EVM RDA TUL RNI

0–3 months 30 40 50 65 – 80
4–6 months 30 40 50 65 – 80
7–12 months 30 40 50 80 – 80
1–3 years 35 50 70 150 300 150
4–6 years 50 75 100 – – 200
4–8 years – – – 200 400 –
7–10 years 75 110 150 – – 300a

9–13 years – – – 300 600 400
14–18 years – – – 400 800 400

Males
11–14 years 100 150 200 – – –
15–50+ years 100 150 200 1000 400 1000 400

Females
11–14 years 100 150 200 – – –
15–50+ years 100 150 200 1000 400 1000 400
Pregnancy +1001 600 10002 600
Lactation +60 500 10002 600

a 7–9 years.
1 The Department of Health recommends that all women who are pregnant or planning a pregnancy should take a folic acid supplement (see dose).
2 ≤ 18 years = 800 µg daily.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level (not determined for thiamine).

elderly people, those on low incomes, and
alcoholics who substitute alcoholic drinks for
good sources of nutrition.

� Decreased intestinal absorption. Patients
with disorders of malabsorption (e.g. coeliac
disease) may suffer folate deficiency.

� Increased requirements. Increased require-
ment for folate, and hence an increased risk
of deficiency, can occur in pregnancy, during
breast-feeding, in haemolytic anaemia and
leukaemia.

� Alcoholism. Chronic alcoholism is a common
cause of folate deficiency. This may occur as a
result of poor dietary intake, reduced absorp-
tion or increased excretion by the kidney. The
presence of alcoholic liver disease increases
the likelihood of folate deficiency.

� Drugs. Long-term use of certain drugs (e.g.
phenytoin, sulfasalazine) is associated with
folate deficiency.

Signs and symptoms include megaloblastic,
macrocytic anaemia, weakness, tiredness,
irritability, forgetfulness, dyspnoea, anorexia,
diarrhoea, weight loss, headache, syncope, pal-
pitations and glossitis. In babies and young
children, growth may be affected.

Possible uses

Pregnancy and pre-pregnancy
The risk of neural tube defects (NTDs) can be
reduced by increased folic acid intake during the
periconceptual period.1–5 These findings gave
rise to recommendations in several countries
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Table 2 Dietary sources of folic acid

Food portion Folate content
(µg)

Breakfast cereals
1 bowl All-Bran (45 g) 80
1 bowl Bran Flakes (45 g) 110
1 bowl Corn Flakes (30 g) 70
1 bowl muesli (95 g) 130
1 bowl Start (40 g) 140
Cereal products
Bread, brown, 2 slices 30

white, 2 slices 25
wholemeal 2 slices 30
fortified, 2 slices 70

1 chapati 10
Milk and dairy products
1/2 pint (280 ml) milk,

whole, semi-skimmed, or
skimmed

15

1/2 pint (280 ml) soya milk 50
1 pot yoghurt (150 g) 25
Cheese, average (50 g) 15

Camembert (50 g) 50
Meat
Liver, lambs, cooked (90 g) 220
Kidney, lambs, cooked

(75 g)
60

Vegetables
Broccoli, boiled (100 g) 65
Brussels sprouts, boiled (100 g) 110
Cabbage, boiled (100 g) 30
Cauliflower, boiled (100 g) 50
Kale, boiled (100 g) 90
Lettuce (30 g) 20
Peas, boiled (100 g) 50
Potatoes, boiled (150 g) 145
Spinach, boiled (100 g) 100
1 small can baked beans

(200 g)
45

Chickpeas, cooked (105 g) 110
Red kidney beans (105 g) 90
Fruit
1 orange 45
1 large glass orange juice 40
Half a grapefruit 20
Yeast
Brewer’s yeast (10 g) 400
Marmite, spread on 1 slice

bread
50

Excellent source (bold); good source (italics).

that women intending to become pregnant
should consume additional folic acid. The rea-
son for the beneficial effect of folic acid is un-
clear. Although it may be a result of deficiency,
a genetic defect in the methylene tetrahydro-
folate reductase (MTHFR) gene, estimated to
occur in about 5–15% of white populations,
appears to result in an increased requirement
for folates and an increased risk of recurrent
early pregnancy loss and NTDs.6,7 In addition,
elevated levels of plasma homocysteine have
been observed in mothers producing offspring
with NTDs,8 and the possibility that this factor
could have toxic effects on the foetus at the time
of neural tube closure is currently under further
investigation.

Whether folic acid taken throughout preg-
nancy has any benefit on birth outcome is
unclear. Re-analysis of data from a large ran-
domised trial, combined with trials from an
updated Cochrane review, found no associa-
tion between folic acid supplementation and
birth weight, placental weight or gestational
age. Folic acid at high dose (5 mg daily) was
associated with reduced risk of low birth weight
(pooled relative risk 0.73 (95% CI, 0.53 to
0.99). Overall there was no conclusive evidence
of benefit for folic acid supplementation in preg-
nant women given from time of booking
onwards.9

Results from some trials have suggested that
folic acid is associated with an increase in
twin pregnancies. A Hungarian study involving
38 151 women found that both pre- and post-
conceptual supplementation of a high dose
of folic acid and multivitamins are associated
with a slight increase in the incidence of
twin pregnancies.10 A British prospective cohort
study involving 602 women undergoing fertility
treatment found that the likelihood of a twin
birth after in vitro fertilisation rose with in-
creased concentrations of plasma folate and red-
cell folate. There was no association between
folate and vitamin B12 levels and the likelihood
of a successful pregnancy, but the MTHFR
genotype was associated with the women’s
potential to produce healthy embryos.11

Cardiovascular disease
Marginal folate status is also associated with
elevated plasma homocysteine levels, a known
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risk factor for CVD mortality.12–14 Mechanisms
by which plasma homocysteine may be associ-
ated with increased risk of CVD have not been
clearly established, but possibilities include:15

� oxidative damage to the vascular endothe-
lium;

� inhibition of endothelial anticoagulant fac-
tors, resulting in increased clot formation;

� increased platelet aggregation; and
� proliferation of smooth muscle cells, result-

ing in increased vulnerability of the arteries
to obstruction.

Homocysteine is derived from dietary methio-
nine, and it is removed by conversion to
cystathionine, cysteine and pyruvate, or by
remethylation to methionine. Rare inborn errors
of metabolism can cause severe elevations in
plasma homocysteine levels. One example is
homocystinuria, which occurs as a result of
a genetic defect in the enzyme, cystathione
beta-synthase. Genetic changes in the enzymes
involved in the remethylation pathway, includ-
ing MTHFR and methionine synthase, are also
associated with increase in plasma homo-
cysteine concentrations. All such cases are
associated with premature vascular disease,
thrombosis and early death.

However, such genetic disorders are rare and
cannot account for the raised homocysteine
levels observed in many patients with CVD.
However, attention is now being given to
the possibility that deficiency of the various
vitamins that act as cofactors for the enzymes
involved in homocysteine metabolism could
result in increased homocysteine concentra-
tions. In particular, folate is required for the nor-
mal function of MTHFR, vitamin B12 for me-
thionine synthase and vitamin B6 for cystathione
beta-synthase.

In theory, lack of any one of these three
vitamins could cause hyperhomocysteinaemia,
and could therefore increase the risk of CVD. In
the Framingham Heart Study,16 a cohort study
on vascular disease, it was shown that folic acid,
vitamin B6 and vitamin B12 are determinants
of plasma homocysteine levels, with folic acid
showing the strongest association.

The question of whether increased vitamin
intake can reduce cardiovascular risk was

examined in the Nurse’s Health Study,17 which
showed that those with the highest intake of fo-
late had a 31% lower incidence of heart disease
than those with the lowest intake. For vitamin
B6, those with the highest intake had a 33%
lower risk of heart disease, while in those with
the highest intake of both folate and vitamin B6,
the risk of heart disease was reduced by 45%.
The risk of heart disease was reduced by 24%
in those who regularly used multivitamins. In a
large Australian study involving 1419 men and
1531 women aged 20–90, the risk of fatal CVD
was not associated with serum folate and serum
B12 concentrations.18

Another question is whether homocysteine
levels can be lowered with folate and other
B vitamins. Folic acid (250 µg daily), in
addition to usual dietary intakes of folate,
significantly decreased plasma homocysteine
concentrations in healthy young women,19 and
breakfast cereal fortified with folic acid reduced
plasma homocysteine in men and women with
coronary artery disease.20 Another study has
demonstrated that the addition of vitamin B12
to folic acid supplements or enriched foods
(400 µg folic acid daily) maximises the reduc-
tion of homocysteine.21 Furthermore, two meta-
analyses22,23 suggest that administration of folic
acid reduces plasma homocysteine concentra-
tions and that vitamin B12 but not vitamin B6
may have an additional effect.23 Vitamin B6
alone also seems to be less effective than a
combination of folic acid and B12 in lowering
plasma homocysteine concentrations in patients
with coronary artery disease.24,25

A meta-analysis of 25 RCTs involving 2595
subjects found that the proportional reductions
in plasma homocysteine concentrations
produced by folic acid were greater at higher
homocysteine and lower folate pretreatment
concentrations. They were also greater in
women than men. Vitamin B12 produced
further reduction in homocysteine, but vitamin
B6 had no significant effect. The conclusion of
this meta-analysis was that daily doses ≥0.8 mg
folic acid are required to achieve maximal
reduction in homocysteine concentrations
produced by folic acid. Doses of 0.2 mg and
0.4 mg were associated with 60% and 90%
respectively, of this maximal effect.26 A more
recent RCT also found that the homocysteine
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lowering effect of B vitamins (folate, B6 and B12)
was maximal in those with high homocysteine
and low B12 levels.27

Although high homocysteine levels are asso-
ciated with CVD, the question as to whether
lowering homocysteine reduces cardiovascular
risk has not been clearly answered. A meta-
analysis in 2002 found strong evidence that the
association between homocysteine and CVD is
causal, and calculated that lowering homocys-
teine concentrations by 3 µmol/L (achievable by
increasing folic acid intake) would reduce the
risk of ischaemic heart disease by 16%, deep
vein thrombosis by 25% and stroke by 24%.28

However, a more recent meta-analysis
that investigated the association between the
MTHFR gene and CHD found no strong ev-
idence to support this association, concluding
that the possible benefit of folic acid in prevent-
ing CVD, through lowering homocysteine, is in
some doubt.29

In addition, a recent RCT in Singaporean
stroke patients found that the MTHFR gene
polymorphism (MTHFR C677T) did not sig-
nificantly influence the effect of vitamin therapy
on homocysteine levels. In this study, the mag-
nitude of the reduction in homocysteine levels at
12 months was similar, irrespective of MTHFR
genotype.30

In another trial, moderate reduction of total
homocysteine after non-disabling cerebral
infarction had no effect on vascular outcomes
during 2 years of follow-up.31 Further trials of
homocysteine lowering with folic acid either
alone or in combination with other B vitamins
have shown no significant effects on biomarkers
of inflammation, endothelial dysfunction and
hypercoagulablity,32–34 or inflammatory and
thrombogenic markers in smokers.35 One trial
found that folate (5 mg daily) and B12 (500 µg
daily) improved insulin resistance and endothe-
lial dysfunction in patients with metabolic
syndrome.36 Another study showed no improve-
ment in markers of endothelial dysfunction and
low-grade inflammation in patients with type
2 diabetes,37 while another found that short-
term folic acid supplementation (5 mg daily)
significantly enhances endothelial function in
type 2 diabetes.38

Two large RCTs (the Heart Outcomes Pre-
vention Evaluation39 and the NORVIT Trial40)

found that B12, folic acid and B6 in combination
reduced plasma homocysteine, but did not
reduce the risk of major cardiovascular events
in patients with CVD,39 and did not reduce the
risk of recurrent CVD after acute myocardial
infarction.40

Cancer
Marginal folate status also appears to be
associated with certain cancers,41 notably colon
cancer, although it is at present unclear as to
whether it is folate or some other nutritional
factors that could be involved. Data, including
those from two prospective studies42,43 and four
case-control studies,44–47 indicate that inade-
quate intake of folate may increase risk of colon
cancer. However, a recent prospective study has
indicated that low plasma folate concentrations
may protect against colorectal cancer. A bell-
shaped curve was observed between plasma
folate and colorectal cancer risk. The MTHFR
C677T polymorphism was associated with a
reduced risk of colorectal cancer that was
independent of folate status.48

There is some evidence – albeit limited –
that use of supplements containing folic acid
could reduce the risk of colon cancer.49,50 More
recent studies have also found a lower incidence
of colorectal adenomas in people with higher
intakes of and plasma concentrations of folate
and lower homocysteine.51

A meta-analysis of seven cohort and nine
case-control studies also added support for the
hypothesis that folate has a small protective
effect against colorectal cancer.52

There is also evidence that high folate intake
may have a particular effect in reducing colo-
rectal cancer risk in people with high alcohol
intake,53,54 or in smokers.55 In women with high
alcohol intake, there is also a strong inverse
relationship between dietary folate intake and
ovarian cancer risk.56 Higher folate intake
has also been shown to reduce breast cancer
risk in women with loss of oestrogen receptor
(ER) gene expression, but not in those with
oestrogen receptor (ER+) gene expression.57 A
study investigating the effect of folate taken in
pregnancy on breast cancer found that women
taking high doses of folate throughout preg-
nancy may be more likely to die of breast
cancer in later life than women taking no folate.
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The authors suggested that this could be a
chance finding, so further studies should be
conducted.58

Mental disorders
There is an apparent increase in mental dis-
orders associated with reduced folate status.59

Recent studies have found that Alzheimer’s
disease is associated with low blood levels of
folate and vitamin B12 and elevated homocys-
teine levels.60–68 However, a meta-analysis of
four randomised controlled intervention trials
provide no evidence that folic acid, with or
without vitamin B12, has a beneficial effect
on cognitive function or mood in cognitively
impaired older people.69

Evidence exists of a link between depression
and low folate levels and some RCTs have
found folate supplements helpful when added to
conventional antidepressants. A recent US study
amongst 110 patients with major depressive
disorder compared levels of folate, B12 and
homocysteine with the time taken to respond
to the antidepressant fluoxetine. The 15% of
patients who initially had low folate levels took
longer to onset of clinical improvement than
those with normal folate. Initial levels of B12 and
homocysteine had no relationship to response
onset.70

A systematic review of three RCTs of folate
supplementation suggests that folate may have
a potential role as a supplement to other treat-
ments for depression. Low folate patients given
extra folate had reduced Hamilton Depression
Rating Scale scores and increased odds of a 50%
score improvement compared to placebo. Folate
given to patients with initially normal folate had
no significant impact.71 Two other recent RCTs
in which average folate status was normal or
not measured also found no evidence that folate
supplements helped depression.72,73

A UK study has investigated a genetic factor
in the link between folate and depression.
A cross-sectional observational study of 3478
women (from a heart health study) compared
the presence of the MTHFR C677T genotype
with the presence of depressive symptoms.
Eight other similar studies were meta-analysed
together with the new results. Depression

was found to be associated with the C677T
genotype.74

In summary, it is clear that a proportion of
depressed patients have low folate status and
that this can be associated with a worse response
to antidepressants. Whether low folate is the
cause or effect of depression in these patients
is less clear. Evidence to date from RCTs of
folate supplementation in depression is minimal
but positive. Patients with depression should be
tested for red cell folate and supplemented when
folate is low, particularly if they are elderly or
have co-existing nutritional risk.

Hip fracture
Preliminary evidence from one RCT in 628
patients in Japan aged 65 or older with stroke
found that daily oral treatment with folic
acid 5 mg and mecobalamin 1500 µg reduced
plasma homocysteine and the risk of hip
fracture.75

Conclusion
There is good evidence that folic acid
reduces the risk of neural tube defects,
and supplementation is recommended pre-
conceptually and during the first 12 weeks of
pregnancy. There is increasing evidence that
folic acid reduces elevated plasma homocys-
teine levels, a risk factor for CVD. However,
it is still not clear whether folic acid, with or
without other B vitamins, reduces the risk of
CVD. This may be confused by the MTHFR
gene, defects in which may influence the
effect of folic acid. Epidemiological studies
have shown an inverse relationship between
serum folate levels and colon cancer. Poor
folate status has also been demonstrated in
some people with depression and a few
RCTs have found supplementation helpful
when added to conventional antidepres-
sants. Depressed patients should be tested
for folate and supplemented when folate is
low. However, controlled trials are required
to determine whether supplements reduce
the risk of cancer.
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Precautions/contraindications

In pernicious anaemia, folic acid will correct the
haematological abnormalities, but neuropathy
may be precipitated. Doses of folic acid
>400 µg daily are not recommended until
pernicious anaemia has been ruled out.

Pregnancy and breast-feeding

No problems have been reported. Supplements
are required during pregnancy and when plan-
ning a pregnancy (see Dose).

Adverse effects

Folic acid is generally considered to be safe even
in high doses, but it may lead to convulsions
in patients taking anticonvulsants and may
precipitate neuropathy in pernicious anaemia.
Some gastrointestinal disturbance and altered
sleep pattern has been reported at doses of
15 mg daily. Allergic reactions (shortness of
breath, wheezing, fever, erythema, skin rash,
itching) have been reported rarely.

Interactions

Drugs
Anticonvulsants: requirements for folic acid
may be increased, but concurrent use of folic
acid may antagonise the effects of anticonvul-
sants; an increase in anticonvulsant dose may be
necessary in patients who receive supplementary
folic acid (monitoring required).
Antibiotics: may interfere with the microbio-
logical assay for serum and erythrocyte folic
acid (falsely low results).
Colestyramine: may reduce the absorption of
folic acid; patients on prolonged colestyramine
therapy should take a folic acid supplement 1 h
before colestyramine administration.
Methotrexate: acts as a folic acid antagonist;
risk significant with high dose and/or prolonged
use.
Oestrogens (including oral contraceptives): may
reduce blood levels of folic acid.
Pyrimethamine: acts as a folic acid antagonist;
risk significant with high dose and/or prolonged

use; folic acid supplements should be given in
pregnancy.
Sulfasalazine: may reduce the absorption of
folic acid; requirements for folic acid may be
increased.
Trimethoprim: acts as a folic acid antagonist;
risk significant with high dose and/or prolonged
use.

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.
Zinc: folic acid may reduce the absorption of
zinc.

Dose

Folic acid is available in the form of tablets.
For prevention of first occurrence of NTDs

in women who are planning a pregnancy, oral,
400 µg daily before conception until 12th week
of pregnancy.

For prevention of recurrence of NTDs, oral,
5 mg daily before conception until 12th week of
pregnancy.

For prophylaxis during pregnancy (after 12th
week), oral, 200–500 µg daily. A Cochrane
review concluded that folate supplementation
in pregnancy appears to improve haemoglobin
status and folate status.76

In women with diabetes mellitus, oral, 5 mg
daily before conception until the 12th week.
This is because women with diabetes are at
significantly increased risk of having a baby with
NTDs. This dose has been recommended by
Diabetes UK (2005), the British Medical Asso-
ciation (2004) and the Society of Obstetricians
and Gynaecologists (2003).77

As a dietary supplement, oral, 100–500 µg
daily.

When co-prescribed with methotrexate, in
patients who suffer mucosal or gastrointestinal
side-effects with this drug, folic acid 5 mg each
week may help to reduce the frequency of such
side-effects. This dose has been recommended
by ATTRACT, the British National Formulary
and PRODIGY.78
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Upper safety levels

The UK Expert Group on Vitamins and
Minerals (EVM) has identified a likely safe total
intake of folic acid for adults from supplements
alone of 1000 µg daily.
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Gamma-oryzanol

Description

Gamma-oryzanol is one of several lipid frac-
tions obtained from rice bran oil.

Constituents

Gamma-oryzanol is a mixture of phytosterols
(plant sterols), including campesterol, cyclo-
artanol, cycloartenol, beta-sitosterol, stigmas-
terol, and also ferulic acid.

Action

Phytosterols appear to reduce lipid levels and
ferulic acid has antioxidant properties. Gamma-
oryzanol has also been suggested to have
anabolic properties, but evidence is conflicting.

Possible uses

Gamma-oryzanol has been investigated for a
role in lipid lowering and improving exercise
performance.

Lipid lowering
Several animal studies1–3 have shown a lipid-
lowering effect with gamma-oryzanol supple-
mentation, but one study did not.4

In two uncontrolled studies in humans with
hyperlipidaemia, gamma-oryzanol was shown
to reduce serum cholesterol levels. One study
involved 80 patients with hyperlipidaemia who
were given gamma-oryzanol for 6 months. In
those with type IIa and IIb hypercholesterol-
aemia, serum cholesterol fell by 12% and
13% respectively, but the reduction was signi-
ficant only after 3 months. Plasma triglyc-
erides reduced significantly after 3 months and

there was a non-significant increase in HDL
cholesterol.5

In the other study, 20 patients with chronic
schizophrenia with dyslipidaemia were given
300 mg gamma-oryzanol daily for 16 weeks.
Both total and LDL cholesterol fell significantly,
but there was no significant change in HDL
levels.6

Exercise
In a double-blind, placebo-controlled study, 22
weight-trained men were given 500 mg gamma-
oryzanol daily or placebo for 9 weeks. There
were no differences between the groups for
measures of circulating concentrations of testos-
terone, cortisol, oestradiol, growth hormone,
insulin or beta-endorphin, blood lipids, cal-
cium, magnesium and albumin. Resting cardio-
vascular variables decreased in both groups
and vertical jump power and one-repetition
maximum muscle strength (bench press and
squat) increased in both groups. The authors
concluded that gamma-oryzanol 500 mg for
9 weeks did not influence either performance or
physiological parameters in moderately weight-
trained men.7

Conclusion
Preliminary evidence from animal stud-
ies and uncontrolled studies indicates that
gamma-oryzanol may reduce serum choles-
terol levels. There is no good evidence that
it improves exercise performance. Further
research is required.

Precautions/contraindications

None have been reported.
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Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of gamma-oryzanol in pregnancy and
breast-feeding.

Adverse effects

There are no long-term studies assessing the
safety of gamma-oryzanol in humans. There is
some evidence from a Japanese study that doses
up to 600 mg daily cause dry mouth, somno-
lence, hot flushes, irritability and headaches.8

Interactions

None reported.

Dose

Gamma-oryzanol is available in the form of
tablets and capsules.

The dose is not established. Dietary supple-
ments provide 100–500 mg daily.
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Description

Garlic is the fresh bulb of Allium sativum, which
is related to the lily family (Liliaceae).

Constituents

The major constituents of garlic include alliin,
allicin, diallyl disulphide and ajoene, but these
compounds form only a small proportion of
the compounds that have been isolated from
crushed, cooked and dried garlic.

Alliin, present in fresh garlic, is converted
by the enzyme allinase into allicin when the
garlic bulb is crushed. Allicin can be converted
(by heat) into diallyldisulphide, which in turn
is converted into various sulphide-containing
substances that cause the typical smell of garlic.
Allicin and diallyldisulphide combine to form
ajoene.

Possible uses

Garlic has been cultivated for thousands of
years for medicinal purposes, such as bites,
tumours, wounds, headache, cancer and heart
disease, and but has also been used as a pungent
flavouring agent for cooking.

Evidence for the beneficial effects of garlic
is accumulating but is still incomplete. Inter-
pretation of trials is made difficult by the fact
that different forms of garlic are used and that
active ingredients may be lost in processing.1

The use of standardised dried garlic prepara-
tions or fresh garlic appears to provide the
most beneficial effects. Extracts or oils prepared
by steam distillation or organic solvents, or
‘odourless’ garlic preparations, may have little
activity.2 Any preparation that produces no

odour whatsoever may be clinically ineffective,
because release of the biologically active allicin
has not occurred. However, allicin is rapidly
destroyed even by crushing the fresh bulb,
and some suggest that although allicin may be
important for cholesterol lowering, it may not
be important for protecting against cancer.

Cardiovascular disease

Hyperlipidaemia
Many studies have looked at the potential ef-
fects of garlic on serum lipid levels. In a placebo-
controlled, double-blind study of 40 patients
with hypercholesterolaemia,3 total cholesterol,
triglycerides and blood pressure decreased sig-
nificantly in the group receiving garlic. Daily
doses of 900 mg of a garlic powder preparation
(equivalent to 2700 mg fresh garlic) were ad-
ministered over 16 weeks, and differences were
significant after 4 weeks of treatment.

In a randomised, double-blind, placebo-
controlled study of 42 healthy adults, 300 mg
of a standardised garlic preparation three times
daily showed a significantly greater reduction
in total and LDL cholesterol than placebo.4 In a
study of eight healthy males, ingestion of a garlic
clove (approximately 3 g a day for 16 weeks)
resulted in an approximately 20% reduction in
serum cholesterol.5

In another study, serum levels of total choles-
terol, LDL and triglycerides decreased signif-
icantly after administration of 400 mg garlic
three times a day for a month.5 In a study
involving 56 men, administration of an aged
garlic extract (7.2 g daily) resulted in a 7%
reduction in total cholesterol compared with
baseline and a 6% reduction compared with
placebo.6 In a multicentre, placebo-controlled,
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double-blind study carried out in Germany7

using standardised dried garlic tablets, total
cholesterol fell by 11%.

In 35 renal transplant patients, garlic 680 mg
twice daily (equivalent to 4080 µg allicin) or
placebo was administered over 12 weeks.8 After
6 weeks, total and LDL cholesterol had fallen,
changes that were maintained at 12 weeks.
Garlic had no effect on triglyceride or HDL
levels. Yet other studies using garlic 700 mg
daily for 8 weeks,9 200 mg three times a day for
12 weeks,10 or 1000 mg a day for 24 weeks11

have resulted in 12–14% reductions in serum
cholesterol. Other studies12–15 demonstrated no
effect of garlic on hyperlipidaemia, however.

A meta-analysis of studies16 evaluating the
effect of garlic on serum cholesterol included
five of the above studies.3,7,9–11 The garlic
dose was 600–1000 mg daily for 8–24 weeks.
The pooled results of the meta-analysis indi-
cated that patients treated with garlic achieved
mean total serum cholesterol concentrations of
230–290 mg/L lower than patients in placebo
groups. Since the investigators used a range
of dose regimens, the optimum dose for garlic
could not be identified.

More recently another meta-analysis,17

which included 13 trials, found that garlic
reduced total cholesterol level from baseline
significantly more than placebo. The weighted
mean difference was 0.41 mmol/L (157 mg/L).
However, when the trials with the highest scores
for methodological quality were analysed alone,
the differences in cholesterol levels between
garlic and placebo were non-significant. The
authors concluded that garlic is superior to
placebo in reducing cholesterol levels, but the
robustness of the data is questionable and
any effect likely to be small. The use of
garlic for hypercholesterolaemia was therefore
debatable.

Garlic has been evaluated for an effect
in various psychopathological parameters in
patients with hypercholesterolaemia. In a
16-week prospective, double-blind, placebo-
controlled trial, 33 patients with hypercholes-
terolaemia and no evidence of CVD were
randomly assigned to receive garlic or placebo.
Garlic in the form of alliin 22.4 mg daily was
given to 13 patients and placebo to 20. Both

groups received dietary counselling. No signif-
icant changes were observed in levels of total
cholesterol, LDL, HDL and triglycerides, or in
the psychopathologic parameters evaluated.18

An RCT in 15 men with angiographically
proven coronary artery disease (CAD)
investigated the role of aged garlic in endothelial
function. Aged garlic was used because it
contains antioxidant compounds that increase
nitric oxide production and decrease the output
of inflammatory cytokines from cultured cells.
Oxidative stress and increased systemic inflam-
mation may contribute to endothelial dysfunc-
tion. During supplementation, flow-mediated
endothelium-dependent dilatation (FMD)
increased significantly from the baseline and
mainly in those men with lower baseline FMD.
Markers of oxidant stress (plasma-oxidised
LDL and peroxides), systemic inflammation
(plasma C-reactive protein and interleukin-6)
and endothelial activation did not change
significantly during the study. The authors
concluded that short-term treatment with aged
garlic extract may improve endothelial function
in men with CAD treated with aspirin and a
statin.19

A systematic review of garlic’s effects on
cardiovascular risk concluded that there are
insufficient data to draw conclusions regard-
ing garlic’s effects on clinical cardiovascular
outcomes such as claudication and myocardial
infarction. Garlic preparations may have a small
positive short-term effect on lipids. Whether
effects are sustainable beyond 3 months is
unclear.20

Hypertension
Several studies have evaluated the efficacy
of garlic in hypertension. In a multicentre,
randomised, placebo-controlled, double-blind
study of 47 patients with mild hypertension,
garlic powder tablets, 200 mg three times a day
for 12 weeks, produced significant reductions
in blood pressure as well as total cholesterol
and triglycerides.10 In an acute pilot study of
nine patients with severe hypertension, single
doses of 2400 mg of a garlic powder preparation
(standardised to release 0.6% allicin) produced
a significant reduction in diastolic blood pres-
sure 5–14 h after administration.21



Garlic 143

A meta-analysis of studies22 evaluated the
efficacy of garlic on blood pressure. Only
prospective, randomised studies with two or
more treatment group comparisons and a
duration of at least 4 weeks were included, and
eight studies met the defined criteria. Six of the
studies were placebo-controlled, one compared
garlic with a diuretic and reserpine, and another
compared garlic with bezafibrate. All but one of
the studies were supposedly double-blind, but
with the odour of garlic being difficult to mask,
it is not clear whether the studies really were
blinded. All eight studies used the same dried
garlic powder in doses of 600–900 mg daily
(equivalent to 1.8–2.7 g of fresh garlic daily)
for 1–12 months. The pooled mean reduction
in systolic blood pressure was 7.7 mmHg and
the pooled mean diastolic pressure 5.0 mmHg
more with garlic. However, there have not been
enough trials with different garlic doses for the
optimum dose to be defined.

In a systematic review,20 consistent reduc-
tions in blood pressure with garlic were not
found and no effects on glucose or insulin
sensitivity were found.

Peripheral artery disease
A Cochrane review assessed the effects of garlic
for the treatment of peripheral arterial occlusive
disease. One eligible trial (small, of short dura-
tion) found no statistically significant effect of
garlic on walking distance.23

Cancer
Preliminary data from in vitro animal and
epidemiological studies suggest that garlic may
have a protective effect in cancer development
and progression. Results of epidemiological
case-control studies in China24 and Italy25

suggest that garlic may reduce the risk of
gastric cancer. Epidemiological studies cannot
by themselves establish causal relationships and
prospective data on this possible effect of garlic
on cancer risk are required.

Garlic consumption has been associated
with a reduced risk of colon cancer in some
studies,26,27 but not others.28 However, in
another study, garlic consumption was not
associated with reduced risk of stomach

cancer,29 breast cancer30 or prostate cancer.31

A meta-analysis of the relation between cooked
garlic, raw garlic or both raw and cooked garlic
on the risk of colorectal and stomach cancers
showed that garlic may be associated with a
protective effect against both types of cancer.32

A systematic review20 found that garlic
supplementation for less than 3–5 years was
not associated with decreased risk of breast,
lung, gastric, colon or rectal cancer. Some
case-control studies suggest that high dietary
garlic consumption may be associated with
decreased risks of laryngeal, gastric, colorectal
and endometrial cancers and adenomatous
colorectal polyps.

Antimicrobial activity
Garlic is being investigated for antibacterial,
antifungal and antiviral activity, but current
evidence is too limited to recommend garlic for
the prevention of infections.

Conclusion
There is evidence from meta-analyses that
garlic supplements reduce blood choles-
terol and blood pressure. However, authors
of meta-analyses have criticised studies for
poor methodology, small numbers of sub-
jects and short duration. There is preliminary
evidence that garlic reduces platelet aggre-
gation and may reduce the risk of cancer,
but controlled clinical trials are needed to
confirm this. Garlic has been used for cen-
turies for antibacterial and antiviral effects.
Although such effects have been demon-
strated in vitro, controlled clinical studies are
needed to confirm these findings.

Precautions/contraindications

Hypersensitivity to garlic.

Pregnancy and breast-feeding

No problems have been reported. However,
there have not been sufficient studies to guaran-
tee the safety of garlic supplements in pregnancy
and breast-feeding.
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Adverse effects

Unpleasant breath odour; indigestion; hypersen-
sitivity reactions including contact dermatitis
and asthma have been reported occasionally.
A spinal haematoma (isolated report) has been
attributed to the antiplatelet effects of garlic.

Interactions

None reported. Theoretically, garlic could
increase bleeding with anticoagulants, aspirin
and antiplatelet drugs.

Dose

Garlic supplements are available in the form of
tablets and capsules.

The dose is not established, but 400–1000 mg
(equivalent to 2–5 g fresh garlic or one to two
cloves) daily of a standardised garlic product
has been used in several studies. Dietary supple-
ments provide 400–1000 mg dried garlic daily.
Standardised products may be standardised for
allicin potential. However, allicin is now known
not to be the only improtant active ingredient in
garlic. One clove of fresh garlic is equivalent to
4000 µg allicin potential.
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Ginkgo biloba

Description

Ginkgo biloba is an extract from the dried
leaves of Ginkgo biloba (maidenhair tree). In
Germany, it is one of the most frequently
prescribed supplements for cognitive disorders.

Constituents

The leaf contains amino acids, flavonoids and
terpenoids (including bilobalide and ginkgolides
A, B, C, J and M).

Action

The pharmacological properties of ginkgo
biloba have been reviewed.1,2 Ginkgo biloba
extract has the following properties. It:

� antagonises platelet activating factor (PAF),
reducing platelet aggregation and decreasing
the production of oxygen free radicals;3,4

� increases blood flow, produces arterial
vasodilatation and reduces blood viscosity;5

� has free radical scavenging properties;6,7 and
� may influence neurotransmitter metabolism.8

These effects are probably due to stimulation
of prostaglandin biosynthesis or by direct
vasoregulatory effects on catecholamines.6,9

In addition, ginkgo biloba acts as an
antioxidant.10

Possible uses

Ginkgo biloba has been studied for the treat-
ment of cerebrovascular disease and peripheral
vascular insufficiency.

Memory and cognitive function
The main interest in ginkgo has focused on its
use in patients with poor memory and poor
cognitive function due to cerebral insufficiency,
and it is licensed for this indication in Germany.
A review of over 40 European clinical trials
evaluated ginkgo’s efficacy in the treatment
of cerebral and peripheral insufficiency.2,11

All 40 trials showed positive effects, and the
authors concluded that there may have been
publication bias. Of the 40 trials, eight were
judged to be of good quality. The majority
of studies evaluated 12 symptoms: difficulty
in concentration; difficulty in memory; absent-
mindedness; confusion; lack of energy; tired-
ness; decreased physical performance; depres-
sion; anxiety; dizziness; tinnitus and headaches.
Seven of the eight trials showed statistically and
clinically significant positive effects of ginkgo
compared with placebo. No serious adverse
effects were reported.

A meta-analysis of 11 placebo-controlled,
randomised, double-blind studies (which
included six of the studies) showed that ginkgo
was significantly better than placebo for all
symptoms associated with cerebrovascular
insufficiency of old age. Of the 11 studies, one
study was inconclusive, but all the rest showed
positive effects.12

In a double-blind, placebo-controlled study,
31 patients over the age of 50 years were
randomised to receive gingko biloba 40 mg or
placebo three times a day. Using a range of psy-
chometric tests, ginkgo was shown to produce
a significant improvement in cognitive function
at both 12 and 24 weeks.13 More recent double-
blind, placebo-controlled trials have confirmed
the benefits of ginkgo on memory14 and cogni-
tive function.15
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However, in a 6-week RCT, involving 98
men and 112 women over the age of 60 with
no cognitive impairment, gingko biloba 40 mg
three times a day did not facilitate performance
on standard neuropsychological tests of learn-
ing, memory, attention and concentration, or
naming and verbal fluency. The ginkgo group
also did not differ from the control group
in terms of self-reported memory function or
global rating by spouses, friends and relatives.
The authors concluded that ginkgo provides no
measurable benefit in memory or related cog-
nitive function to adults with healthy cognitive
function.16

Effects of gingko biloba in young adults
have been less well characterised. A double-
blind, placebo-controlled trial in 19 men and
23 women (mean age 23.6 years) investigated
the effect of ginkgo biloba (mean dose 184.5 mg
daily) on various alertness, performance, affec-
tive state and chemosensory tests after meals
over a 13-week period. Ginkgo biloba was
found to be ineffective at alleviating the symp-
toms of post-lunch dip or at enhancing smell
and taste function.17

A double-blind RCT in 52 students found
that an acute dose of ginkgo significantly
improved performance in tests of attention and
memory. However, there were no effects on
working memory, planning, mental flexibility
or mood. Moreover, after 6 weeks of treatment,
there were no significant effects of ginkgo on
mood or any of the cognitive tests, suggesting
that tolerance developed to the effects, at least
in this young healthy population.18

Ginkgo biloba has also been investigated
for effects on cognition and mood in post-
menopausal women. In one small controlled
trial, ginkgo 120 mg daily for 7 days was associ-
ated with significantly better non-verbal mem-
ory, sustained attention and frontal lobe func-
tion than placebo. However, the two groups
did not differ in tests of planning, immediate or
delayed paragraph recall, delayed recall of pic-
tures,menopausalsymptoms,sleepiness,physio-
logical symptoms or aggressive behaviour.19 In
a further trial, post-menopausal women (aged
51–67 years) were randomly allocated to receive
ginkgo 120 mg daily for 6 weeks. The only
significant effects of ginkgo were limited to the

test of mental flexibility, and also to those with
poorer performance, who were mainly in the
late stages of menopause (mean age 61 years).20

Peripheral vascular disease
In the review of 40 trials mentioned above,11

15 controlled trials evaluated the role of ginkgo
in intermittent claudication, and of these, two
were judged to be of reasonable quality. One
showed significant increase in walking distance
tolerated before pain with ginkgo,21 and the
other showed a greater reduction in pain at
rest.22

In a multicentre, randomised, double-blind,
placebo-controlled study involving 74 patients
with peripheral arterial occlusive disease, pain-
free walking distance improved in patients given
either 120 or 240 mg ginkgo biloba daily, with
a greater improvement in the group given the
higher dose.23

In another multicentre, double-blind,
placebo-controlled trial, 111 patients with
peripheral occlusive arterial disease were
randomised to receive 120 mg ginkgo biloba
extract or placebo for 24 weeks. Pain-free
walking and maximum walking distance were
significantly greater in the ginkgo group and
subjective assessment by the patients showed an
amelioration of complaints in both groups.24

A meta-analysis of eight RCTs with 415 par-
ticipants concluded that ginkgo biloba extract
is superior to placebo in the symptomatic treat-
ment of intermittent claudication. However, the
size of the overall treatment effect is modest and
of uncertain clinical relevance.25 A more recent
double-blind trial in patients with Reynaud’s
disease found that ginkgo biloba reduced the
number of attacks of digital ischaemia by
56% whereas placebo reduced the number by
27%.26

Dementia
In a double-blind, placebo-controlled trial, 216
patients with Alzheimer’s disease were ran-
domised to receive either 240 mg ginkgo biloba
EGb 761 extract or placebo for 24 weeks. In the
156 patients who completed the study, the fre-
quency of responders in the two groups differed
significantly in favour of EGb 761. Analysis of
the results on an intention-to-treat basis showed
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similar results and the authors concluded that
EGb 761 was beneficial in dementia of the
Alzheimer type and in multi-infarct dementia.27

A 52-week, randomised, double-blind,
placebo-controlled, parallel-design, multicentre
study in 309 patients found that EGb 761
120 mg daily improved measures of cognitive
function, daily living, and social performance
and psychopathology. The authors concluded
that ginkgo was safe and capable of maintain-
ing, or in some cases improving, cognitive and
social function in patients with dementia.28 Of
the 309 patients, 244 completed the study up
to 26 weeks, but analysis on an intention-to-
treat basis still showed significant benefits with
ginkgo biloba.29

A review of 50 articles, of which four
randomised, placebo-controlled, double-blind
trials met the inclusion criteria, concluded that
there is a small but significant effect of 3–
6 months of treatment with 120–240 mg of
ginkgo biloba extract on objective measures of
cognitive function in Alzheimer’s disease.30

However, in another study of 214 elderly
patients with dementia or memory impairment,
who were split into three groups and given one
of two different doses of ginkgo biloba extract
EGb 761 or a placebo, no differences were
detected in memory function after 24 weeks.31

The authors suggested that these results came
about because of the effort made to find a
good placebo (ginkgo has a pronounced taste
and smell). However, others have questioned
the validity of the study, suggesting that a
positive effect would have been unlikely in such
a heterogeneous population where all types of
memory loss were included.32

Ginkgo biloba has not been directly com-
pared to conventional medicines for demen-
tia, but improvement seems to be similar
to that found with prescription drugs
(e.g. donepezil, tacrine and possibly other
cholinesterase inhibitors).33,34

More recent trials have shown inconsistent
results. A 24-week RCT in 214 patients with
dementia or age-associated memory impairment
did not find a significant effect of ginkgo (special
extract EGb 761) treatment. There was no
dose–effect relationship and no effect of pro-
longed ginkgo treatment.35 However, intention-

to-treat analysis of another study concluded
that ginkgo (EGb 761) improves cognitive
function in a clinically relevant manner in
patients suffering from dementia.36 A review
comparing different doses of ginkgo biloba with
cholinesterase inhibitors in the treatment of
dementia found significant benefits on cognition
with cholinesterase inhibitors, but only with
ginkgo when all doses were pooled.37 An RCT
in 513 patients with dementia of the Alzheimer’s
type did not show efficacy of ginkgo. However,
there was little cognitive and functional decline
in the placebo-treated patients, which may have
compromised the sensitivity of the trial to detect
a treatment effect. This study was therefore
inconclusive with respect to the efficacy of
ginkgo biloba.38 A Cochrane review concluded
that overall there is promising evidence of
improvement in cognition and function associ-
ated with ginkgo. However early trials, which
showed beneficial results, used unsatisfactory
methodology and more modern trials, with
better methodology, show inconsistent results.
There is need for a large trial using modern
methodology with intention-to-treat analysis
to provide robust estimates of the size and
mechanism of any treatment effects.39

Tinnitus
There are many reports in the literature that
ginkgo biloba may be effective in tinnitus.
However, recent trials suggest there is little evi-
dence of benefit. An RCT in 66 adults together
with six further RCTs were meta-analysed,
and ginkgo was found not to benefit patients
with tinnitus.40 A Cochrane review of 12 trials
excluded 10 trials on methodological grounds.
No trials of tinnitus in cerebral insufficiency
reached a satisfactory standard for inclusion
in the review and there was no evidence that
ginkgo was effective for the primary complaint
of tinnitus.41

Miscellaneous
Ginkgo biloba has been claimed to be of value
in a number of other conditions, including
asthma, sexual dysfunction, PMS and mountain
sickness. However, there is only very limited
evidence that ginkgo biloba has any benefit in
these conditions. A review (which included one
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study) of the role of ginkgo in ARMD concluded
that, although a beneficial effect was observed,
only 20 people were enrolled in the trial and
assessment was not masked, thus making the
results equivocal.42 A Cochrane review of
ginkgo biloba for acute ischaemic stroke
concluded that the methodological quality of
the trials to date had been too poor to support
the routine use of ginkgo biloba to promote
recovery after stroke.43 Further research is
needed in all these areas.

Conclusion
Several studies have shown that gingko
biloba may slow the progression of de-
mentia, particularly in Alzheimer’s disease.
There is also some evidence that gingko
improves memory and concentration in the
elderly and increases pain-free walking
and maximum walking distance in those
with peripheral vascular disease. However,
ginkgo should not be taken in any of these
conditions without medical advice. There is
no sound evidence that ginkgo is effective
in other conditions.

Precautions/contraindications

Ginkgo biloba should not be used for the treat-
ment of disease without medical supervision.
It is contraindicated in hypertension. Ginkgo
has been associated with increased bleeding
tendency. However, a recent trial showed no
evidence that EGb 761 inhibits blood coagu-
lation, platelet aggregation and haemorrhagic
complications.44 There is anecdotal evidence
that ginkgo might be associated with seizure, so
until more is known, ginkgo should be avoided
in epilepsy or in patients at risk of seizure.
There is also preliminary evidence that ginkgo
increases insulin clearance,45 and this should be
borne in mind in monitoring blood glucose in
diabetes.

Pregnancy and breast-feeding

Contraindicated in pregnancy, breast-feeding
and in children.

Adverse effects

There are few reports of serious toxicity.
Headache, nausea, vomiting, heartburn and
diarrhoea have been reported occasionally.
There have been rare reports of severe allergic
reactions, including skin reactions (e.g. itching,
erythema and blisters) and convulsions.

Interactions

Drugs
Anticoagulants, aspirin, anti-platelet drugs:
use ginkgo biloba with caution. However, a
recent study showed no effect of ginkgo on
the pharmacodynamics and pharmacokinetics
of warfarin in healthy patients.46

There is preliminary evidence that ginkgo
can influence cytochrome P450 and other drug-
metabolising enzymes.47 There are no reports
of interactions, but ginkgo should be used
with caution in any patients taking other
medication.

Dose

Ginkgo biloba is available in the form of
tablets, capsules and tincture. A review of 30
US ginkgo biloba products found that nearly
one-quarter did have the expected chemical
marker compounds for ginkgo biloba extract
(e.g. flavone glycosides, terpene lactones).48

Most clinical trials have used a 50:1 con-
centrated leaf extract (EGb 761) standardised
to 24% flavone glycosides and 6% terpene
glycones. (A standardised 40 mg tablet should
therefore contain 9.6 mg flavone glycosides and
2.4 mg terpene glycones.) Studies have used
120–240 mg daily. Dietary supplements provide
40–80 mg in a dose.
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Ginseng

Description

Ginseng is the collective term used to describe
several species of plants belonging to the genus
Panax. These include the Asian ginsengs (Panax
ginseng and Panax japonicus), which have been
used medicinally for more than 2000 years
in China, Japan and Korea. American gin-
seng (Panax quinquefolius L) grows in North
America and much of it is exported to the Far
East. Siberian/Russian ginseng (Eleuthrococcus
senticosus) is not considered to be true ginseng
because it is not a species of the genus Panax.
However, as a supplement, it is often pro-
moted alongside Asian and American ginseng
products.

Constituents

Panax ginseng contains complex mixtures of
saponins known as ginsenosides, which are
found in the roots. At least 20 saponins have
been isolated from ginseng roots. However,
species vary in composition and concentra-
tion, and varying concentrations of different
saponins appear to exert opposite pharmacolog-
ical effects.1,2 This may explain the conflicting
results reported in clinical studies, although
issues such as type of ginseng, time of harvest,
storage and lack of standardisation of active
ingredients may also be important. Eleuthero-
sides are believed to be the active ingredients
in Siberian ginseng, but these have different
chemical structures than the ginsenosides.

Action

Ginseng has a wide range of pharmacological
effects, but its clinical significance in humans

has not been fully investigated. Differences in
composition of the different species lead to
differences in activity.

Analgesic activity, anti-pyretic activity, anti-
inflammatory activity, CNS-stimulating and
CNS-depressant activity, hypotensive and
hypertensive activity, histamine-like activity
and antihistamine activity, hypoglycaemic
activity and erythropoietic activity have all been
reported.2 Opposing activities such as hyperten-
sion and hypotension are thought to be a result
of different ginsenosides in one preparation.

The most consistent biochemical explanation
for the effects of the ginsenosides is a facilitating
influence on the hypothalamic-pituitary-adrenal
axis.3,4 Interactions with central cholinergic5

and dopaminergic mechanisms6 have also been
demonstrated.

Possible uses

Ginseng is an ancient remedy that has been
used for thousands of years in the East. A
number of extravagant claims have been made
for it, including aphrodisiac and anti-ageing
properties. It is not claimed to cure any specific
disease, but to restore general vitality. Ginseng
is claimed to be useful for:

� improving stamina;
� alleviating symptoms of tiredness and

exhaustion;
� headaches;
� amnesia and mental function;
� improving libido and sexual vigour and

preventing impotence;
� regulating blood pressure;
� preventing diabetes mellitus;
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� preventing signs of old age and extending
youth;

� improving immunity; and
� reducing the risk of cancer.

Available evidence for some of these claims
has come mainly from animal studies,
including: increased adaptability to stress;7

increasing stamina;8 decreasing learning time;9

reduction in blood pressure;10 anti-
inflammatory activity;11 and improved sleep.12

Cardiovascular function
Ginseng has been suggested to influence
cardiovascular function. One double-blind RCT
in healthy adults investigated the potential
influence of Panax ginseng on electrocardio-
graphic parameters: PR, QRS, QT, QTc and
RR intervals, and QT and QTc interval dis-
persion. Effects on blood pressure and heart
rate were also evaluated. Thirty subjects were
randomly allocated to receive 28 days of therapy
with Panax ginseng 200 mg or placebo. Panax
ginseng was found to significantly increase
the QTc interval and decrease diastolic blood
pressure 2 h after ingestion on the first day of
therapy.13

North American ginseng has been evaluated
for its effect on blood pressure. Sixteen
individuals with hypertension were randomised
to receive placebo treatment on two morn-
ings or powdered North American ginseng on
six mornings. After treatment, blood pressure
was measured every 10 min for 160 min, and
the mean obtained for the overall 160-min
period. None of the North American gin-
sengs or their means differed from placebo in
their overall effect on mean blood pressure
change. None affected blood pressure versus
placebo at 10-min intervals, but their mean
versus placebo increased systolic and diastolic
blood pressure at 100 min. The authors con-
cluded that these findings together suggested
that North American ginseng exerts a neutral
acute effect on blood pressure in hypertensive
individuals.14

A further study in 24 children undergoing
heart surgery found that a ginsenosides com-
pound injected intravenously may attenuate
gastrointestinal mucosal injury and inhibit the

systemic inflammatory response that occurs
after cardiopulmonary bypass in patients with
congenital heart disease.15

A systematic review of 34 studies investi-
gating the influence of ginseng on blood
pressure, lipids and/or blood glucose found
mixed results, with current evidence not sup-
porting the use of ginseng to treat cardio-
vascular risk factors. Some studies suggest a
small reduction in blood pressure and some
that ginseng improves blood lipid profiles and
lowers blood glucose. However, the authors
concluded that the overall picture is inconsistent
and well-designed RCTs are lacking.16 A recent
12-week RCT found that American ginseng had
no effect on 24-h blood pressure.17

Cognitive function
In an uncontrolled study in humans, ginseng has
been shown to increase stamina in athletes and
concentration in radio operators.18 In a double-
blind, placebo-controlled trial, 60 elderly
patients received a supplement containing
Panax ginseng and vitamins and minerals or
placebo daily for 8 weeks. There was no dif-
ference in the ability of the supplement or
placebo to influence the rehabilitation of these
patients, and the effects of the ginseng could not
be separated from the other ingredients in the
product.19

A more recent trial, in 30 healthy young
adults given ginseng G115 200 mg, ginseng
G115 400 mg or placebo, found notable
behavioural effects during sustained mental
activity, particularly with 200 mg ginseng.
These included significantly improved subtrac-
tion task performance and significantly reduced
mental fatigue. Both the ginseng treatments led
to significant reductions in blood glucose levels
and the authors suggested that the effects on
mental performance may be related to the acute
gluco-regulatory properties of the extract.20

Studies have also investigated the cognitive
effects of Panax ginseng and ginkgo biloba in
combination. In a trial involving 20 healthy
young adults, receiving 320, 640 and 960 mg
of the combination, the most striking result
was a dose-dependent improvement in perfor-
mance on the ‘quality of memory’ factor at
the highest dose of the combination (960 mg).
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Further analysis revealed that this effect was
differentially targeted at the secondary memory
rather than the working memory component.
There was also a dose-dependent decrement in
performance of the ‘speed of attention’ factor
for both the 320 and 640 mg doses.21

A further trial by this same group investigated
the influence of ginkgo 360 mg, ginseng 400 mg,
960 mg of a ginseng/ginkgo combination and
a matching placebo on both mood and cog-
nition. All three treatments were associated
with improved secondary memory performance,
with the ginseng treatment showing some
improvement in the speed of performing
memory tasks and in the accuracy of attentional
tasks. Following the combination, there was
improvement in some mental arithmetic tasks.
No modulation of the speed of performing
attention tasks was evident. Improvements in
self-rated mood were also found following
ginkgo and to a lesser extent the combination
product.22

Diabetes
A small preliminary study23 showed that Amer-
ican ginseng reduced blood sugar levels both in
people who had diabetes mellitus and in healthy
subjects. However, because the study looked
only at a single time point, it is unclear what the
results mean for real meals or prevention and
treatment of diabetes. But the research suggests
that ginseng may be useful in preventing sharp
increases in blood sugar. A further study in 10
patients with type 2 diabetes showed that Amer-
ican ginseng reduced post-prandial glycaemia,
and that no more than 3 g was required to
achieve reductions.24

A double-blind, placebo-controlled study in
36 patients with type 2 diabetes showed that
ginseng therapy (100 and 200 mg) significantly
reduced fasting blood glucose and elevated
mood, and the 200-mg dose resulted in a
statistically significant improvement in glycated
haemoglobin.25

Further trials have shown variable effects on
blood glucose, possibly because of the variety
and concentration of ginsenosides in the prepa-
rations tested. One trial showed that Amer-
ican ginseng reduced post-prandial glycaemia
in subjects without diabetes. This reduction

was time-dependent, but not dose-dependent.
An effect was seen only when the ginseng was
administered 40 min before the challenge. Doses
within the range 1–3 g were equally effective.26

Another trial found that American ginseng 6 g
daily did not reduce post-prandial glycaemia.
The authors suggested that a possible explana-
tion for this was the reduced total ginsenosides
in the product, indicating that the ginsenoside
profile of American ginseng might play a role in
its hypoglycaemic effects.27

A further study with Asian ginseng found
both null and opposing effects on indices of
acute post-prandial plasma glucose and insulin,
with the authors concluding that this could be
explained by the marked ginsenoside differences
in the product.28 The same research group went
on to look at the effects of eight popular types
of ginseng on acute post-prandial glycaemic
indices in healthy humans to find again that
there was some variability. They concluded
that the ginsenoside content might be involved
but that other components might also have an
effect.29

Cancer
Case-control30 and cohort31 studies in Korean
subjects have shown that incidence of cancer is
lower in those who consume ginseng than in
those who do not.

Sexual function
A placebo-controlled (not blinded study)
included 90 patients with erectile dysfunction.32

They were randomly assigned to receive Panax
ginseng (300 mg daily), trazodone or placebo.
Patient satisfaction, libido and penile rigidity
and girth were greater in the ginseng group than
in the other two groups, but changes in the
frequency of intercourse, premature ejaculation
and morning erections were not found in any
group. None of the treatments resulted in
complete remission of erectile dysfunction.

Korean ginseng has been investigated for
a role in erectile dysfunction. A total of 45
patients with diagnosed erectile dysfunction
were enrolled in a double-blind, placebo-
controlled, crossover study in which the effects
of Korean red ginseng (900 mg three times
a day) were compared with placebo. Mean
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International Index of Erectile Function scores
and scores on penetration and maintenance
were significantly higher in patients treated with
Korean red ginseng. Penile tip rigidity also
showed significant improvement for ginseng
versus placebo. The authors concluded that
Korean red ginseng can be an effective alter-
native for treating male erectile dysfunction.33

Exercise performance
Several human studies have shown an ergogenic
effect in exercise, but a review concluded that
such trials have been poorly controlled and
not blinded, and that there is no compelling
evidence that ginseng improves exercise per-
formance in humans.34 Double-blind, placebo-
controlled trials do not support an ergogenic
effect of ginseng on exercise performance,35–38

or on the response of anabolic hormones
(growth hormone, testosterone, cortisol,
insulin-like growth factor 1) following
resistance status.39

A double-blind RCT in 38 active healthy
adults investigated the effect of 400 mg daily
of G115 (equivalent to 2 g of Panax ginseng)
on secretory IgA, performance and recovery
after interval exercise. There was no significant
change in secretory IgA (an indicator of mucosal
immunity). Supplementation with ginseng failed
to improve physical performance and heart
rate recovery of individuals undergoing repeated
bouts of exhausting exercise.40

A trial with Panax notoginseng found that
a dose of 1350 mg daily for 30 days improved
endurance time to exhaustion by 7 min and
lowered mean blood pressure (from 113 ± 12 to
109 ± 14 mmHg) and VO2 at the 24th minute
(from 32.5 ± 8 to 27.6 ± 8) during endurance
cycle exercise.41 A trial in 13 physically active
male students found that supplementation with
American ginseng for 4 weeks prior to exhaus-
tive aerobic treadmill running did not enhance
aerobic work capacity but significantly reduced
plasma creatine kinase during the exercise.
The authors concluded that the reduction in
plasma creatine kinase may be due to the fact
that American ginseng is effective in decreasing
skeletal muscle cell membrane damage, induced
by exercise during the high-intensity treadmill
run.42

Upper respiratory tract infections
Two recent trials have investigated the potential
benefit of ginseng in preventing upper respi-
ratory tract infection. In one trial, American
ginseng over 8 or 12 weeks was found to be
safe, well tolerated and potentially effective
in preventing acute respiratory illness caused
by influenza and respiratory syncytial virus
(RSC).43 A further trial with American gin-
seng in 323 subjects aged 18–65 years found
that supplementation for 4 months reduced the
mean number of colds per person, the pro-
portion of subjects who experienced two or
more colds, the severity of symptoms and the
number of days on which cold symptoms were
reported.44

Quality of life
Both Panax ginseng and Siberian ginseng have
been found to improve aspects of mental health
and social functioning after 4 weeks of therapy,
although these benefits attenuate with continued
use.45,46 In another study, Panax ginseng had no
influence on mood or affect.47 Siberian ginseng
has been shown to have potential efficacy for
patients with moderate fatigue.48

Conclusion
Ginseng has been used for thousands
of years, but there are few controlled
trials in humans. Many studies have pro-
duced conflicting results, perhaps due to
lack of standardised products, variation in
dosage, differences in harvest conditions of
the plants and types of ginseng used. A
1999 systematic review49 concluded that
evidence for the efficacy of ginseng for
any indication is weak. The review inves-
tigated the effect of ginseng on athletic
performance, psychomotor and cognitive
performance, immunomodulation, diabetes
mellitus and herpes. Ginseng is taken for
a range of other indications but there is
little evidence that ginseng slows the ageing
process, helps mental or physical function-
ing in the elderly, increases exercise perfor-
mance or improves sexual function.
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Precautions/contraindications

Ginseng should be avoided by children and used
with caution by patients with CVD (includ-
ing hypertension), diabetes mellitus, asthma,
schizophrenia and other disorders of the ner-
vous system. Because of a possible effect on
blood glucose, the effect of ginseng on glucose
measurement in diabetes should be borne in
mind.

Pregnancy and breast-feeding

Ginseng should be avoided.

Adverse effects

Ginseng is relatively non-toxic, but in high doses
(>3 g ginseng root daily) can give rise to the
following symptoms: insomnia, nervous excita-
tion, euphoria; nausea and diarrhoea (especially
in the morning); skin eruptions; oedema;
oestrogenic effects (e.g. breast tenderness;
temporary return of menstruation in post-
menopausal women).50,51

A systematic review of the adverse effects
and drug interactions of Panax ginseng con-
cluded that the incidence of adverse effects with
ginseng monopreparations is similar to that
with placebo. The most commonly experienced
adverse events are headache, sleep and gastro-
intestinal disorders. The possibility of more
serious adverse events is indicated in isolated
case reports and data from reporting schemes.
However, causality is often difficult to deter-
mine from the evidence provided. Combination
products containing ginseng as one of several
constituents have been associated with serious
adverse events and even fatalities. Possible
interactions include ginseng and warfarin and
ginseng and phenelzine.52

Interactions

Drugs
Tranquillisers: ginseng may reverse the effects
of sedatives and tranquillisers.
Digoxin: ginseng may increase blood levels of
digoxin.53

Warfarin: ginseng may influence the effect of
warfarin.54–57

Dose

Ginseng is available in the form of tablets, cap-
sules, teas, powders and tinctures. Red ginseng
is derived from steam-treated ginseng roots and
white ginseng from air-dried roots. Surveys have
found that the ginsenoside concentrations in dif-
ferent products vary enormously.1,58 A review
of 21 US products found that seven had less
than the required concentration of ginsenosides,
two products contained lead above acceptable
levels and eight contained unacceptable levels
of quintozene and hexachlorobenzene.59

The dose is not established. Manufacturers
tend to recommend 0.5–3 g daily of the dried
root or its equivalent.
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Glucosamine

Description

Glucosamine is a natural substance found in
mucopolysaccharides, mucoproteins and chitin.
It is found in relatively high concentrations in
the joints. Some foods, such as crabs, oysters
and the shells of prawns, are relatively rich
in glucosamine, but supplements are the best
source of additional glucosamine. It is available
as a synthetically manufactured dietary supple-
ment in the form of glucosamine sulphate and
glucosamine hydrochloride.

Constituents

Glucosamine is a hexosamine sugar and a basic
building block for the biosynthesis of glycopro-
tein, glycolipids, hyaluronic acid, glycosamino-
glycans and proteoglycans, which are important
constituents of articular cartilage. Chondroitin
sulphate (sometimes found together with glu-
cosamine in supplements), which is synthesised
by the chondrocytes, is one example of a
glycosaminoglycan.

Action

Glucosamine is important for maintaining the
elasticity, strength and resilience of cartilage
in joints. This helps to reduce damage to the
joints. In addition to supporting cartilage and
other connective tissue, glucosamine enhances
both the production of hyaluronic acid and its
anti-inflammatory action.

The mechanism of action is not fully un-
derstood, but administration of glucosamine is
believed to stimulate production of cartilage
components and allow rebuilding of damaged
cartilage. In vitro studies have found that

glucosamine can increase mucopolysaccharide
and collagen synthesis in fibroblast tissue.1 Glu-
cosamine also appears to activate core protein
synthesis in human chondrocytes.2

Possible uses

Glucosamine is used to promote the main-
tenance of joint function and to treat pain,
increase mobility, and help repair damaged
joints in individuals with osteoarthritis and
other joint disorders. It is sometimes provided
in supplements with chondroitin, with which it
may act synergistically. Both substances have
anti-inflammatory activities,3,4 and both affect
cartilage metabolism in vitro.5,6 Animal studies
have also demonstrated that glucosamine has
anti-arthritic effects.7,8

Since 1990, more than 50 studies have exam-
ined the effects of glucosamine on osteoarthritis.
However, many of these studies have been short,
and many have major design flaws and critical
problems with data analysis and interpretation
of results. Some of the largest RCTs are dis-
cussed below.

In a double-blind trial involving 80 inpatients
with established arthritis randomly split into
two groups, the first group received two 250-mg
capsules of glucosamine sulphate and the sec-
ond group an indistinguishable placebo.9 Each
dose was given three times daily for 30 days.
Articular pain, joint tenderness and restriction
of movement were scored on a scale of 1 to
4 at 1-week intervals. Any adverse reactions
were similarly scored. Safety was monitored by
haematology; results of urine analysis and oc-
cult faecal blood were recorded before and after
treatment. Samples of articular cartilage from
two patients of each group and from one healthy
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subject were submitted for scanning electron
microscopy after the end of treatment. Patients
treated with glucosamine sulphate experienced a
reduction in overall symptoms that was almost
twice as great and twice as fast as those who
had placebo. The results were supported by the
electron microscopy findings.

Another double-blind trial used 252 outpa-
tients who had suffered arthritis in the knee to
a measurable amount for at least 6 months.10

The trial randomly allocated the patients to
two groups, one receiving 250-mg tablets of
glucosamine sulphate and the other placebo,
three times daily. The trial was for 4 weeks, with
assessment at enrolment and weekly thereafter.
A statistically significant difference between
glucosamine and placebo was observed, but
only after the fourth week of treatment, and
the clinical significance of the difference is open
to debate.

A total of 155 outpatients with osteoarthritis
of the knee were involved in another double-
blind trial.11 Inclusion criteria included a
requirement to have been suffering from
symptoms for at least 6 months. The two
groups, consisting of 79 and 76 patients,
received 400 mg glucosamine sulphate and
placebo respectively, administered as intramus-
cular injection twice weekly for 6 weeks. Assess-
ment was carried out at enrolment, at 2-weekly
intervals during the trial and once after the trial
had been concluded. At the end of the trial
the patients were assessed by the investigator
and classified as good, moderate, unchanged, or
worse. Safety was monitored by a number of
biochemical tests. A significant improvement in
symptoms was noted compared with placebo,
but this occurred only during weeks 5 and 6 of
the treatment. This may have been related to
the twice-weekly dosing, or to the slow onset
of action. However, methodological problems
of lack of randomisation and missing data,
such as symptom severity at baseline, make
the clinical significance of the improvement
questionable, and the observed differences may
be meaningless.

In a further double-blind trial in patients with
osteoarthritis of the knee, 80 subjects were ran-
domised to receive either glucosamine sulphate
1500 mg daily for 6 months or placebo. Patients’

global assessment of pain in the affected knee
did not differ between placebo and glucosamine.
There was a statistically significant difference
between the two groups in knee flexion, but the
difference was small and could have been due
to measurement error. Overall, as a symptom
modifier in osteoarthritis patients with a wide
range of severities, glucosamine sulphate was
no more effective than placebo.12

A Czech trial involving 202 patients
investigated the effect of glucosamine sulphate
1500 mg daily or placebo on progression of
osteoarthritis of the knee. With placebo there
was progressive narrowing of the joint space
after 3 years, but no average change with
glucosamine sulphate use, with a significant
difference between groups. Symptoms improved
modestly with placebo use but as much as
20–25% with glucosamine sulphate use. Safety
was good, with no difference between groups.
In this study, long-term treatment with glu-
cosamine sulphate slowed the progression of
knee osteoarthritis, possibly by influencing dis-
ease modification.13

A further study involving 212 patients over
a period of 3 years investigated the effect of
glucosamine sulphate on future progression of
osteoarthritis. Patients with less severe radio-
graphic knee osteoarthritis were found to expe-
rience, over 3 years, the most dramatic disease
progression in terms of joint space narrowing.
In these patients with mild osteoarthritis, glu-
cosamine sulphate was associated with a trend
(P = 0.01) towards a significant reduction in
joint space narrowing, while in those with severe
disease, joint space narrowing did not differ
between glucosamine and placebo.14

In a trial involving 319 post-menopausal
women, those taking glucosamine sulphate
showed no joint space narrowing while
participants in the placebo group experi-
enced a narrowing of 0.33 mm, with a
statistically significant difference between the
two groups after 3 years.15

A more recent trial investigated the effect
of continued use of glucosamine or placebo
in 137 users of glucosamine with knee osteo-
arthritis who had experienced at least mod-
erate improvement in knee pain after starting
glucosamine. After 6 months, no differences
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were found between glucosamine and placebo
patients in severity and time to disease flare, use
of paracetamol and use of NSAIDs.16

Another trial recruited 205 patients with
symptomatic knee arthritis from the Inter-
net. Participants were randomly assigned to
glucosamine 1500 mg daily or placebo. After
12 weeks, there was no difference between
treatment and control groups in terms of change
in pain score, stiffness, physical function or
analgesic use.17

A trial in 142 patients suffering from knee
osteoarthritis compared the efficacy and safety
of glucosamine sulphate (1500 mg daily) with
that of glucosamine hydrochloride (1440 mg
daily). Symptoms improved in both groups,
but there were no significant differences in
efficacy and safety between the two groups.
Glucosamine hydrochloride was as effective and
safe as glucosamine sulphate in the treatment of
knee osteoarthritis.18

Other trials have compared the effi-
cacy of glucosamine with ibuprofen19,20 and
piroxicam.21 Oral glucosamine sulphate 500 mg
three times a day was reported to be at least as
effective as oral ibuprofen 400 mg three times a
day in a study involving 40 patients with osteo-
arthritis of the knee.19 Pain scores decreased
significantly in both groups, but the onset of
action was more rapid with ibuprofen, with
maximum effectiveness reached after 2 weeks,
whereas glucosamine was associated with a
gradual, progressive improvement throughout
the trial.

In a randomised, double-blind, parallel-
group study,20 glucosamine 500 mg three times
daily was as effective as ibuprofen 400 mg three
times daily for 4 weeks in the treatment of 200
inpatients with osteoarthritis of the knee. Again,
therapeutic effect was generally obtained sooner
with ibuprofen, but glucosamine was signifi-
cantly better tolerated than ibuprofen. A total of
six patients reported adverse effects (versus 35
with ibuprofen) and one discontinued treatment
(versus seven with ibuprofen). However, the
definition of treatment response, as well as short
duration of the study, leave the results open to
debate as to their clinical significance.

Glucosamine sulphate was as effective
as piroxicam alone or a combination of

glucosamine and piroxicam in a randomised
multicentre, double-blind, placebo-controlled
trial involving 329 patients.21 Glucosamine
sulphate 1500 mg daily, piroxicam 20 mg daily,
a combination of glucosamine and piroxicam,
or placebo was given for 60 days, followed by a
60-day observation period without treatment.
Glucosamine appeared to have a persistent
treatment effect after withdrawal compared
to piroxicam, and significantly fewer adverse
effects were recorded for glucosamine.

Several meta-analyses and systematic reviews
have investigated the benefits of glucosamine in
the treatment of osteoarthritis. One evaluated
the benefit of both glucosamine and chon-
droitin for osteoarthritis symptoms.22 It used a
meta-analysis combined with systematic quality
assessment of clinical trials of these preparations
in knee and/or hip osteoarthritis. Reviewers
performed data extraction and scored each
trial using a quality assessment instrument.
Of the 37 trials identified, only 15 met their
criteria of being double-blind (published or
unpublished), randomised, placebo-controlled
or of 4 or more weeks’ duration that tested
glucosamine or chondroitin for knee or hip
osteoarthritis and reported extractable data on
the effect of treatment on symptoms. Of the 15
trials analysed, only six concerned glucosamine;
the remaining nine, almost all of which were
manufacturer-sponsored, were judged to be of
inadequate quality by the authors. Neverthe-
less, they concluded that trials of glucosamine
and chondroitin preparations for osteoarthritis
symptoms did show moderate to large beneficial
effects, but acknowledged that quality issues
and likely publication bias might have exagger-
ated these benefits.

A further meta-analysis23 included 10 trials
(three of which were also included in the above
meta-analysis22). The trials included looked
at glucosamine alone – not chondroitin. The
method employed was a scoring system,24 and
only five of the 10 trials achieved the arbitrary
pass mark. The major problems in most of the
trials in this meta-analysis were a lack of parti-
cipants, a lack of detail about the randomisation
process, and no monitoring of patients after the
trial period had finished. Of the 10 clinical trials,
six compared glucosamine sulphate to placebo.
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Of the remaining four trials, two compared
glucosamine to ibuprofen and the other two
used glucosamine sulphate alone. The results
of this meta-analysis were in broad agreement
with those of the above study22 and were
positive. However, the authors concluded that
the variations in study methodology made it
difficult to reach a firm decision as to the overall
effectiveness of glucosamine for the treatment of
osteoarthritis.

A mini-review compared the effectiveness of
oral glucosamine with ibuprofen for relief of
joint pain in arthritis. From the two RCTs
included in the review, there were no significant
differences between the two treatments with
respect to pain reduction. Both were efficacious
treatments and glucosamine appeared to be at
least as effective as ibuprofen.25

A further meta-analysis assessed the struc-
tural and symptomatic efficacy of glucosamine
sulphate and chondroitin sulphate in knee
osteoarthritis through their effects on joint
space narrowing, Lequesne Index, Western On-
tario McMaster University Osteoarthritis Index
(WOMAC), visual analogue scale for pain, mo-
bility, safety and response to treatment. Suitable
clinical trials performed between January 1980
and March 2002 were included. There was a
highly significant effect of glucosamine on
all outcomes, including joint space narrowing
and WOMAC. Chondroitin was found to be
effective on Lequesne Index, visual analogue
scale pain, mobility and responding status. Joint
mobility also improved markedly, with one
person responding for every five patients treated
(number needed to treat = 4.9). Safety was good
for both compounds.26

Another meta-analysis investigated the struc-
tural and symptomatic efficacy and safety of
glucosamine in knee osteoarthritis. Suitable
trials up to August 2004 were included. Studies
were included if they were double-blind RCTs,
lasting at least 1 year, that evaluated oral glu-
cosamine and reported symptom severity and
disease progression as assessed by joint space
narrowing. Glucosamine sulphate was more
effective than placebo in delaying structural
progression in knee osteoarthritis, reducing pain
and improving physical function. Glucosamine
sulphate caused no more adverse events than

placebo. The authors concluded that due to the
sparse data on structural efficacy and safety,
more studies are warranted.27

A Cochrane review of 20 RCTs evalu-
ating the effectiveness and toxicity of glu-
cosamine in osteoarthritis found glucosamine
more favourable than placebo, with a 28%
improvement in pain and 21% improvement in
function, using the Lequesne Index. However,
the trials did not show uniformly positive
results. In the 10 RCTs in which the Rotta (name
of manufacturer) preparation of glucosamine
was compared to placebo, glucosamine was
found to be superior for pain and function.
In those trials where a non-Rotta preparation
of glucosamine was compared to placebo, sta-
tistical significance was not reached. In the
four RCTs where the Rotta preparation of
glucosamine was compared to a NSAID, glu-
cosamine was superior in two and equivalent in
two. Two RCTs using the Rotta preparation
showed that glucosamine was able to slow
radiological progression of osteoarthritis of the
knee over a 3-year period. Glucosamine and
placebo were of equivalent safety in terms
of the number of subjects reporting adverse
reactions.28

The multicentre, double-blind, placebo- and
celecoxib-controlled Glucosamine/chondroitin
Arthritis Intervention Trial (GAIT) evaluated
the efficacy and safety of glucosamine and
chondroitin as a treatment for knee pain from
osteoarthritis. A total of 1583 patients with
symptomatic knee osteoarthritis were ran-
domised to receive 1500 mg glucosamine daily,
1200 mg chondroitin sulphate daily, both glu-
cosamine and chondroitin sulphate, 200 mg of
celecoxib daily or placebo for 24 weeks. Over-
all, glucosamine and chondroitin sulphate were
not significantly better than placebo in reducing
knee pain by 20%. The rate of response to
glucosamine was 3.9% higher than placebo,
the rate of response to chondroitin was 5.3%
higher, the rate of response to combined treat-
ment was 6.5% higher and the rate of response
to celecoxib was 10% higher. However, for the
subgroup of patients with moderate to severe
knee pain at baseline, the rate of response was
significantly higher with combined therapy than
with placebo (79.2% vs 54.3%, P = 0.002).
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This suggests that glucosamine and chondroitin
in combination may be effective in the group of
patients with moderate to severe knee pain, but
not in patients overall with osteoarthritis of the
knee.29

A blinded RCT compared a topical cream
containing glucosamine, chondroitin sulphate
and camphor with placebo. The study included
63 patients with osteoarthritis of the knee.
Intention-to-treat analysis showed that after
4–8 weeks, reduction in pain was greater in the
treatment group than the placebo group.30

Conclusion
Glucosamine and also chondroitin are likely
to be effective therapies for the symptoms
of osteoarthritis, but the degree of bene-
fit apparent in the literature is probably
overestimated because of methodological
flaws in the studies. Further long-term,
adequately designed, rigorous controlled
studies are required before the role of
glucosamine in the treatment of bone and
joint disorders can be fully determined.
In addition, further trials are needed to
determine whether glucosamine can signifi-
cantly modify the radiological progression
of osteoarthritis.

Precautions/contraindications

Glucosamine may alter glucose regulation/
insulin sensitivity.31,32 However, more recent
research reports no significant effects on
haemoglobin A1c levels in patients with type
2 diabetes after 90 days’ therapy,33 nor on
serum insulin, plasma glucose and glycated
haemoglobin after 12 weeks.34 However, until
further studies are conducted, it would appear
prudent for patients with diabetes taking glu-
cosamine to be aware of its potential influence
on glucose metabolism.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of glucosamine in pregnancy and

breast-feeding. Glucosamine is probably best
avoided.

Adverse effects

Glucosamine is relatively non-toxic, and does
not appear to be associated with serious side-
effects. Side-effects reported include constipa-
tion, diarrhoea, heartburn, nausea, drowsiness,
headache and rash.

Interactions

Drugs
None are known, but in theory insulin or oral
hypoglycaemics may be less effective.

Dose

Glucosamine is available in the form of tablets,
capsules and powders as glucosamine sulphate,
glucosamine hydrochloride and N-acetyl-d-
glucosamine (NAG). It is also available in
the form of cream. A review of 10 products
containing glucosamine found that all products
contained the labelled amounts of glucosamine,
but six out of 13 products containing glu-
cosamine and chondroitin did not pass, all due
to low chondroitin levels.35

The dose is not definitely established. How-
ever, a dose of glucosamine sulphate 500 mg
three times a day (1500 mg daily) has been
used in most studies and this is the dose
recommended by many manufacturers. Full
therapeutic benefit may take more than 4 weeks.
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Grape seed extract

Description

Grape seed extract is an extract from the tiny
seeds of red grapes.

Constituents

Grape seed extract is a source of oligomeric
proanthocyanidin complexes (OPCs), some-
times known as proanthocyanidins, which
are one of the categories of flavonoids (see
Flavonoids). Proanthocyanidins are polyphenol
oligomers derived from flavan-3-ols and flavan-
3,4-diols. Grape seed extract contains OPCs
made up of dimers or trimers of catechin and
epicatechin. Additional active ingredients in
grape seed extract include essential fatty acids
and tocopherols.

Action

Grape seed is a potent antioxidant. Proantho-
cyanidins are thought to:1

� neutralise free radicals, including hydroxyl
groups and lipid peroxides, blocking lipid
peroxidation and stabilising cell membranes;

� inhibit the destruction of collagen by stabil-
ising the activity of 1-antitrypsin, which in-
hibits the activity of destructive enzymes such
as elastin and hyaluronic acid (this is thought
to prevent fluid exudation by allowing red
blood cells to cross the capillaries);

� inhibit the release of inflammatory media-
tors, such as histamine and prostaglandins;
and

� inhibit platelet aggregation.

In addition, they are thought to have antibacte-
rial, antiviral and anticarcinogenic actions.

Possible uses

Grape seed extract is promoted as an anti-
oxidant to prevent CHD and stroke, and
to strengthen fragile capillaries and improve
circulation to the extremities. It is promoted
for the treatment of conditions associated with
poor vascular function such as diabetes mellitus,
varicose veins, impotence and tingling in the
arms and legs. Anecdotally it has been reported
to be useful for treating inflammatory condi-
tions, varicose veins and cancer. It has also been
suggested to be useful for helping to prevent
macular degeneration and cataracts.

Cardiovascular disease
Oral administration of proanthocyanidins from
grape seed extract reduced serum cholesterol in
a high-cholesterol animal feed model.2 Specifi-
cally, it prevented the increase of total and LDL
cholesterol.

In a double-blind study, 71 patients with
peripheral venous insufficiency received 300 mg
daily OPCs from grape seed. A reduction in
functional symptoms was observed in 75% of
the treated patients compared to 41% of the
patients given a placebo.3

In a double-blind clinical trial, a group of
elderly patients with either spontaneous or
drug-induced poor capillary resistance were
treated with 100–150 mg OPCs from grape
extract daily, or placebo. There was a signifi-
cant improvement in capillary resistance in the
treated group after approximately 2 weeks.4

A further trial evaluated the effect of a
standardised formulation of a polyphenolic
extract of grapes on LDL susceptibility to
oxidation in a group of heavy smokers. This was
a randomised, double-blind, crossover study

166



Grape seed extract 167

involving 24 healthy male heavy smokers aged
50 years or over. Subjects were given two cap-
sules (containing 75 mg of a grape procyanidin
extract) twice daily for 4 weeks. This was
followed by a washout period of 3 weeks and
placebo for 4 weeks. Subjects did not show
significant modification of total cholesterol,
triglycerides, HDL or LDL cholesterol during
grape seed extract treatment. However, among
oxidative indices, the concentration of thiobar-
bituric acid reactive substances was significantly
reduced in subjects taking grape seed extract
compared with placebo and basal values. The
authors concluded that the antioxidant poten-
tial of grape seed extract polyphenols may
prove effective as a model of oxidative stress
(smoking). However, more investigational data
are needed before use in wider clinical settings
can be recommended.5

Miscellaneous
Grape seed extract is increasingly being inves-
tigated for other conditions. A double-blind
RCT investigated the effect of grape seed extract
in the treatment of seasonal allergic rhinitis.
Patients with seasonal allergic rhinitis and skin
prick test sensitivity to ragweed were ran-
domised to 8 weeks’ treatment with grape seed
extract 100 mg twice daily or placebo, which
was begun before the ragweed pollen season.
Over the period of the study, no significant
differences were observed between active and
placebo groups in rhinitis quality of life assess-
ments, symptom diary scores or requirements
for rescue antihistamine. No significant labora-
tory abnormalities were detected. Overall, this
study showed no trends towards supporting the
efficacy of grape seed extract in the treatment of
seasonal allergic rhinitis.6

Grape seed extract has been shown to stim-
ulate lipolysis in vitro and reduce food intake
in rats. Leading on from these findings, a study
has assessed the efficacy of grape seed extract
with respect to energy intake and satiety. In
a randomised, placebo-controlled, double-blind
crossover study, 51 subjects (aged 18–65 years,
body mass index 22–30) were given a grape seed
supplement for 3 days, 30–60 min prior to ad
libitum lunch and dinner in a university restau-
rant. In the total study population, no difference

in 24-hour energy intake was found between
grape seed extract and placebo. However, in a
subgroup of subjects (n = 23) with an energy
requirement ≥7.5 MJ/day, energy intake was
reduced by 4% after grape seed compared to
placebo. There were no significant differences
in macronutrient composition, attitude towards
eating, satiety, mood or tolerance. The authors
concluded that these findings suggest that grape
seed could be effective in reducing 24-hour
energy intake in normal to overweight dietary
unrestrained subjects and could therefore play a
role in body weight management.7

Conclusion
Preliminary evidence suggests that grape
seed extract might lower lipid levels,
improve symptoms of venous insufficiency
and capillary resistance, reduce oxidative
stress and play a role in body weight
management. However, there are no well-
controlled studies, and evidence for efficacy
is promising but not yet robust.

Precautions/contraindications

No known contraindications, but based on the
potential pharmacological activity of OPCs, i.e.
that they may inhibit platelet aggregation, grape
seed extract should be used with caution in
patients with a history of bleeding or haemo-
static disorders. It is probably wise to discon-
tinue use 14 days before any surgery, including
dental surgery.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of grape seed extract in pregnancy and
breast-feeding.

Adverse effects

None reported. However, there are no long-
term studies assessing the safety of grape seed
extract.
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Interactions

Drugs
None reported, but in theory bleeding tendency
may be increased with anticoagulants, aspirin
and anti-platelet drugs.

Dose

Grape seed extract is available in the form of
tablets and capsules. Supplements should be
standardised (and labelled) to contain 92–95%
proanthocyanidins or OPCs.

The dose is not established, but doses of 100–
300 mg daily have been used in studies.
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Green-lipped mussel

Description

Green-lipped mussel extract comes from Perna
canaliculata, a salt-water shellfish indigenous to
New Zealand.

Constituents

Green-lipped mussel extract contains a weak
prostaglandin inhibitor that exerts an anti-
inflammatory effect, as well as amino acids,
fats, carbohydrates and minerals. Omega-3 fatty
acids may be the key to its anti-inflammatory
activity.

Possible uses

Rheumatoid arthritis
Green-lipped mussel extract is claimed to be
effective in the treatment of rheumatoid arthri-
tis. The small number of human studies pub-
lished have generally shown that green-lipped
mussel is not effective in arthritis,1–3 but two
studies have shown positive effects.4,5 A more
recent study has indicated that green-lipped
mussel, added to a complete dry diet, can help
alleviate symptoms of arthritis in dogs.6

A systematic review of studies using freeze-
dried green-lipped mussel found mixed out-
comes and was not conclusive. Of five RCTs,
only two attested benefits for rheumatoid and
osteoarthritic patients. Similarly, animal studies
have yielded mixed findings. In both cases,
according to the authors, this could be due to
lack of stabilisation of the omega-3 fatty acids
in the product. Overall there is little consistent
and compelling evidence to date to show the
therapeutic value of green-lipped mussel sup-
plements, such as SeatoneTM, in arthritis. The

authors conclude that there is a need for further
investigations.7

Asthma
Experimental studies have shown that lipid
extract of green-lipped mussel is effec-
tive at inhibiting 5′-lipoxygenase and cyclo-
oxygenase pathways responsible for produc-
tion of eicosanoids, including leukotrienes and
prostaglandins, and it has been suggested that
this compound could help patients with asthma.
An RCT assessed the effect of green-lipped
mussel on asthma symptoms, peak expiratory
flow and hydrogen peroxide as a marker of
airway inflammation in patients in expired
breath condensate as a marker of airway
inflammation. Forty-six patients with atopic
asthma received two capsules of a lipid extract
of green-lipped mussel or placebo three times
a day for 8 weeks. Each capsule of extract
contained 50 mg omega-3 polyunsaturated fatty
acids and 100 mg olive oil, while the placebo
contained only 100 mg olive oil. There was
a significant decrease in daytime wheeze, the
concentration of exhaled hydrogen peroxide
and an increase in morning peak expiratory flow
rate. The authors concluded that lipid extract
of New Zealand green-lipped mussel may have
some beneficial effect in patients with atopic
asthma.8

Adverse effects

Green-lipped mussel is relatively non-toxic, but
allergic reactions (e.g. gastrointestinal discom-
fort, nausea and flatulence) have been reported
occasionally.
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Interactions

None reported.

Dose

Green-lipped mussel extract is available in the
form of capsules.

The dose is not established; dietary sup-
plements provide approximately 1 g per daily
dose.
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Green tea extract

Description

Green tea is prepared from the steamed and
dried leaves of Camellia sinensis. It is different
from black tea in that black tea is produced
from leaves that have been withered, rolled,
fermented and dried. The lack of fermentation
gives green tea its unique flavour and also pre-
serves the naturally present flavonoids, which
are antioxidants.

Constituents

Green tea contains flavonoids, a large group
of polyphenolic compounds with antioxidant
properties. Of the flavonoids found in green tea,
catechins make up 30–50% of the dry tea leaf
weight. These include epigallocatechin gallate,
epicatechin and epicatechin gallate. Green tea
also contains flavonols, tannins, minerals, free
amino acids, and methylxanthines (caffeine,
theophylline and theobromine).

Action

Green tea appears to have the following effects:
� An antioxidant effect. Green tea may protect

against oxidative damage to cells and tissues.
� A chemoprotective effect. This is attributed

to the catechins, compounds that are thought
to inhibit cell proliferation. In vitro stud-
ies have shown that green tea polyphenols
induce programmed cell death (apoptosis)
in human cancer cells1,2 and block tumour
growth by inhibition of tumour necrosis
factor-α as well as a variety of other potential
anti-cancer effects.3–7 Animal studies have
also shown the inhibitory effect of green tea
against carcinogens.8–10

� Antibacterial and antiviral activity. In vitro
studies have demonstrated that green tea
polyphenols block the growth of micro-
organisms that cause diarrhoea11 and
influenza.12

� Reduction of serum cholesterol.
� Reduction in LDL cholesterol oxidation.

Two in vitro studies13,14 showed that green
tea can inhibit oxidation of LDL.

� Inhibition of platelet aggregation.

Possible uses

Green tea has been investigated mainly for
supposed protective effects in cancer and CVD.

Cancer
A review of 31 epidemiological studies of green
tea consumption and cancer risk found no
overall consistent effect.6 Of the total studies
reviewed, 17 showed reduced cancer risk, seven
increased risk, three no association and five an
increased risk. Of the 10 studies on stomach
cancer, six suggested a reduced risk and three an
increased risk. Of the nine studies investigating
colorectal cancer, four suggested a reduced risk
and three an increased risk. Both studies on
bladder cancer showed a reduced risk, and
two out of the three studies on pancreatic
cancer showed reduced risk. Studies examining
oesophageal cancer showed mixed results, but
very hot or scalding tea was associated with
increased risk.

In a study of 472 Japanese patients with stage
I, II and III breast cancer,15 the level of green tea
consumption before clinical diagnosis of cancer
was evaluated. Increased consumption of green
tea was significantly associated with decreased
numbers of axillary lymph node metastases
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among pre-menopausal patients with stage I
and II breast cancer and increased expression
of progesterone receptor and oestrogen receptor
in post-menopausal patients. In a follow-up
study, increased consumption of green tea was
correlated with reduced recurrence of stage I
and II breast cancer; the recurrence rate was
16.7% among those consuming five or more
cups daily or 24.3% in those consuming four
or more cups daily. However, no improvement
was seen in those with stage III breast cancer.

Green tea may block the frequency of sister
chromatid exchange (SCE), a biomarker of
mutagenesis. A study in 52 Korean smokers16

showed that SCE rates were significantly higher
in smokers than non-smokers. However, the
frequency of SCE in smokers who consumed
green tea was comparable to that of non-
smokers.

A systematic review and meta-analysis of
observational studies linking green tea with
breast cancer found that the pooled relative risk
of developing breast cancer for the highest levels
of green tea consumption in cohort studies was
0.89 (95% CI, 0.71 to 1.1; P = 0.28), and in
case-control studies, the odds ratio was 0.44
(95% CI, 0.14 to 1.31; P = 0.14). The pooled
relative risk of cohort studies for breast cancer
recurrence in all stages was 0.75 (95% CI, 0.47
to 1.19; P = 0.22). The authors’ conclusion
was that, to date, the epidemiological data
indicate that consumption of five or more cups
of green tea a day shows a non-statistically
significant trend towards the prevention of
breast cancer. There is some evidence that
green tea consumption may help to prevent
breast cancer recurrence in early stage (I and II)
cancers.17

Genetic factors may play a role in the
influence of green tea on breast cancer. A case-
control study involving 297 incident breast can-
cer cases and 665 control subjects in Singapore
found no association of green tea consumption
and breast cancer among all women or those
with low activity of angiotensin-converting
enzyme (ACE) genotype. However, among
women with high activity of ACE genotype,
frequency of intake for green tea was associated
with a significantly decreased risk of breast
cancer.18

Cardiovascular disease
A cross-sectional study of the effects of drinking
green tea on cardiovascular and liver disease19

in 1371 Japanese men aged over 40 showed
that increased consumption of green tea was
associated with reduced serum concentrations
of total cholesterol and triglyceride and an
increased proportion of HDL cholesterol, with
a decreased proportion of low and very LDL
cholesterol. In addition, increased consump-
tion of green tea was associated with reduced
concentrations of hepatic markers in serum
(aspartate aminotransferase, alanine transferase
and ferritin).

However, another cross-sectional study in
371 individuals from five districts of Japan20

showed that green tea was not associated
with serum concentrations of total cholesterol,
triglycerides or HDL cholesterol.

Another study examined the relation between
green tea consumption and arteriographically
determined coronary atherosclerosis.21 The sub-
jects were 512 patients (302 men and 210
women) aged 30 years or older, who had under-
gone coronary arteriography for the first time
between September 1996 and August 1997.
Green tea consumption tended to be inversely
associated with coronary atherosclerosis in men
but not in women.

A further study investigated the impact of
theaflavin-enriched green tea extract on the
lipids and lipoproteins of subjects with mild to
moderate hypercholesterolaemia. A total of 240
men and women aged 18 or over on a low-fat
diet with mild to moderate hypercholesterol-
aemia were randomly assigned to receive a daily
capsule containing theaflavin-enriched green tea
extract (375 mg) or placebo for 12 weeks. In the
green tea group, mean total cholesterol fell by
11.3% and mean LDL cholesterol by 16.4%,
both statistically significant changes compared
with baseline. There were no significant changes
in the placebo group. The authors concluded
that the green tea extract studied is an effec-
tive adjunct to a low-saturated fat diet to
reduce LDL cholesterol in hypercholestero-
laemic adults and is well tolerated.22 Green tea
has also been shown to improve overall antioxi-
dant status and to protect against oxidative
damage in human beings,23 and to attenuate the
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increase in plasma triacylglycerol (triglyceride)
levels following a fat load.24

Body weight
Green tea is being increasingly investigated for
its potential influence on body weight. One
study found that weight maintenance after
7.5% body weight loss was not affected by
green tea treatment.25 In another study, a green
tea/caffeine mixture improved weight mainte-
nance, partly through thermogenesis and fat
oxidation, but only in habitual low caffeine
consumers.26 Further evidence for a thermo-
genic effect of green tea was found in another
study where there was an increase in 24-h
energy expenditure with mixtures of caffeine
and epigallocatechin-3-gallate (EGCG), a cat-
echin in green tea.27 However, green tea
had no significant effect on body weight in
Chinese obese women with polycystic ovary
syndrome.28

Miscellaneous
Green tea has been studied for its effect on
insulin resistance, blood glucose level, HbA1c
level and markers of inflammation, but without
any clear effects.29 Green tea polyphenols have
been postulated to protect human skin from
photoageing, but clinically significant changes
were not detected in one study.30

A further study found that green tea
extracts can be a potential therapy for patients
with human papilloma virus (HPV) infected
cervical lesions.31 This study evaluated the
influence of green tea extracts delivered in
the form of an ointment or capsules in 51
patients with HPV-infected cervical lesions.
Overall, a 69% response rate was noted for
treatment with green tea extracts compared
with a 10% response rate from untreated
controls.

A recent Japanese cross-sectional study has
evaluated the effect of green tea on cognitive
function. The frequency of green tea consump-
tion was examined in 1003 Japanese subjects
aged 70 or over. Higher consumption of green
tea was associated with lower levels of cognitive
impairment.32

Conclusion
Green tea has been investigated for protec-
tive effects in CVD and cancer, in which it
shows some promise. There is also some
evidence that it helps to maintain body
weight after weight loss. However, there
is still a dearth of good-quality controlled
trials and firm conclusions must await results
from such trials.

Precautions/contraindications

No known contraindications, but based on the
potential pharmacological activity of polyphe-
nols (i.e. that they may inhibit platelet aggre-
gation), green tea extract should be used with
caution in patients with a history of bleeding
or haemostatic disorders. It is probably wise
to discontinue use 14 days before any surgery,
including dental surgery.

Pregnancy and breast-feeding

No problems have been reported, but there
have been insufficient studies to guarantee the
safety of green tea supplements in pregnancy
and breast-feeding.

Adverse effects

There is a lack of tolerance and safety data on
supplements of this substance. However, green
tea has been consumed safely in China for more
than 4000 years. Recently there have been case
reports of green tea extracts (not the beverage)
being associated with liver toxicity. As with any
plant-containing substance, this may be due to
the presence of contaminants.

Interactions

Drugs
None are known, but in theory bleeding ten-
dency may be increased with anticoagulants,
aspirin and anti-platelet drugs.
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Dose

Green tea is available in the form of capsules as
well as tea for drinking.

The dose is not established, but doses of
250–300 mg daily have been used. Supplements
should be standardised (and labelled) to contain
50–97% polyphenols, containing per dose at
least 50% (–)epigallocatechin-3-gallate. Four to
six cups of freshly brewed green tea should
provide similar levels of polyphenols.
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Guarana

Description

Guarana is produced from the dried and
powdered seeds of a South American shrub,
Paullinia cupana.

Constituents

Guarana contains a substance called guaranine
(a synonym for caffeine). It also contains theo-
bromine, theophylline and tannins.

Action

Guarana acts as a CNS stimulant, increases
heart rate and contractility, increases blood
pressure, inhibits platelet aggregation, stim-
ulates gastric acid secretion, causes diuresis,
relaxes bronchial smooth muscle and stimulates
the release of catecholamines.

Possible uses

Guarana is claimed to:
� improve mental alertness, endurance, vital-

ity, immunity, stamina in athletes and sexual
drive;

� retard ageing;
� alleviate migraine, diarrhoea, constipation

and tension; and
� act as an appetite suppressant to aid slim-

ming.

Because of it caffeine content, guarana is likely
to be effective when taken as a CNS stimulant,
but it has not been subjected to controlled

trials. There is no good evidence that guarana
improves stamina and performance in ath-
letes. There is insufficient reliable information
about the effectiveness of guarana for other
indications.

Precautions/contraindications

Guarana should be avoided by people with heart
conditions, peptic ulcer, anxiety disorders, and
renal impairment. It should also not be taken
within 2 h of bedtime.

Pregnancy and breast-feeding

Guarana should be avoided during pregnancy
and breast-feeding.

Adverse effects

High doses of guarana may cause insomnia,
nervousness, irritability, palpitations, gastric
irritation, flushing and elevated blood pressure.

Interactions

None have been reported.

Dose

Guarana is available in the form of tablets and
capsules, either in isolation or with vitamins and
minerals in other dietary supplements.

The dose is not established. Guarana should
not be recommended. Dietary supplements pro-
vide 50–200 mg.
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Iodine

Description

Iodine is an essential trace element.

Human requirements

See Table 1 for Dietary Reference Values for
iodine.

Dietary intake

In the UK, the average adult diet provides: for
men, 220 µg daily; for women, 159 µg.

Action

Iodine is an essential part of the thyroid
hormones thyroxine (T4) and triiodothyronine
(T3).

Dietary sources

See Table 2 for dietary sources of iodine.

Metabolism

Absorption
Inorganic iodine is rapidly and efficiently
absorbed. Organically bound iodine is less well
absorbed.

Distribution
Iodine is transported to the thyroid gland (for
the synthesis of thyroid hormones), and to a
lesser extent to the salivary and gastric glands.

Elimination
Excretion of inorganic iodine is mainly via the
urine. Some organic iodine is eliminated in the
faeces. Iodine is excreted in the breast milk.

Deficiency

Iodine deficiency leads to goitre and hypo-
thyroidism.

Possible uses

Supplements containing iodine may be required
by vegans (strict vegetarians who consume no
dairy products). In a study in Greater London
that included 38 vegans,1 intakes of iodine in the
vegan individuals were below the DRVs. The
authors of the study concluded that the impact
of these low iodine intakes should be studied
further and that vegans should use appropri-
ate dietary supplements. Further studies have
confirmed a markedly reduced iodine intake
with a lactovegetarian diet compared with an
ordinary diet,2 and a higher prevalence of iodine
deficiency in vegans and vegetarians.3

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

Doses exceeding the RDA should not be used
(they may result in abnormal thyroid function
in the infant).
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Table 1 Dietary Reference Values for iodine (µg/day)

EU RDA = 150 µg

Age UK USA
WHO/FAO

LNRI RNI EVM RDA TUL RNI

0–3 months 40 50 1101 – 90
4–6 months 40 60 1101 – 90
7–12 months 40 60 130 – 90
1–3 years 40 70 90 200 90
4–6 years 50 100 – – –
4–8 years – – 90 300
7–10 years 55 110 – – 1203

9–13 years – – 120 600 –
14–18 years – – 150 900 1504

Males and females
11–14 years 65 130 – – –
15–18 years 70 140 – – –
19–50+ 70 140 5001 150 1100 150
Pregnancy * * 220 11002 200
Lactation * * 290 11002 200

1 Adequate Intakes (AIs). 2 < 18 years, 90 µg. 3 6–12 years. 4 13–18 years.

EVM = Likely upper safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level.

Adverse effects

High iodine intake may induce hyperthyroidism
(particularly in those over the age of 40 years)
and toxic modular goitre or hypothyroidism
in autoimmune thyroid disease. There is a
risk of hyperkalaemia with prolonged use of
high doses. Toxicity is rare with intakes below
5000 µg daily and extremely rare at intakes
below 1000 µg daily.

Hypersensitivity reactions including
headache, rashes, symptoms of head cold,
swelling of lips, throat and tongue, and
arthralgia (joint pain) have been reported.

Interactions

Drugs
Antithyroid drugs: iodine may interfere with
thyroid control.

Table 2 Dietary sources of iodine

Food portion
Iodine content
(µg)

Milk and dairy products
1/2 pint milk, whole, semi-skimmed

or skimmed
45

1 pot yoghurt (150 g) 90
Cheese (50 g) 25
Fish
Cod, cooked (150 g) 150
Haddock, cooked (150 g) 300
Mackerel, cooked (150 g) 200
Plaice, cooked (150 g) 50

Excellent sources (bold); good sources (italics).

Note: Iodised salt contains 150µg/5 g.
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Dose

Iodine is available mostly as an ingredient in
multivitamin and mineral products.

Dietary supplements usually provide 50–
100% of the RDA.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of iodine for adults from supplements alone of
500 µg daily.
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Iron

Description

Iron is an essential trace mineral.

Human requirements

See Table 1 for Dietary Reference Values of iron.

Dietary intake

In the UK, the average adult diet provides:
for men 13.2 mg daily; for women, 10.0 mg.
Dietary iron consists of haem and non-haem
iron; in animal foods, about 40% of the iron
is haem iron and 60% is non-haem iron; all the
iron in vegetable products is non-haem iron.

Action

Iron is a component of haemoglobin, myoglobin
and many enzymes that are involved in a variety
of metabolic functions, including transport and
storage of oxygen, the electron transport chain,
DNA synthesis and catecholamine metabolism.

Dietary sources

See Table 2 for dietary sources of iron.

Metabolism

Absorption
Absorption of iron occurs principally in the
duodenum and proximal jejunum. Absorption
of food iron varies between 5% and 15%. Haem
iron is more efficiently absorbed than non-haem
iron. Body iron content is regulated mainly
through changes in absorption.

Distribution
Iron is transported in the blood bound to
the protein transferrin, and is stored in the
liver, spleen and bone marrow as ferritin and
haemosiderin.

Elimination
The body has a limited capacity to eliminate
iron, and it can accumulate in the body to
toxic amounts. Small amounts are excreted in
the faeces, urine, skin, sweat, hair, nails and
menstrual blood.

Bioavailability

The absorption of non-haem iron is enhanced
by concurrent ingestion of meat, poultry and
fish, and by various organic acids, especially
ascorbic acid; it is inhibited by phytates (found
in bran and high-fibre cereals), tannins (found
in tea and coffee), egg yolk and by some drugs
and nutrients (see Interactions). Ferrous salts are
more efficiently absorbed than ferric salts.

Deficiency

Iron deficiency leads to microcytic,
hypochromic anaemia. Symptoms include
fatigue, weakness, pallor, dyspnoea on
exertion and palpitations. Non-haematological
effects include impairment in work capacity,
intellectual performance, neurological function
and immune function and, in children,
behavioural disturbances. Gastrointestinal
symptoms are also fairly common and the
fingernails may become lustreless, brittle,
flattened and spoon-shaped.
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Table 1 Dietary Reference Values for iron (mg/day)

EU RDA = 14 mg

Age UK USA
FAO/WHO

LNRI EAR RNI EVM RDA TUL RNI4

0–3 months 0.9 1.3 1.7 0.272 40 –
4–6 months 2.3 3.3 4.3 0.272 40 –
7–12 months 4.2 6.0 7.8 11 40 6.2–18.6
1–3 years 3.7 5.3 6.9 7 40 3.9–11.6
4–6 years 3.3 4.7 6.1 – – 4.2–12.6
4–8 years – – – 10 40 –
7–10 years 4.7 6.7 8.7 10 – 5.9–17.8a

9–13 years – – – 8 40 –

Males
11–14 years 6.1 8.7 11.3 – – 9.7–29.2b

15–18 years 6.1 8.7 11.3 – – 12.5–37.6
14–18 years – – – 11 45 –
19–50+ years 4.7 6.7 8.7 17 8 45 9.2–27.4

Females
11–14 years 8.0 11.4 14.81 – – 9.3–28.05b/21.8–65.46b

14–18 years – – – 15 45 –
15–50+ years 8.0 11.4 14.81 17 – – –
19–50 years – – – 18 45 19.6–58.8
50+ years 4.7 6.7 8.7 8 45 9.1–27.4
Pregnancy * * * 27 45 NS
Lactation * * * 93 45 10.0–30.0
Post-menopause 8
Pre-menopause 18

* No increment.
a 7–9 years. b 10–14 years.
1 Insufficient level for women who have high menstrual losses who may need iron supplements. 2 Adequate Intakes (AIs).
3 aged < 18 years, 10 mg daily. 4 Requirement depends on iron bioavailability of the diet. 5 Pre-menarche. 6 Post-menarche.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Possible uses

Requirements may be increased and/or supple-
ments needed in:

� infants and children from the age of 6 months
to 4 years;

� early adolescence;
� the female reproductive period;

� pregnancy; and
� vegetarians.

Precautions/contraindications

Iron supplements should be avoided in
conditions associated with iron overload (e.g.
haemochromatosis, haemosiderosis, thalas-
saemia); gastrointestinal disease, particularly



182 Iron

Table 2 Dietary sources of iron

Food portion
Iron content
(mg) Food portion

Iron content
(mg)

Breakfast cereals Liver, lambs, cooked (90 g) 9
1 bowl All-Bran (45 g) 5 Kidney, lambs, cooked (75 g) 9
1 bowl Bran Flakes (45 g) 9 Fish
1 bowl Corn Flakes (30 g) 2 Cockles (80 g) 21
1 bowl muesli (95 g) 5 Mussels (80 g) 6
2 pieces Shredded Wheat 2 Pilchards, canned (105 g) 2.8
1 bowl Special K (35 g) 4 Sardines, canned (70 g) 3
1 bowl Start (30 g) 5 Vegetables
1 bowl Sultana Bran (35 g) 5 Green vegetables, average, boiled

(100 g)
1.5

2 Weetabix 3 Potatoes, boiled (150 g) 0.5
Cereal products 1 small can baked beans (200 g) 3
Bread, brown, 2 slices 1.5 Lentils, kidney beans or other pulses

(105 g)
2

white1, 2 slices 1 Dahl, chickpea (155 g) 5
wholemeal, 2 slices 2 lentil (155 g) 2.5

1 chapati 1.5 Soya beans, cooked (100 g) 3
1 naan bread 3.5 Fruit
Pasta, brown, boiled (150 g) 2.0 8 dried apricots 2

white, boiled (150 g) 1.0 4 figs 2.5
Rice, brown, boiled (165 g) 0.7 1/2 an avocado pear 1.5

white, boiled (165 g) 0.3 Blackberries (100 g) 1
Dairy products Blackcurrants (100 g) 1
1 egg, size 2 (60 g) 1 Nuts
Meat 20 almonds 1
Red meat, roast (85 g) 2.5 10 Brazil nuts 1
1 beef steak (155 g) 5.4 1 small bag peanuts (25 g) 0.5
Minced beef, lean, stewed

(100 g)
3 Milk chocolate (100 g) 1.6

1 chicken leg (190 g) 1 Plain chocolate (100 g) 2.4

White bread is supplemented with additional iron in the UK.

Excellent sources (bold); good sources (italics).

inflammatory bowel disease, intestinal stricture,
diverticulitis and peptic ulcer.

Pregnancy and breast-feeding

The Reference Nutrient Intake for iron during
pregnancy is no greater than for other adult
women. Requirements during pregnancy are
partly offset by lack of menstruation and partly
by increased efficiency of absorption. Routine
iron supplementation is not required in preg-
nancy, but iron status should be monitored.

Adverse effects

Iron supplements may cause gastrointestinal
irritation, nausea and constipation, which may
lead to faecal impaction, particularly in the
elderly. Patients with inflammatory bowel dis-
ease may suffer exacerbation of diarrhoea. Any
reduced incidence of side-effects associated with
modified-release preparations may be due to the
fact that only small amounts of iron are released
in the intestine. Liquid iron preparations may
stain the teeth.
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Table 3 Iron content of commonly used iron
supplements

Iron salt Iron(mg/g) Iron(%)

Ferrous fumarate 330 33
Ferrous gluconate 120 12
Ferrous glycine sulphate 180 18
Ferrous orotate 150 15
Ferrous succinate 350 35
Ferrous sulphate 200 20
Ferrous sulphate, dried 300 30
Iron amino acid chelate 100 10

Interactions

Drugs
Antacids: reduced absorption of iron; give 2 h
apart.
Bisphosphonates: reduced absorption of bis-
phosphonates; give 2 h apart.
Co-careldopa: reduced plasma levels of carbi-
dopa and levodopa.
Levodopa: absorption of levodopa may be
reduced.
Methyldopa: reduced absorption of methyl-
dopa.
Penicillamine: reduced absorption of penicil-
lamine.
4-Quinolones: absorption of ciprofloxacin,
norfloxacin and ofloxacin reduced by oral iron;
give 2 h apart.
Tetracyclines: reduced absorption of iron and
vice versa; give 2 h apart.
Trientine: reduced absorption of iron; give 2 h
apart.

Nutrients
Calcium: calcium carbonate or calcium phos-
phate may reduce absorption of iron; give
2 h apart (absorption of iron in multiple for-
mulations containing iron and calcium is not
significantly altered).
Copper: large doses of iron may reduce copper
status and vice versa.
Manganese: reduced absorption of manganese.
Vitamin E: large doses of iron may increase
requirement for vitamin E; vitamin E may
impair haematological response to iron in
patients with iron-deficiency anaemia.
Zinc: reduced absorption of iron and vice versa.

Dose

Iron is best taken on an empty stomach, but
food reduces the possibility of stomach upsets;
oral liquid preparations should be well diluted
with water or fruit juice and drunk through a
straw.

As a dietary supplement, 10–17 mg daily.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of iron for adults from supplements alone of
17 mg daily.

Note: doses are given in terms of elemental
iron; patients should be advised that iron sup-
plements are not identical and provide different
amounts of elemental iron; iron content of vari-
ous iron salts commonly used in supplements is
shown in Table 3.



Isoflavones

Description

Isoflavones belong to the class of compounds
known as flavonoids, and they are found prin-
cipally in soya beans and products made from
them, including soya flour, soya milk, tempeh
and tofu. They are present in varying amounts
depending on the type of soya product and how
it is processed. Isoflavones are also found in
dietary supplements.

Constituents

The principal isoflavones in the soya bean are
genistein, daidzein and glycetin, which are
present mainly as glycosides. After ingestion,
the glycosides are hydrolysed in the large
intestine by the action of bacteria to release
genistein, daidzein and glycetin. Daidzein
can be metabolised by the bacteria in the
large intestine to form either equol, which is
oestrogenic, or O-desmethylangolensin, which
is non-oestrogenic, while genistein is
metabolised to the non-oestrogenic P-ethyl
phenol. Variation in the ability to metabolise
daidzein could therefore have an influence on
the health effects of isoflavones.

Action

Isoflavones are naturally-occurring weak
oestrogens, also known as phyto-oestrogens,
which are capable of binding to oestrogen
receptors where, depending on the hormonal
status of the individual, they may seem to exert
either oestrogenic or anti-oestrogenic effects.
Pre-menopausally, isoflavones may therefore
be anti-oestrogenic, while post-menopausally

they could act oestrogenically, although further
research is required to confirm this concept.

There are two types of oestrogen recep-
tors – alpha and beta – and different tissues
appear to have different ratios of each type.
Thus, alpha-receptors appear to predominate in
breast, uterus and ovary, while beta-receptors
appear to predominate in prostate, bone and
vascular tissue. Phyto-oestrogens, although less
potent than endogenous or synthetic oestrogens,
have been shown to bind to beta-oestrogen
receptors, raising the possibility that phyto-
oestrogens could produce beneficial effects on,
for example, bone and vascular tissue, without
causing adverse effects on the breast and ovary.

In addition to these hormonal effects, animal
and in vitro evidence indicates that isoflavones
arrest growth of cancer cells through inhibition
of DNA replication, interference of signal trans-
duction pathways and reduction in the activity
of various enzymes. Isoflavones also exhibit
antioxidant effects, suppress angiogenesis and
inhibit the actions of various growth factors and
cytokines.1

Possible uses

Isoflavones have been investigated for a
potential role in CVD, cancer, osteoporosis and
menopausal symptoms.

Cardiovascular disease

Soya protein
Products containing soya protein have been
shown to reduce both total and LDL cholesterol
in some – but not all – studies in animals
and humans with raised cholesterol levels. The
mechanisms by which soya foods could reduce
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cholesterol are being investigated, but may
include enhancement of bile acid secretion and
reduced cholesterol metabolism. Other mecha-
nisms, independent of cholesterol lowering, by
which soya could be cardioprotective, include
reduction of platelet aggregation and clot for-
mation, and inhibition of atherosclerosis by an
antioxidant effect and by inhibiting cell adhe-
sion and proliferation in the arteries.2 However,
further studies are required to confirm these
possibilities.

In addition, the question of which con-
stituents of soya are actually responsible for
lipid lowering is under discussion, and it is
not certain that isoflavones are the components
responsible for any beneficial effect. Animal
studies specifically comparing the effects of
isoflavone-rich soya with isoflavone-free soya
on a range of blood lipids have produced
conflicting results.

A meta-analysis of 38 controlled clinical
trials looking at the effects of soya protein on
serum lipid levels in humans showed that there
was a statistically significant association be-
tween soya protein intake and improvement in
serum lipid levels.3 Of the 38 trials, 34 reported
a reduction in serum cholesterol, and overall
there was a 9.3% decrease in total cholesterol, a
12.9% decrease in LDL cholesterol and a 10.5%
decrease in triacylglycerols. HDL cholesterol
increased, but this change was not significant.

A double-blind, randomised 6-month trial
involving 66 post-menopausal women with
hypercholesterolaemia found that compared to
control, soya protein providing either 56 or
90 mg isoflavones significantly reduced non-
HDL cholesterol and raised HDL cholesterol,
with no change in total cholesterol.4

The effects of consuming a soya protein
beverage powder compared with a casein sup-
plement were evaluated in 20 male subjects
randomly allocated to the two groups.5 There
were no significant differences in plasma total
and HDL cholesterol or in platelet aggregation
between the groups, possibly because the men
were normocholesterolaemic at entry into the
study.

In a further study, soya protein was found to
enhance the effect of a low-fat, low-cholesterol
diet by reducing serum LDL cholesterol and
increasing the ratio of LDL cholesterol to HDL

cholesterol in men with both normal and high
serum lipid levels.6

In a double-blind, placebo-controlled trial
involving 156 healthy men and women, soya
protein providing 62 mg isoflavones was asso-
ciated with a significant reduction in total and
LDL cholesterol compared with isoflavone-free
soya protein (the placebo).7 Moreover, soya
protein providing 37 mg isoflavones was also
associated with a decrease in total and LDL
cholesterol, but the reduction was significant
only in those subjects with a baseline LDL
exceeding 4.24 mmol/L. There was no effect
on HDL levels or triacylglycerols. Soya protein
providing a lower dose of isoflavones (27 mg
daily) had no effect on any of the measured
indices. In subjects with baseline LDL levels
between 3.62 and 4.24 mmol/L there was no
significant effect of any dose of isoflavones.

A further study, involving 81 men with
moderate hypercholesterolaemia (total serum
cholesterol 5.7–7.7 mmol/L) found that
soya protein (20 g daily, providing 37.5 mg
isoflavones) reduced non-HDL cholesterol
by 2.6% and total cholesterol by 1.8% after
6 weeks.8 Another trial involving healthy
young men compared the effects of milk
protein isolate, low isoflavone soya protein
isolate (1.64 ± 0.19 mg aglycone isoflavones
daily) and high isoflavone soya protein isolate
(61.7 ± 7.4 mg aglycone isoflavones daily) on
lipid levels. The differences produced by the
three treatments were not significant, but the
ratios of total to HDL cholesterol, LDL to
HDL cholesterol and apo B to apo A-1 were
significantly lower with both the soya protein
treatments than with the milk protein isolate.9

A study in 13 pre-menopausal women with
normal serum cholesterol levels found that
total cholesterol, HDL cholesterol and LDL
cholesterol levels changed significantly across
menstrual cycle phases. During specific phases
of the cycle, soya protein providing 128.7 mg
isoflavones significantly lowered LDL choles-
terol by 7.6–10.0%, the ratio of total to HDL
cholesterol by 10.2% and the ratio of LDL to
HDL cholesterol by 13.8%. Despite the high
intake of isoflavones, the changes in lipid
concentrations were small, but the authors
concluded that over a lifetime the small
effects observed could slow the development of
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atherosclerosis and reduce the risk of CHD in
women with normal cholesterol levels.10

A preliminary study in six subjects inves-
tigated the effect of soya (providing genistein
12 mg and daidzein 7 mg) daily for 2 weeks
on resistance of LDL to oxidation, because it
appears that LDL has to be oxidised before
it can damage the arteries. The results from
this small study indicated that isoflavones could
offer protection against LDL oxidation.11

A randomised crossover study in 24 subjects
compared a soya-enriched diet that was pro-
viding 1.9 or 66 mg of isoflavones daily. The
aim was to investigate the effects of the diets on
biomarkers of lipid peroxidation and resistance
of LDL to oxidation, because oxidative damage
to lipids may be involved in the aetiology
of atherosclerosis and CVD. The diet high
in isoflavones reduced lipid peroxidation and
increased the resistance of LDL to oxidation.12

Isoflavone supplements
Studies giving isoflavones in tablet form have
yielded less positive results than those using soya
protein. Forty-six men and 13 post-menopausal
women not taking HRT, all with average serum
cholesterol levels, participated in an 8-week
randomised, double-blind, placebo-controlled
trial of two-way parallel design. One tablet
containing 55 mg isoflavones (predominantly
in the form of genistein) or placebo was
taken daily. Post-intervention, there were no
significant differences in total, LDL and HDL
cholesterol and lipoprotein(a).13

Another trial, this time in 14 pre-menopausal
women, found that a supplement providing
86 mg daily for 2 months produced no change
compared with placebo in plasma concentra-
tions of total cholesterol and triacylglycerol,
nor in the oxidisability of LDL.14 A further
study in 20 healthy post-menopausal women
(50–70 years old) with evidence of endothelial
dysfunction, found that a soya bean tablet
providing 80 mg of isoflavones daily for 8 weeks
produced no significant effects on plasma lipids
compared to placebo.15

The effects of dietary isoflavone supple-
mentation using a purified red clover supple-
ment (containing approximately biochanin A
26 mg, formononetin 16 mg, daidzein 0.5 mg
and genistein 1 mg per tablet) at doses of one

to two tablets daily were compared to placebo
in a three-period, randomised, double-blind,
ascending-dose study in 66 post-menopausal
women with moderately elevated plasma choles-
terol levels (5.0–9.0 mmol/L).16 Each of the
three treatment periods lasted for 4 weeks.
The dietary supplement did not significantly
alter plasma total cholesterol, LDL or HDL
cholesterol, or plasma triglycerides. Further
trials with red clover have also shown that this
preparation has no effect on blood lipids.17,18

However, at least one trial has shown that red
clover may favourably influence blood pressure
and endothelial function in post-menopausal
women with type 2 diabetes.19

Recent trials have looked at other cardio-
vascular risk factors besides lipids that soya
isoflavones might influence. Results to date have
not been promising. Isoflavones were found to
have no significant effect on reducing oxida-
tive damage.20,21 Studies looking at effects of
isoflavones on vascular function have been con-
flicting, some showing improved function,22,23

while others showed no effect.24 One trial
in healthy post-menopausal women suggested
a positive influence of soya isoflavones on
endothelial function, as evidenced by improve-
ment in endothelium-dependent vasodilatation
and a reduction in plasma adhesion molecule
levels.25 Another trial in post-menopausal
women suggested that isoflavones could have
beneficial effects on C-reactive protein concen-
trations, but not on other inflammatory mark-
ers of cardiovascular risk in post-menopausal
women. This study also assessed whether there
were any differences in response according to
equol production, but there were not.26

A study looking at the effect of a specific
isoflavone – genistein – suggested that genistein
may have a favourable effect on some cardiovas-
cular markers, including fasting glucose, fast-
ing insulin, insulin resistance and fibrinogen.27

However, a further trial involving genistein
found that after 6 months’ treatment, genistein
did not modify circulating homocysteine levels
or C-reactive protein.28

Isoflavones have been studied in healthy
young men and found to reduce plasma
homocysteine and to have antioxidant
activity.29 Daily intake of soya isoflavones
(80 mg) in high-risk, middle-aged men has
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been found to reduce blood pressure, total
cholesterol and non-HDL cholesterol, while
raising HDL cholesterol.30

Meta-analyses and systematic reviews
Several systematic reviews and meta-analyses
evaluating the effect of soya/isoflavones on
lipids and cardiovascular risk factors have now
been conducted. A 2003 meta-analysis of 10
studies, which included 21 treatments in total,
found that soya-associated isoflavones were not
related to changes in LDL or HDL cholesterol.31

A 2004 meta-analysis of eight RCTs found
that under conditions of identical soya protein
intake, high isoflavone intake led to signifi-
cantly greater decreases in serum LDL choles-
terol than low isoflavone intake, demonstrating
that isoflavones have LDL cholesterol-lowering
effects independent of soya protein.32

A 2005 meta-analysis of 23 RCTs published
from 1995 to 2002 found that soya protein
with isoflavones intact was associated with
significant decreases in serum total cholesterol,
LDL cholesterol and triacylglycerols and signif-
icant increases in serum HDL cholesterol. The
reductions in total and LDL cholesterol were
larger in men than in women. Initial total choles-
terol concentrations had a powerful effect on
changes in total and HDL cholesterol, especially
in subjects with hypercholesterolaemia. The
strongest lowering effects on total cholesterol,
LDL cholesterol and triacylglycerol occurred
within the short initial period of intervention,
while increases in HDL cholesterol were only
observed in studies lasting longer than 12 weeks.
However, tablets containing extracted soya
isoflavones did not have a significant effect on
total cholesterol reduction.33

The American Heart Association Science
Advisory assessed the more recent work on soya
protein and isoflavones. In the majority of 22
randomised trials, isolated soya protein with
isoflavones (as compared with other proteins)
decreased LDL cholesterol concentrations, but
the reduction of approximately 3% was very
small relative to the large amount of soya
protein consumed (averaging 50 g, about half
the usual total daily protein intake). No signifi-
cant effects on HDL cholesterol, triglycerides or
blood pressure were evident. Among 19 studies

of soya isoflavones, the average effect on LDL
cholesterol and other lipid risk factors was nil.34

A further critical analysis of investigations
into the effect of soya protein and isoflavones
on plasma lipoproteins concluded that the data
are not quantitatively impressive and raise sub-
stantial questions about the clinical importance
of the hypocholesterolaemic effects observed.35

Cancer
Epidemiological studies have shown that popu-
lations with high intakes of soya foods – such
as in China, Japan and other Asian countries –
usually have a lower risk of cancers of the breast,
uterus, prostate and colon.36,37 Epidemiological
evidence from the USA suggests that dietary
phyto-oestrogens (of which isoflavones are one
type) are associated with a decreased risk of lung
cancer.38 Experimental evidence from in vitro
and animal studies on the effects of isoflavones
on cancerous cells39–41 has led to the suggestion
that isoflavones could reduce the risk of cancer
in humans.

Substantial reduction in risk of breast cancer
has been reported among women with high
intakes of phyto-oestrogens (as evidenced from
urinary excretion).42 Lower urinary daidzein
and genistein concentrations were found in
post-menopausal women with recently diag-
nosed breast cancer compared with controls.43

Isoflavones appear to protect against cancer
by influences on growth factor, malignant cell
proliferation and cell differentiation. A more
recent study found no evidence that isoflavone
treatment reduces colorectal epithelial cell pro-
liferation or the average height of proliferating
cells in the caecum, sigmoid colon or rectum,
and that it increases cell-proliferating measures
in the sigmoid colon.44 Another study found no
evidence that isoflavones alter the concentration
of serum prostate-specific antigen (PSA).45 The
American Heart Association Science Advisory
has concluded that the efficacy and safety
of soya isoflavones for preventing or treating
cancer of the breast, endometrium and prostate
are not established.34

Osteoporosis
There is some evidence from animal studies
that soya isoflavones preserve BMD.46,47 A
preliminary study in 66 hypercholesterolaemic,
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post-menopausal women supplemented with
soya protein (providing either 1.39 or 2.2 mg
isoflavones/g protein) or placebo for 6 months
showed that the higher dose of isoflavones was
associated with a significant increase in BMD
at the lumbar spine site.48 The lower dose
was not associated with any change in BMD.
HDL cholesterol (the beneficial type) increased
significantly with both soya treatments.

A later study examined the effects of 24-
week consumption of soya protein isolate with
isoflavones (80.4 mg daily) on bone loss in peri-
menopausal women.49 The randomised double-
blind study showed that soya isoflavones atten-
uated the reduction in lumbar spine BMD and
bone mineral content, both of which occurred
in the control group.

More recent studies evaluating the effect
of isoflavones on bone have continued to
show mixed results. One 3-month trial in 22
post-menopausal women found that isoflavones
(61.8 mg daily) could slow down bone turnover
as judged by decreased urinary pyridinoline
excretion.50 A further trial in 58 menopausal
Japanese women found that isoflavones (40 mg
daily) for 8 weeks produced a significant
decrease in urinary deoxypyridoline and may
therefore have a beneficial effect on bone
resorption.51 A trial in 203 Chinese women
(aged 48–62 years) found that isoflavones have
a mild, but significant, effect on maintenance
of hip bone mineral content. This effect was
more marked in women in later menopause or
those with lower body weight or lower calcium
intake.52,53 A 1-year supplementation study in
post-menopausal Taiwanese women found that
isoflavones 100 mg daily were associated with
a protective effect on oestrogen-related bone
loss and the BMD of lumbar vertebrae 1–3
was increased.54 Other trials have shown no
significant effect of isoflavones on bone turnover
markers55 or calcium retention,56 while another
trial showed that isoflavones do not appear to
have oestrogenic effects on markers of bone
resporption.57

Studies conducted with ipriflavone, a syn-
thetic isoflavone available as a dietary supple-
ment, have found that ipriflavone reduced bone
loss in post-menopausal women.58–61 How-
ever, a large multicentre RCT in 472 post-
menopausal women (aged 45–75 years) found

that ipriflavone does not prevent bone loss or
affect biochemical markers of bone metabolism.
In addition, in this study, ipriflavone was found
to induce lymphocytopenia in a significant
number of women.62

Menopausal symptoms
Reduction of oestrogen production in middle-
aged women is associated with symptoms of the
menopause, such as hot flushes, vaginal dryness
and atrophic vaginitis, and is also thought
to contribute to the increased risk of CHD
and osteoporosis. The main symptoms of the
menopause were thought to occur universally,
but women in some countries, such as Japan,
appear to experience symptoms such as hot
flushes less frequently than women in Western
countries,63 yet far fewer Japanese women use
HRT post-menopausally.64

Several preliminary studies on the effects
of administration of soya isoflavones on
menopausal symptoms indicated possible ben-
efit. One study involved 58 post-menopausal
women with at least 14 hot flushes a week.65

They received either 45 g soya flour or wheat
flour each day as a supplement to their regular
diet over 12 weeks in a randomised double-
blind design. Hot flushes decreased in both
groups (45% in the soya group and 25% in
the controls), with a rapid response in the
soya group at 6 weeks. Menopausal symptoms
also decreased significantly in both groups. The
authors concluded that the lack of difference
between the two groups could be due either to a
strong placebo effect or a decline in symptoms
with time.

Another study provides more persuasive
evidence. One hundred and forty-five post-
menopausal women were randomised to receive
either three servings of soya foods daily or
control for 12 weeks.66 Menopausal symptom
scores, hot flushes and vaginal dryness
decreased by 50, 54 and 60%, respectively, in
women on the soya diet. These three parameters
also fell in the control group, but only the
reduction in menopausal symptom score was
significant.

More recently, a double-blind placebo-
controlled study involved 104 post-menopausal
women who were randomised to receive
60 g soya protein isolate containing 76 mg
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isoflavones, or a control.67 In comparison
with placebo, subjects on the soya supplement
reported a statistically lower mean number of
flushes per 24 h after 4, 8 and 12 weeks. By week
three, the treated group experienced a 26%
reduction in the mean number of hot flushes,
a 33% reduction by week 4, and by week 12
a 45% reduction, compared with 30% in the
control group.

A study in 241 women reporting vaso-
motor symptoms suggested that soya protein
containing 42 or 58 mg of isoflavones is no
more effective than isoflavone-extracted soya
protein for improving the number and severity
of vasomotor symptoms in peri- and post-
menopausal women.68 In another study, which
evaluated the effects of a supplement contain-
ing both soya isoflavones and black cohosh,
there was no statistically significant effect on
climacteric effects compared with placebo in
peri-menopausal women experiencing at least
five vasomotor symptoms per day.69 A 6-month
study in 79 post-menopausal women comparing
a soya extract providing 120 mg isoflavones
with 0.625 mg conjugated equine oestrogens
and placebo found that there was a decrease in
symptoms in both treatment groups and that the
effects of soya with isoflavones was similar to
that of oestrogen. However, soya isoflavone had
no effect on endometrium and vaginal mucosa
during the treatment.70

Red clover (another source of isoflavones)
has also been investigated for an effect on
menopausal symptoms. An RCT in 252 women
aged 45–60 years compared two red clover
supplements (Promensil and Rimostil, providing
82 and 57 mg isoflavones, respectively) with
placebo. The reductions in mean hot flush count
at 12 weeks were similar for Promensil (5.1),
Rimostil (5.4) and placebo (5.0). In comparison
with the placebo group, participants in the
Promensil group, but not in the Rimostil group,
reduced hot flushes more rapidly. Quality of
life improvements and adverse events were
comparable in the three groups. The authors
concluded that neither supplement had a clin-
ically important effect on hot flushes or other
symptoms of menopause.71 Another trial in
60 post-menopausal women found that a red
clover supplement (80 mg isoflavones) signif-
icantly decreased menopausal symptoms and

had a positive effect on vaginal cytology and
triglyceride levels.72

Studies evaluating the effect of genistein have
found that this compound can have a beneficial
effect on menopausal hot flushes.73,74

Systematic reviews have considered the
effects of soya and red clover isoflavones
on menopausal symptoms. A UK systematic
review including 10 RCTs that investigated the
value of soya preparations for peri-menopausal
symptoms found that the results were not
conclusive. Four of the trials were positive,
but six were negative, with one of these six
showing a positive trend. The conclusions were
that there is some evidence of benefit for soya
preparations in peri-menopausal symptoms, but
the heterogeneity of the studies performed to
date means it is difficult to make a definitive
statement.75 A US systematic review identified
25 trials involving 2348 participants; the re-
searchers concluded that the available evidence
suggests that phyto-oestrogens available as soya
foods, soya extracts and red clover extracts do
not improve hot flushes or other menopausal
symptoms.76 Evidence from a further system-
atic review and meta-analysis suggests that
frequency of hot flushes is not reduced by
red clover isoflavone extracts and results were
mixed for soya isoflavone extracts.77

Cognitive function
Isoflavones have been evaluated for effects on
cognitive function. Results to date have been
inconsistent. In a 6-month, double-blind RCT
involving 53 women (aged 55–74 years), women
taking the isoflavone supplement (110 mg)
did consistently better compared with their
own baseline scores and placebo responses at
6 months. Isoflavone supplementation had a
favourable effect on cognitive function, particu-
larly veral memory, in these post-menopausal
women.78 In a further 6-month trial in 30
women aged over 60, a red clover isoflavone
supplement did not appear to have major
cognitive effects.79 A Dutch trial in 202 healthy
post-menopausal women aged 60–65 years
found that cognitive function and also BMD
and plasma lipids did not differ significantly
between the isoflavone and placebo groups
after a year.80
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Miscellaneous
Other symptoms and conditions have been
a recent focus of trials involving isoflavones.
Isoflavones have been found to have no effect
on quality of life (health status, life satisfaction,
depression) in elderly post-menopausal
women.81 Another study suggested that
isoflavones do not have beneficial effects on
body composition and physical performance
in post-menopausal women.82 A further
trial found that soya isoflavones (100 mg)
and 0.625 mg conjugated oestrogen equally
lower fasting glucose and insulin levels in
post-menopausal women.83 Another study
showed that soya isoflavones may have the
potential to reduce specific premenstrual
symptoms (e.g. headache, breast tenderness,
cramps, swelling).84

Conclusion
The effects of isoflavones have been studied
in many clinical trials. The scientific literature
is conflicting because of inconsistencies in
populations studied, lack of appropriate
control groups, selection of end points and
types of study. There are some data to
suggest that isoflavones have beneficial
physiological effects, but the clinical impli-
cations of these effects are unclear. The
consumption of whole soya bean foods and
soya bean protein isolates has beneficial
effects on lipid markers of cardiovascular
risk. The consumption of isolated isoflavones
does not appear to have a significant effect
on blood lipids or blood pressure, although
it may improve endothelial function. For
menopausal symptoms there is some evi-
dence that soya bean protein isolates, soya
foods or red clover extracts are effective,
but soya bean isoflavone extracts may be
effective in reducing hot flushes. There is a
suggestion, but no conclusive evidence, that
isoflavones may have a beneficial effect on
bone health. There are too few RCTs to reach
conclusions on the effects of isoflavones on
breast cancer, colon cancer, diabetes or
cognitive function.85

Precautions/contraindications

Use with caution in individuals at risk of
hormone-dependent cancers.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of isoflavones in pregnancy and breast-
feeding. Because of their hormonal effects,
isoflavones are probably best avoided.

Adverse effects

Soya foods have been consumed in Asian cul-
tures for centuries. However, studies are needed
to assess the long-term safety of supplemental
soya protein isolates or isoflavone supplements.
In addition, isoflavones are oestrogenic – albeit
weakly so – and there is some evidence that
they may stimulate cancer cell proliferation
in women with breast cancer.86 In a study
in healthy women, soya isoflavones did not
increase mammographic breast density.87 Until
more is known about these compounds, women
with breast cancer should consult their doctors
before taking isoflavones.

Interactions

None reported.

Dose

Supplements
Isoflavones are available in the form of tablets
and capsules.

The dose is not established. Dietary sup-
plements containing mixed isoflavones provide
50–100 mg in a dose.

Health claims
In 2002, the UK Joint Health Claims Initiative
(JHCI: www.jhci.org.uk) proposed a generic
health claim for soya protein that may be
included on the labels of appropriate foods as
follows: “The inclusion of at least 25 g soya
protein per day as part of a diet low in saturated
fat can help reduce blood cholesterol.”
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In 1999, the US Food and Drug Administra-
tion (FDA: www.fda.gov) approved a similar
claim: “Diets low in saturated fat and choles-
terol that include 25 g of soy protein a day may
reduce the risk of heart disease. One serving
of [name of food] provides grams of soy
protein.”
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Kelp

Description

Kelp is a long-stemmed seaweed, derived from
various species (e.g. Fucus, Laminaria) of brown
algae, known as a preparation of dried seaweed
of various species.

Constituents

Kelp is a source of several minerals and trace
elements, especially iodine.

Possible uses

Kelp is claimed to be a slimming aid (some
herbal products containing kelp are licensed in
the UK for this purpose). Its main use is as a
source of iodine.

Precautions/contraindications

Kelp should be avoided in patients with thyroid
disease, unless recommended by a doctor. It may
be contaminated with toxic trace elements (e.g.
antimony, arsenic, lead, strontium).

Pregnancy and breast-feeding

Avoid (because of contaminants – see Precau-
tions).

Adverse effects

A few case reports have linked hyperthyroidism
to kelp ingestion.1–5 Hypothyroidism may also
be more prevalent in people who consume
excess amounts of iodine in the form of kelp.6

A US guideline on detection of thyroid dys-
function notes that patients who ingest iodine
compounds (e.g. kelp) are at increased risk of

developing thyroid dysfunction.7 Nausea and
diarrhoea have been reported occasionally.

Interactions

See Iodine monograph.

Dose

Kelp is available in the form of capsules, tablets,
powder and liquid.

The dose is not established. Dietary supple-
ments contain 200–500 mg kelp. The iodine
content is variable and not always quoted on
the label.
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Lecithin

Description

Lecithin is a phospholipid and is known as
phosphatidylcholine.

Constituents

Lecithin is composed of phosphatidyl esters,
mainly phosphatidylcholine, phosphatidyletha-
nolamine,phosphatidylserineandphosphatidyl-
inositol. It also contains varying amounts
of other substances such as fatty acids,
triglycerides and carbohydrates. One teaspoon
(3.5 g) lecithin granules provides on average:
energy 117 kJ (28 kcal), phosphatidyl choline
750 mg, phosphatidyl inositol 500 mg, choline
100 mg, inositol 100 mg, phosphorus 110 mg.

Human requirements

Lecithin is not an essential component of the
diet. It is synthesised from choline.

Action

Lecithin is a source of choline (see Choline)
and inositol. It is an essential component of cell
membranes and a precursor to acetylcholine.

Dietary sources

Soya beans, peanuts, liver, meat, eggs.

Metabolism

About 50% of ingested lecithin enters the
thoracic duct intact. The rest is degraded to
glycerophosphorylcholine in the intestine, and
then to choline in the liver. Plasma choline levels
reflect lecithin intake.

Deficiency

Not established.

Possible uses

Lecithin is claimed to be beneficial in the treat-
ment of disease related to impaired cholinergic
function (see Choline). It has also been claimed
to be of benefit in lowering serum cholesterol
levels and improving memory. It is sometimes
taken for dementia and Alzheimer’s disease.

Cholesterol
An open clinical trial in the 1970s showed
that oral lecithin in large doses (20–30 g daily)
led to a significant reduction in cholesterol
concentration in one out of the three healthy
subjects studied and three out of the seven
people with hypercholesterolaemia.1

However, in a double-blind study, 20 hyper-
lipidaemic men were randomised to receive
frozen yoghurt, frozen yoghurt with 20 g soya
bean lecithin or frozen yoghurt with 17 g sun-
flower oil. Sunflower oil was used to control
for the increased intake in energy and linoleic
acid from the lecithin. Lecithin treatment had
no independent effect on serum lipoprotein or
plasma fibrinogen levels in this group of men.2

A review of 24 papers examining the effect of
consuming lecithin on serum cholesterol raised
concern about the small size and lack of control
groups in many of the studies. The authors
concluded that there was no evidence for a
specific effect of lecithin on serum cholesterol
independent of its linoleic acid content or
secondary changes in food intake. The observed
lecithin-induced hypocholesterolaemic effects in
the studies were artefacts caused by the manner
and design of the data analysis, were mediated
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by dietary changes or were due to the linoleic
acid present in lecithin.3

Alzheimer’s disease
A double-blind, placebo-controlled crossover
study in 11 outpatients with Alzheimer’s disease
found that lecithin 10 g three times a day for
3 months was associated with an improvement
in tests of learning ability, but there was no
improvement in any of the psychological tests
used.4

Two further double-blind studies (one in
patients with Alzheimer’s disease,5 one in
normal adults6) showed no effect of lecithin on
memory.

Another double-blind RCT in 53 subjects
with probable Alzheimer’s disease involved the
use of lecithin and tacrine or lecithin and
placebo for 36 weeks. No clinically relevant
improvement was found in any of the groups
over 36 weeks.7

A Cochrane review investigating the efficacy
of lecithin in the treatment of dementia or
cognitive impairment found 12 RCTs involving
patients with Alzheimer’s disease (265 patients),
Parkinsonian dementia (21 patients) and sub-
jective memory problems (90 patients). No
trials reported any clear benefit of Alzheimer’s
disease or Parkinsonian dementia. A dramatic
result in favour of lecithin was obtained in
a trial of subjects with subjective memory
problems. The authors concluded that evidence
from randomised trials does not support the
use of lecithin in the treatment of dementia.
A moderate effect could not be ruled out, but
they concluded that results from the small trials
to date do not indicate priority for a large
randomised trial.8

Conclusion
Controlled clinical trials have provided no
evidence that lecithin lowers cholesterol or
helps to improve memory in patients with
Alzheimer’s disease. Claims for the value
of lecithin in lowering blood pressure and
also in hepatitis, gallstones, psoriasis and
eczema are unsubstantiated. Further trials
are needed to assess the role of lecithin.

Precautions/contraindications

None known.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of lecithin (in amounts greater than
those found in foods) in pregnancy and breast-
feeding.

Adverse effects

None reported.

Interactions

None reported.

Dose

Lecithin is available in the form of tablets,
capsules and powder. Lecithin supplements pro-
vide between 20 and 90% phosphatidylcholine
(depending on the product).

The dose is not established. On current
evidence, lecithin is unlikely to be useful. Prod-
uct manufacturers recommend 1200–2400 mg
daily.
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Magnesium

Description

Magnesium is an essential mineral. It is the
second most abundant intracellular cation in the
body.

Human requirements

See Table 1 for Dietary Reference Values for
magnesium.

Dietary intake

In the UK, the average diet provides: for males,
336 mg daily; for females, 250 mg daily.

Action

Magnesium is an essential cofactor for
enzymes requiring ATP (these are involved in
glycolysis, fatty acid oxidation and amino acid
metabolism). It is also required for the synthesis
of RNA and replication of DNA; neuromuscu-
lar transmission; and calcium metabolism.

Dietary sources

See Table 2 for dietary sources of magnesium.

Metabolism

Absorption
Absorption of magnesium occurs principally
in the jejunum and ileum by active carrier-
mediated processes (partly dependent on
vitamin D and parathyroid hormone) and by
diffusion.

Distribution
Magnesium is widely distributed in the soft
tissues and skeleton.

Elimination
Excretion is largely via the urine (magne-
sium homeostasis is controlled mainly by the
kidneys), with unabsorbed and endogenously
secreted magnesium in the faeces. Small
amounts are excreted in saliva and breast milk.

Bioavailability

Bioavailability appears to be enhanced by
vitamin D, but is decreased by phytates and
non-starch polysaccharides (dietary fibre).

Deficiency

Signs and symptoms include hypocalcaemia
and hypokalaemia; muscle spasm, tremor and
tetany; personality changes, lethargy and apa-
thy; convulsions, delirium and coma; anorexia,
nausea, vomiting, abdominal pain and paralytic
ileus; cardiac arrhythmias, tachycardia and sud-
den cardiac death.

Possible uses

Magnesium has been investigated for a role in
CVD (including hypertension), diabetes melli-
tus, migraine, osteoporosis and PMS.

Cardiovascular disease
Magnesium deficiency has been associated with
CVD, and some epidemiological data have sug-
gested a reduced mortality from coronary artery
disease in populations living in hard water areas
compared with those living in soft water areas.
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Table 1 Dietary Reference Values for magnesium (mg/day)

EU RDA = 14 mg

Age UK USA
WHO

LNRI EAR RNI EVM RDA TUL RNI

0–3 months 30 40 55 30 – 26–36
4–6 months 40 50 60 30 – 26–36
7–9 months 45 60 75 75 – 54
10–12 months 45 60 80 75 – 54
1–3 years 50 65 85 80 65 60
4–6 years 70 90 120 – – 76
4–8 years – – – 130 110 –
7–10 years 115 150 200 170 – 100a

9–13 years – – – – 240 350 –

Males
11–14 years 180 230 280 – – 230b

14–18 years – – – 410 350 230
15–18 years 190 250 280 – – –
19–50+ years 190 250 300 300 – – 2601

19–30 years – – – 400 350 –
31–70+ years – – – 420 350 –

Females
11–14 years 180 230 280 – – 220b

14–18 years – – – 360 350 220
15–18 years 190 250 300 310 – –
19–50 years 190 250 300 300 280 – 2602

50+ years 150 200 270 300 280 – –
19–30 years – – – 310 350 –
31–70+ years – – – 320 350 –
Pregnancy * * * 360–400 350 220
Lactation +50 320–360 350 270

* No increment.
a 7–9 years. b 10–14 years.
1 > 65 years = 224 mg. 2 > 65 years = 190 mg.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level.

Other data, however, have indicated no such
association, and a large cohort study1 in which
2512 older men were followed for 10 years also
provided no evidence of a protective role for
magnesium in CHD.

Marginal magnesium status has been
implicated in myocardial infarction, but reduced
serum magnesium levels found in some
myocardial infarct patients may be a result of

the infarction rather than the cause of it. How-
ever, one double-blind placebo-controlled study
in patients with acute myocardial infarction
showed reduced serum triglyceride concentra-
tions and tendencies towards increased HDL
cholesterol concentrations after oral magnesium
supplementation.2

Some controlled studies have suggested
that intravenous magnesium given early after
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Table 2 Dietary sources of magnesium

Food portion Magnesium
content (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 90
1 bowl Bran Flakes (45 g) 50
1 bowl Corn Flakes (30 g) 5
1 bowl muesli (95 g) 90
2 pieces Shredded Wheat 50
2 Weetabix 50
Cereal products
Bread, brown, 2 slices 40

white, 2 slices 15
wholemeal, 2 slices 60

1 chapati 30
Pasta, brown, boiled (150 g) 60

white, boiled (150 g) 25
Rice, brown, boiled (165 g) 60

white, boiled (165 g) 15
Milk and dairy products
1/2 pint milk, whole, semi-skimmed or

skimmed
35

1 pot yoghurt (150 g) 30
Cheese (50 g) 12
1 egg, size 2 (60 g) 10
Meat and fish
Meat, cooked (100 g) 25
Liver, lambs, cooked (90 g) 20
Kidney, lambs, cooked (75 g) 20
White fish, cooked (150 g) 30
Pilchards, canned (105 g) 40
Sardines, canned (70 g) 35
Shrimps (80 g) 49
Tuna, canned (95 g) 30
Vegetables
Green vegetables, average, boiled

(100g)
20

Potatoes, boiled (150 g) 20
1 small can baked beans (200 g) 60
Lentils, kidney beans or other pulses

(105 g)
50

Fruit
1 banana 35
1 orange 20
Nuts
20 almonds 50
10 Brazil nuts 80
30 hazelnuts 50
30 peanuts 70

Note: Hard drinking water may contribute significantly to intake.

Excellent sources (bold); good sources (italics).

suspected myocardial infarction could reduce
the frequency of serious arrhythmias and mor-
tality. However, magnesium has been given as a
prescription medicine in these cases and not as
a dietary supplement.

A more recent trial in 187 people found
that magnesium 365 mg daily for 6 months
increased exercise duration time compared with
placebo, and decreased exercise-induced chest
pain. Quality of life parameters significantly
improved in the magnesium group. The authors
concluded that these findings suggest that oral
magnesium supplementation for 6 months in
patients with coronary artery disease results in
a significant improvement in exercise tolerance,
exercise-induced chest pain and quality of life,
suggesting a mechanism whereby magnesium
could beneficially alter outcomes in patients
with coronary artery disease.3

Blood pressure
There is some evidence that magnesium
reduces blood pressure.4 A 20 mmol increase in
daily magnesium intake resulted in a diastolic
blood pressure fall of 3.4 mmHg in a trial in
Dutch women.5 A reduction in blood pressure
occurred with a low-sodium, high-potassium,
high-magnesium salt in older patients with mild
to moderate hypertension and suggested that
the increased magnesium intake could have
contributed to the fall in blood pressure.6

However, another study7 showed that
magnesium supplementation did not have an
additive hypotensive effect in mild hypertensive
subjects on a reduced sodium intake.
Another group,8 using a double-blind rando-
mised crossover design, detected no fall in blood
pressure with magnesium supplementation,
despite a significant increase in plasma
magnesium concentration.

More recent double-blind placebo-controlled
trials9,10 have shown no effect of magnesium
supplementation (300–360 mg) on blood pres-
sure in healthy subjects and those with mild to
moderate hypertension.11

A meta-analysis of 20 randomised trials
involving 1220 subjects found that magne-
sium supplementation produced a modest dose-
dependent blood pressure lowering effect.12

For each 250 mg daily increase in magnesium
intake, systolic blood pressure fell by a further
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4.3 mmHg and diastolic blood pressure by
2.3 mmHg.

Diabetes mellitus
Magnesium modulates glucose transport across
cell membranes, and is a cofactor in various
pathways involving enzymatic oxidation.
Individuals with diabetes, especially those with
glycosuria and ketoacidosis, may have
excessive urinary losses of magnesium.13,14

Hypomagnesaemia is common in these patients
and can potentially cause insulin resistance.15

One study has shown that insulin secretory
capacity improved with dietary magnesium
supplementation for 4 weeks.16 The effect
of diabetes on tissue content of magnesium
is variable and cannot always be predicted
from serum magnesium measurements.
Epidemiologically, magnesium deficiency has
been associated with diabetic neuropathy,17

and although there is no evidence to indicate
that magnesium supplementation can alter this
complication, the magnesium status of patients
at risk of magnesium depletion (e.g. those
on thiazides) should be assessed. However,
monitoring is difficult and a dose for patients
with diabetes mellitus has not been established.

In an open trial, 11 patients with type
1 diabetes and persistently low erythrocyte
magnesium levels were given 450 mg magne-
sium following an intravenous loading dose
of magnesium. During intravenous loading,
plasma magnesium decreased and erythrocyte
magnesium increased. Supplementation did not
normalise magnesium status, and there were no
significant changes in glycated haemoglobin or
serum lipid levels. The authors concluded that
chronic magnesium depletion may occur in type
1 diabetes and that it is difficult to replete and
maintain body stores.18

In a double-blind, placebo-controlled trial,
128 Brazilian patients with type 2 diabetes
were randomised to receive 497 mg magnesium,
994 mg magnesium or placebo. At the start of
the study, 47.7% of the patients had low plasma
magnesium and 31.1% had low intramono-
nuclear magnesium levels. Intracellular magne-
sium was significantly lower than in the normal
population and was lower in those with periph-
eral neuropathy than those without. However,

there was no correlation between plasma and
intracellular magnesium and glycaemic con-
trol. In the groups on placebo and lower-dose
magnesium, neither a change in plasma nor
intracellular magnesium occurred and there was
no change in glycaemic control. The higher dose
of magnesium was associated with an increase
in plasma and intracellular magnesium and a
significant fall in fructosamine.19

In a placebo-controlled (not blinded) study,
involving 50 patients with type 2 diabetes,
supplementation with 360 mg magnesium daily
over 3 months increased plasma magnesium and
urinary magnesium excretion, but had no effect
on glycaemic control or lipid concentration.20

More recent trials have shown that oral
magnesium supplementation improves insulin
sensitivity and metabolic control in type 2 dia-
betic patients with decreased serum magnesium
levels,21 and also improves insulin sensitivity
in non-diabetic subjects with decreased magne-
sium levels.22

Premenstrual syndrome
Reduced magnesium levels have been reported
in women affected by PMS. An Italian double-
blind randomised study23 in 32 women showed
that a supplement of 360 mg magnesium daily
improved premenstrual symptoms related to
mood changes. More recently, a randomised,
double-blind, placebo-controlled study24 in 38
women showed no effect of magnesium sup-
plementation (200 mg daily) in the first month,
but symptoms including weight gain, swelling
of extremities, breast tenderness and abdom-
inal bloating, improved during the second
month. A further study25 in 44 women last-
ing 1 month showed that magnesium 200 mg
daily plus vitamin B6 50 mg daily produced a
modest effect on anxiety-related premenstrual
symptoms.

Migraine
There is some evidence that magnesium sup-
plementation is effective in migraine, but
results from studies are equivocal. Thus, oral
magnesium was effective in reducing the fre-
quency of migraine in a 12-week, placebo-
controlled, double-blind study.26 There was
also a reduction in the average duration of
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pain and need for acute medication, although
these changes were not significant. However,
in another similar study, magnesium had no
effect.27 A further trial compared a placebo con-
taining riboflavin 25 mg with a treatment con-
taining riboflavin 400 mg, magnesium 300 mg
and feverfew 100 mg. The placebo response in
this trial was high and there was no difference
between placebo and treatment.28

Osteoporosis
Magnesium is a constituent of bone, and supple-
mentation has been shown to increase bone den-
sity in individuals with osteoporosis. Increased
magnesium intake is associated with a lower
decline in BMD after the menopause.29 Supple-
ments have been shown to decrease markers of
bone turnover in young men,30 but not young
women.31 Bone density increased in patients
with gluten-sensitive enteropathy and associ-
ated osteoporosis,32 and also in menopausal
women33 who were given oral magnesium.

Athletes
Magnesium supplementation has been sug-
gested to improve athletic performance. In
one double-blind, placebo-controlled study,34

magnesium (507 mg versus 246 mg daily) im-
proved muscular strength, and in another sim-
ilar study,35 swimming, running and cycling
performance was improved. However, in a
2-week study,36 athletes taking magnesium
500 mg daily did not demonstrate improved
performance or reduced muscle tiredness.

Cancer
Epidemiological studies have shown an asso-
ciation between magnesium and colon cancer
in women. A prospective cohort study among
61 433 Swedish women aged 40–75 years found
an inverse association of magnesium intake with
colorectal cancer.37 Another prospective cohort
study among 35 196 Iowa women aged 55–
69 years found an inverse association between
magnesium intake and colon cancer, but this
association was largely lacking for rectal
cancer.38

Pregnancy
Many women, particularly those from disad-
vantaged backgrounds, have intakes of mag-

nesium below recommended levels. Magnesium
supplementation has been investigated for pos-
sible benefit in reducing foetal growth retar-
dation and pre-eclampsia, and increasing birth
weight. A Cochrane review found seven trials
involving 2689 women. Six of these trials
randomly allocated women to either oral mag-
nesium or control, while the largest trial with
985 women had a cluster design where ran-
domisation was according to a study centre. The
analysis was conducted with and without this
trial. When all seven trials were included, oral
magnesium from the 25th week of pregnancy
was associated with lower frequency of pre-term
birth, a lower frequency of low birth weight,
fewer small for gestational age infants and fewer
cases of antepartum haemorrhage compared
with placebo. In the analysis excluding the
cluster trial the effects were no different between
treatment and placebo. Only one of the trials
was judged to be of high quality, with the others
likely to have resulted in a bias favouring mag-
nesium supplementation. The review concluded
that there is not enough high-quality evidence
to show that dietary magnesium supplementa-
tion during pregnancy is beneficial.39 A further
review concluded that magnesium, used after
threatened pre-term labour, does not reduce
pre-term birth or improve the outcome for the
infant.40

Conclusion
Epidemiological studies show an associa-
tion between marginal magnesium status
and CVD and hypertension. However, the
effect of supplementation is equivocal and
any effect appears to be small. Patients
with diabetes often have poor magnesium
status, but supplementation does not appear
to have an effect on glucose control, pos-
sibly because it is difficult to replete and
maintain adequate magnesium levels. Pre-
liminary evidence suggests that magnesium
could reduce the frequency and pain of
migraine and may help the symptoms of
PMS. There is no good evidence that mag-
nesium improves performance in athletes.
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Precautions/contraindications

Doses exceeding the RDA are best avoided in
renal impairment.

Pregnancy and breast-feeding

No problems reported with normal intakes.

Adverse effects

Toxicity from oral ingestion is unlikely in
individuals with normal renal function. Doses
of 3–5 g have a cathartic effect.

Interactions

Drugs
Alcohol: excessive alcohol intake increases renal
excretion of magnesium.
Loop diuretics: increased excretion of
magnesium.
4-quinolones: may reduce absorption of
4-quinolones; give 2 h apart.
Tetracyclines: may reduce absorption of tetra-
cyclines; give 2 h apart.
Thiazide diuretics: increased excretion of
magnesium.

Dose

Magnesium is available in the form of tablets
and capsules. It is available in isolation, in
combination with calcium (and sometimes with
vitamin D) and in multivitamin and mineral
preparations.

The dose is not established. Dietary supple-
ments provide 100–500 mg per dose.
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Manganese

Description

Manganese is an essential trace mineral.

Human requirements

No Reference Nutrient Intake or Estimated
Average Requirement has been set for man-
ganese in the UK, but a safe and adequate intake
is: for adults, 1.4 mg daily; infants, 10 µg daily.
The UK safe upper intake from supplements
alone is 5 mg daily for adults.

In the USA, the daily adequate intakes
(AIs) are: for infants 0–6 months, 0.003 mg, 7–
12 months, 0.6 mg; children, 1–3 years, 1.2 mg,
4–8 years, 1.5 mg; males, 9–13 years, 1.9 mg,
14–18 years, 2.2 mg, 19–70+ years, 2.3 mg;
females 9–18 years, 1.6 mg, 19–70+ years,
1.8 mg, pregnancy 2.0 mg, breast-feeding
2.6 mg.

The daily Tolerable Upper Intake Level from
food, water and supplements is: for children
1–3 years, 2 mg, 4–8 years, 3 mg; 9–13 years,
6 mg, 14–18 years, 9 mg, 19–70+ years, 11 mg,
pregnancy, 9 mg, breast-feeding 11 mg.

Dietary intake

In the UK, the average adult diet provides 4.6–
5.4 mg daily.

Action

Manganese activates several enzymes, includ-
ing hydroxylases, kinases, decarboxylases and
transferases. It is also a constituent of several
metalloenzymes, such as arginase, pyruvate
carboxylase, and also superoxide dismutase,
which protects cells from free radical attack. It
may have a role in the regulation of glucose
homeostasis and in calcium mobilisation.

Table 1 Dietary sources of manganese

Food portion Manganese
content (mg)

Cereal products
Bread, brown, 2 slices 1

white, 2 slices 0.3
wholemeal, 2 slices 1.5

Milk and dairy products
Milk and cheese Traces
Meat and fish
Meat and fish Traces
Liver, lambs, cooked (90 g) 0.4
Vegetables
1 small can baked beans (200 g) 0.6
Lentils, kidney beans or other pulses

(105 g)
1–1.5

Green vegetables, average, boiled
(100 g)

0.2

Fruit
1 banana 0.5
Blackberries, stewed (100 g) 1.5
Pineapple, canned (150 g) 1.5
Nuts
20 almonds 0.3
10 Brazil nuts 0.4
30 hazelnuts 1.0
30 peanuts 0.7
Tea, 1 cup 0.3

Note: Some other foods (e.g. breakfast cereals) contain significant

quantities, but there is no reliable information on the amount.

Excellent sources (>1 mg/portion) (bold).

Dietary sources

See Table 1 for dietary sources of manganese.
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Metabolism

Absorption
Absorption of manganese occurs throughout
the length of the small intestine, probably via
a saturable carrier mechanism, but absorptive
efficiency is believed to be poor.

Distribution
Manganese is transported in the blood bound
to plasma proteins. Organs with the highest
concentrations include the liver, kidney and
pancreas, but 25% of the body pool is found
within the skeleton. Homeostasis is maintained
by hepatobiliary and intestinal secretion.

Elimination
Manganese is eliminated primarily in the
faeces.

Bioavailability

Bioavailability of manganese appears to be
enhanced by vitamin C and meat-containing
diets, but is decreased by iron and non-starch
polysaccharides (dietary fibre). Although tea
contains large amounts of manganese, it is
essentially unavailable to humans.

Deficiency

Manganese deficiency in individuals consuming
mixed diets is very rare. Symptoms thought
to be associated with deficiency (which have
occurred only on semi-purified diets) include
weight loss, dermatitis, hypocholesterolaemia,
depressed growth of hair and nails and redden-
ing of black hair.

Possible uses

Diabetes
Manganese has been claimed to be useful in
diabetes mellitus. A relationship between
dietary manganese and carbohydrate meta-
bolism in humans has been suggested.1 This
paper described the case of a diabetic patient
resistant to insulin therapy who responded to
oral manganese with a consistent drop in blood
glucose levels. However, there is insufficient
evidence to warrant recommendation of man-
ganese supplements to patients with diabetes.

Miscellaneous
Manganese supplements have also been used to
treat inflammatory conditions such as rheuma-
toid arthritis, on the basis that manganese
supplementation has been shown to raise levels
of superoxide dismutase, which may protect
against oxidative damage.2

Precautions/contraindications

No problems reported.

Pregnancy and breast-feeding

No problems reported at normal doses.

Adverse effects

Manganese is essentially non-toxic when admin-
istered orally. Toxic reactions in humans occur
only as the result of the chronic inhalation of
large amounts of manganese found in mines
and some industrial plants. Signs include severe
psychiatric abnormalities and neurological dis-
orders similar to Parkinson’s disease.

Interactions

None reported.

Dose

Manganese is available in the form of tablets
and capsules.

The dose is not established. Dietary supple-
ments provide 5–50 mg per dose.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of manganese for adults from supplements alone
of 4 mg daily.
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Melatonin

Description

Melatonin is a hormone synthesised by the
pineal gland. It is synthesised from tryptophan,
which is converted to serotonin and this in
turn is converted to melatonin. Melatonin is
secreted in a 24-h circadian rhythm, regulating
the normal sleep–wake periods. Secretion starts
as soon as darkness falls, normally peaking
between 02:00 and 04:00, and synthesis is
inhibited by exposure to light. Daily output is
greatest in young adults and production declines
after the age of 20 years.

Action

Melatonin has a role in the regulation of sleep,
and as a supplement it can reset the sleep–wake
cycle and help to promote sleep. In addition,
it regulates the secretion of growth hormone
and gonadotrophic hormones, and it has anti-
oxidant activity. It may also have anti-cancer
properties.

Possible uses

Melatonin has been investigated for jet lag,
sleeping difficulties and cancer prevention.

Jet lag
A small double-blind, placebo-controlled trial
evaluated 17 volunteers who flew from London
to San Francisco, where they stayed for 2 weeks
before returning. For 3 days before returning
to London, subjects were given 5 mg melatonin
or placebo at 18:00 local time. Following their
return to Britain, the dose was continued for
4 more days between 14:00 and 16:00. On
day 7, the volunteers were asked to rate their

jet lag, and those taking melatonin reported
significantly less severe jet lag than those taking
placebo.1

In a similar study, 20 subjects flew east
from Auckland, New Zealand, to London and
returned after 3 weeks. Subjects took either
melatonin 5 mg or placebo for the first journey
and vice versa for the return journey. Less jet
lag was experienced in the volunteers taking
melatonin.2

In a further double-blind placebo-controlled
trial, 52 flight crew were randomly assigned
to three groups: early melatonin (5 mg mela-
tonin for 3 days before arrival, continuing for
5 days after returning home); late melatonin
(placebo for 3 days, followed by melatonin 5 mg
for 5 days); and placebo. The flight was from
Los Angeles to New Zealand and all subjects
began taking capsules at 07:00 to 08:00 Los
Angeles time (corresponding to 02:00 to 03:00
New Zealand time) 2 days before departure
and continued for 5 days after arrival in New
Zealand. Subjects in the late melatonin group
reported less jet lag and sleep disturbance than
the placebo group, while those in the early
melatonin group reported a worse recovery than
the placebo group. The authors concluded that
the timing of melatonin appeared to influence
the subjective symptoms of jet lag.3

In another double-blind placebo-controlled
study, 257 subjects on a flight from New
York to Oslo were randomised to receive either
5 mg melatonin or placebo at bedtime, 0.5 mg
melatonin at bedtime or 0.5 mg melatonin taken
on a shifting schedule. In this study, melatonin
showed no difference from placebo. However,
the authors acknowledged that the study had
various limitations, including the fact that the
subjects stayed only 4 days at their destination
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before flying back and may not have had enough
time to adapt to the new time. In addition,
time of sleep onset at night, awakening in the
morning and daytime sleepiness were assessed
rather than night-time sleep disturbance, and
it is night-time disturbance that is most asso-
ciated with jet lag. Moreover, subjects knew
that they had three out of four chances of
receiving melatonin, and the placebo effect may
have been quite large, diluting the influence of
melatonin.4

In a study in baboons (which have similar
sleep patterns to humans), various doses of
melatonin were given at various times of day
to see if melatonin shifted circadian rhythms.
Activity patterns of the baboons were constantly
monitored in a darkened room. Melatonin did
not shift circadian rhythms, but it did induce
sleep when given at night. However, the same
dose given during the day did not cause sleep.5

The authors concluded that melatonin does
not shift circadian phase in baboons using
doses similar to those prescribed for treating
human circadian system disorders, suggesting
that melatonin may not help to overcome the
effects of jet lag.

Melatonin has been compared with zolpidem
and also used in combination with zolpidem
for jet lag in relation to eastwards travel. In a
study involving 137 people, zolpidem was rated
as producing the best sleep quality during the
night flight and as the most effective jet lag
medication. However, all active treatments led
to a decrease in jet lag. Zolpidem and the com-
bination of zolpidem and melatonin were less
well tolerated than melatonin alone. Adverse
reports included nausea, vomiting, amnesia and
somnambulia to the point of incapacitation.
Confusion, morning sleepiness and nausea were
highest in the combination group.6

Another trial measured the effects of slow-
release caffeine and melatonin on sleep and
daytime sleepiness after a seven time zone
eastbound flight. Three groups of nine subjects
were given either caffeine (300 mg) at 08:00
on recovery days 1 to 5, or melatonin 5 mg
on the pre-flight day (at 17:00), the flight day
(at 16:00) and from days 1 to 3 after the
flight (at 23:00) or placebo at the same times.
Compared with baseline there was a significant

rebound of slow-wave sleep on nights 1 to 2
with placebo and melatonin and a significant
decrease in rapid eye movement sleep on night
1 with placebo and on nights 1 to 3 with
melatonin. Caffeine reduced sleepiness but also
tended to affect sleep quality until the last drug
day. The authors concluded that both caffeine
and melatonin have positive effects on some
jet lag symptoms after an eastbound flight,
caffeine on daytime sleepiness and melatonin on
sleep.7

A Cochrane review involving 10 trials found
that in eight of these trials melatonin, when
taken close to the target bedtime at the destina-
tion (22:00 to midnight) decreased jet lag from
flights crossing five or more time zones. Daily
doses of 0.5–5 mg were effective except that
people fell asleep faster and slept better after
5 mg than 0.5 mg. Doses above 5 mg appear
to be more effective. The relative ineffective-
ness of 2 mg slow-release melatonin suggests
that a short-lived higher peak concentration
of melatonin works better. The reviewers said
that timing of the melatonin dose is crucial.
If taken early in the day, it can cause sleepi-
ness and delay adaptation to local time. The
authors concluded that melatonin is effective in
preventing or reducing jet lag, and occasional
short-term use appears to be safe. They also
recommended it should be offered to travellers
crossing five or more time zones, particu-
larly in an easterly direction, and especially
if they have experienced jet lag on previous
journeys.8

Sleep disorders
In a study of six healthy young men, doses
of 0.3 mg and 1 mg melatonin given at night
produced acute hypnotic effects. There were no
residual hypnotic effects the next morning, as
shown from the results on mood and perfor-
mance tests carried out by the volunteers.9

In a double-blind, placebo-controlled,
crossover study, 12 elderly patients were
randomised to receive 2 mg controlled-release
melatonin daily for 3 weeks. There were no
differences in sleep time, but there was a
reduction in time to onset of sleep, and an
increase in sleep quality, as measured by wrist
actigraphy.10
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In a further double-blind, placebo-
controlled, crossover study, 14 patients
with insomnia (55–80 years) received 0.5 mg
melatonin either as an immediate-release dose
30 min before bedtime, a controlled-release dose
30 min before bedtime, an immediate-release
dose 4 h after bedtime, or placebo. Each
trial lasted for 2 weeks with 2-week washout
periods. All melatonin doses resulted in
significant reductions in time to sleep onset,
but no improvement in sleep quality and no
increase in sleep time.11

A 2001 systematic review of melatonin
in older people with insomnia included six
crossover RCTs. Five of the RCTs reported
some positive effects, with decreased sleep
latency in four studies, an increase in sleep
efficiency in three studies and a decrease in wake
time during sleep in two studies. Subjective sleep
quality was not improved in the two studies
that assessed this. There were no adverse effects
with melatonin. The authors concluded that
further research is required before widespread
use of melatonin in geriatric populations can be
advocated. They also consider it worth while
investigating whether melatonin could be used
to reduce the amount of benzodiazepines used
by older people.12

A later RCT involving older people with
age-related sleep maintenance problems found
that 5 mg melatonin taken at bedtime did not
improve sleep quality.13 In 10 patients (aged
30–75 years) with primary insomnia, there were
no differences in sleep electroencephalographic
(EEG) records, the amount or subjective quality
of sleep or side-effects between a placebo,
0.3 mg melatonin or 1 mg melatonin.14 In a
further study in patients (mean age 50 years)
with reduced rapid eye movement (REM) sleep
duration, melatonin 3 mg administered between
22:00 and 23:00 for 4 weeks significantly
increased percentage of REM sleep compared
with placebo.15 Melatonin has also been found
to restore sleep efficiency in individuals with
mental retardation and insomnia.16

A 2004 systematic review of melatonin in
sleep disorders concluded that melatonin is not
effective in treating most primary sleep disorders
with short-term use, although there is some
evidence to suggest that melatonin is effective

in treating delayed sleep phase syndrome with
short-term use. The review also stated that
evidence suggests that melatonin is not effective
in treating most secondary sleep disorders with
short-term use and no evidence suggests that
melatonin is effective in alleviating the sleep
disturbance aspect of jet lag and shift work
disorder. Evidence also suggests that melatonin
is safe with short-term use.17

A meta-analysis published in 2005 by the
same group as the 2004 systematic review
also suggested that melatonin is not effective
in treating most primary sleep disorders with
short-term use (4 weeks or less), but there is
some evidence that melatonin is effective in
treating delayed sleep phase syndrome with
short-term use.18 A further 2005 meta-analysis
of 15 studies found that melatonin significantly
reduced sleep latency by 4 min, increased sleep
efficiency by 3.1% and increased sleep duration
by 13.7 min.19

A meta-analysis published in 2006 (by the
same group as the 2004 systematic review17 and
the 2005 meta-analysis18) included six RCTs,
which showed no evidence that melatonin had
an effect on sleep latency in people with sec-
ondary disorders. Analysis of nine RCTs found
no evidence that melatonin had an effect on
sleep latency in people with sleep disorders
accompanying sleep restriction (e.g. jet lag, shift
work). Analysis of 17 RCTs showed no evidence
of adverse events of melatonin in short-term use
(3 months or less).20

Melatonin has also been evaluated in chil-
dren with insomnia and mental disorders. It
has been found to advance the sleep–wake
rhythm in children with idiopathic chronic
sleep-onset insomnia.21 In young patients with
epilepsy, melatonin has been shown to reduce
wake–sleep disorders22 and to be of potential
use as an adjunct to antiepileptic therapy in
reducing oxidant stress.23–25 In a systematic
review of melatonin treatment in children
with neurodevelopmental disabilities and sleep
impairment, melatonin was found to signifi-
cantly reduce time to sleep onset, but there
was no significant effect on the other outcome
measures of total sleep time, night-time
awakenings and parental opinions on their
children’s sleep.26
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Studies have also evaluated melatonin for
potential benefit for sleep disorders in patients
with dementia. Two studies have shown no
evidence that melatonin is effective in improving
sleep in patients with dementia.27,28 A Cochrane
review found some – albeit insufficient –
evidence to support the use of melatonin in
managing cognitive disturbances in people with
dementia. However, there was some evidence of
benefit on some behavioural symptoms.29

A prospective open-label study has evaluated
the potential for melatonin to improve tinnitus,
particularly in those with sleep disturbance
caused by tinnitus. A total of 24 patients took
3 mg melatonin per day for 4 weeks, followed
by 4 weeks of observation. Melatonin use was
associated with improvement in tinnitus and
sleep. There was an association between the
amount of improvement in sleep and tinnitus.
The impact of melatonin on sleep was greatest
in those with the worst sleep quality, but its
impact on tinnitus was not associated with the
severity of tinnitus. The authors concluded that
melatonin may be a safe treatment for patients
with idiopathic tinnitus, especially those with
sleep disturbance due to tinnitus.30

Cancer
A group of 80 patients with advanced solid
tumours, all of whom refused chemotherapy or
who did not respond to previous chemotherapy,
were randomised to receive either interleukin
2 (IL-2) or IL-2 and melatonin (40 mg) start-
ing 1 week before IL-2. Melatonin increased
the anti-tumour activity of IL-2, resulting in
accelerated tumour regression rate, increased
progression-free survival and longer overall
survival in these patients.31

In a small preliminary study involving 14
women with metastatic breast cancer, mela-
tonin was shown to increase the effects of
tamoxifen.32

In a controlled study, 50 patients with brain
metastases caused by solid neoplasms were
randomised to receive supportive care alone
(steroids and anticonvulsants) or supportive
care plus melatonin 20 mg daily. Survival at
1 year, free from brain progression, and mean

survival time were significantly higher in the
melatonin group.33

Another study randomised 80 patients with
metastatic tumours to receive chemotherapy
or chemotherapy plus melatonin (20 mg daily).
Melatonin was associated with a significant
reduction in frequency of thrombocytopenia,
malaise and asthenia, and a non-significant
trend towards less stomatitis and neuropathy
compared with controls. However, melatonin
had no effect on alopecia and vomiting.34

A systematic review of 10 RCTs of mela-
tonin in the treatment of cancer found that
melatonin reduced the risk of death at 1 year
(RR 0.66; 95% CI, 0.59 to 0.73). Effects were
consistent across melatonin dose and type of
cancer. No adverse events were reported. The
authors concluded that the reduction in risk
of death and lack of adverse events suggest
potential for melatonin in cancer management,
but these effects must be confirmed by further
good-quality RCTs.35

Blood pressure
The biological clock has been shown to be
involved in autonomic cardiovascular regula-
tion. Recent research has investigated the effect
of enhancing the functioning of the biological
clock by melatonin in blood pressure. A double-
blind, crossover RCT in 16 men with untreated
essential hypertension evaluated the influence
of oral melatonin 2.5 mg daily, 1 hour before
sleep, on 24-h ambulatory blood pressure and
actigraphic estimates of sleep quality. Repeated
melatonin intake over 3 weeks (but not an
acute single dose) reduced systolic and dias-
tolic blood pressure during sleep by 6 and
4 mmHg, respectively. The treatment did not
affect heart rate. The day–night amplitudes of
the rhythms in systolic and diastolic blood
pressures were increased by 15% and 25%
respectively. Repeated (but not acute) melatonin
also improved sleep. The authors concluded
that support of circadian pacemaker function
may provide a new strategy in the treatment of
essential hypertension.36

A further trial has found a similar effect
in women. In a double-blind RCT 18 women
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(aged 47–63 years) with normal blood pres-
sure (n = 9) or treated essential hypertension
(n = 9) received a 3-week course of slow-
release melatonin (3 mg) 1 h before going to
bed. They were then crossed over for 3 weeks.
In comparison with placebo, melatonin admini-
stration did not influence diurnal blood pressure
but did significantly decrease nocturnal systolic
(–3.77 ± 1.7 mmHg, P = 0.04) and diastolic
(–3.63 ± 1.3 mmHg, P = 0.013) pressure with-
out modifying heart rate. The effect was
inversely related to the day–night difference
in blood pressure, suggesting that prolonged
administration may improve the day–night
rhythm of blood pressure, particularly in
women with a blunted nocturnal decline.37

Another RCT in young patients with type 1
diabetes also found that melatonin (5 mg daily)
amplifies the nocturnal decline in blood pressure
and suggested that melatonin should be consid-
ered in trials of prevention of hypertension in
type 1 diabetes.38

Cognitive impairment
A number of studies suggest a relationship
between decline of melatonin function and the
symptoms of dementia. A Cochrane review of
three RCTs designed to evaluate melatonin for
sleep disorders associated with dementia found
no evidence of efficacy for cognitive function,
with evidence from a single small trial that
there may be some benefit for behavioural
problems.39

Miscellaneous
Melatonin has been evaluated in other disor-
ders. Studies have shown insufficient evidence
of benefit for melatonin in chronic fatigue
syndrome40 and in tardive dyskinesia.41 How-
ever, supplemental melatonin has been associ-
ated with significant reduction in nocturia in
men with benign prostatic enlargement,42 and
attenuation of abdominal pain and reduced
rectal pain sensitivity in patients with IBS.43

Animal models suggest that melatonin could be
a candidate neuroprotective agent for human
stroke.44

Conclusion
Melatonin has been promoted widely for the
prevention and treatment of jet lag and sleep
disorders. For jet lag, melatonin appears
promising, but results from studies on sup-
plements and sleep have been conflicting.
Reduced secretion has also been associated
with cancer, and preliminary research sug-
gests that melatonin may reduce adverse
effects associated with chemotherapy and
increase survival time. Reduced secretion
has also been linked with CVD, epilepsy
and depression, but its role as a potential
supplement in these conditions is unclear.
There is preliminary evidence that melatonin
may have a blood pressure lowering effect.

Precautions/contraindications

Caution in taking melatonin (as any other sleep
therapy) for prolonged periods without medical
assessment of the patient. Melatonin should
be avoided in women wishing to conceive
(large doses may inhibit ovulation); in children
and in patients with mental illness, including
depression.

Pregnancy and breast-feeding

Melatonin should be avoided in pregnancy.

Adverse effects

No known toxicity or serious side-effects, but
the effects of long-term supplementation are
unknown. However, there have been reports
of headaches, abdominal cramp, inhibition of
fertility and libido, gynaecomastia, exacerba-
tion of symptoms of fibromyalgia and also sleep
disturbance. In addition, there have been reports
of increased seizures in children suffering from
neurological disorders. Inhibition of ovulation
has been observed with high doses, but mela-
tonin should not be used as a contraceptive.
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Interactions

No data are available, but in theory melatonin
may be additive with medication that causes
CNS depression. In addition, beta-blockers in-
hibit melatonin release, and this may be the
mechanism by which beta-blockers cause sleep
disturbance. Other drugs, including fluoxetine,
ibuprofen and indomethacin, may also reduce
nocturnal melatonin secretion. Melatonin may
influence the effects of warfarin.
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Methylsulfonylmethane

Description

Methylsulfonylmethane (MSM) is an organic
sulphur-containing compound. It is an oxida-
tion product of the organic solvent, dimethyl
sulfoxide (DMSO). DMSO has been used
(although is of unproven efficacy) in the treat-
ment of arthritis and connective tissue injuries.

Action

MSM is claimed by manufacturers to be an
organic source of sulphur for synthetic pro-
cesses. However, there is no evidence to support
the need for this in humans. There are many
other dietary sources of sulphur, including
the sulphur-containing amino acids, cysteine
and methionine, which are found in dietary
protein.

Because cartilage has a high content of
sulphur, and sulphur is needed for the formation
of connective tissue, it has been suggested that
MSM as a source of sulphur could be useful in
the management of conditions such as osteo-
arthritis and joint injuries where there is de-
generation or destruction of cartilage. Because
MSM is a metabolite of DMSO, it has been
suggested that some of the supposed benefits
of DMSO (see above) could be attributed to
MSM.

There is some very preliminary evidence that
MSM reduces homocysteine levels and that it
might reduce lipid peroxidation.1

Dietary sources

MSM is found naturally in a variety of fruits,
vegetables, milk, meat, fish, coffee, tea and
chocolate.

Possible uses

Extravagant claims for MSM have been made
since the 1980s. Many of these claims have
been made by manufacturers and marketers of
supplements, and one website was warned by
the US Food and Drug Administration (FDA)
about making illegal claims. Claims and a
rationale for taking MSM can be found on a
website that describes two unpublished studies
showing benefits of MSM on firstly arthritis,
muscle and joint pain, and secondly, on muscle
strain and other athletic injuries.2

There is some evidence from two small
controlled trials that MSM, either in combina-
tion with glucosamine or alone, could improve
symptoms of pain in arthritis. In one double-
blind RCT, 188 patients with mild to moderate
osteoarthritis were randomised to glucosamine
500 mg three times daily, MSM 500 mg three
times daily or glucosamine 500 mg plus MSM
500 mg three times daily for 12 weeks. All
three treatments produced an analgesic and
anti-inflammatory effect. Compared with the
individual agents, the combination of glu-
cosamine and MSM produced more rapid onset
of analgesia and was associated with better anti-
inflammatory effect, better efficacy in reducing
pain and swelling and better improvement in the
functional ability of joints.3

A pilot clinical trial randomised 50 men
and women with knee osteoarthritis pain
to MSM 3 g twice daily or placebo twice
daily for 12 weeks. MSM improved symp-
toms of pain and physical function, but
did not reduce stiffness or a total aggre-
gate of osteoarthritis symptom scores. The
authors cautioned that the benefits and safety
of MSM in managing osteoarthritis and
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long-term use cannot be confirmed with this
pilot trial.1

Preliminary evidence from an open trial
found that MSM 2600 mg daily for 30 days
could relieve respiratory symptoms in seasonal
allergic rhinitis with no adverse events. No
significant changes were observed in plasma IgE
or histamine levels. The authors concluded that
the results merited further investigation in a
larger controlled trial.4

MSM has also been used for snoring, sclero-
derma, fibromyalgia, SLE, repetitive stress
injuries, HIV/AIDS, depression, breast and
colon cancer, eye inflammation, insect bites and
Alzheimer’s disease. However there are no data
from clinical trials in humans to support these
uses.

Conclusion
MSM has been studied as a source of
sulphur for the management of arthritic
conditions. There is preliminary evidence
from two small controlled trials that MSM
could reduce pain and improve physi-
cal function in patients with osteoarthritis.
Many extravagant claims have been made
for the value of MSM in other conditions,
but evidence is lacking and further trials
are needed to confirm suggested benefits,
including those in arthritis.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee

the safety of MSM in pregnancy and breast-
feeding.

Adverse effects

MSM is a component of foods and has not been
reported to be toxic. No adverse effects were
reported when rats were given 1–5 g/kg body
weight for 3 months.5 A 30-day study in humans
revealed no side-effects with a 2600 mg daily
dosage.4

Interactions

None reported.

Dose

The dose is not established. Supplements
typically provide 1500–3000 mg in a daily
dose.
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Molybdenum

Description

Molybdenum is an essential ultratrace mineral.

Human requirements

No Reference Nutrient Intake or Estimated
Average Requirement has been set for molyb-
denum in the UK but a safe and adequate
daily intake is: for adults, 50–400 µg; infants,
children and adolescents, 0.5–1.5 µg/kg. The
UK Food Standards Agency has not set a safe
upper level.

In the USA, daily adequate intakes (AIs)
are: for infants, 0–6 months, 2 µg, 7–12 months,
3 µg. RDAs are: for children, 1–3 years, 17 µg,
4–8 years, 22 µg; for males and females, 9–
13 years, 34 µg, 14–18 years, 43 µg, 19–70+
years, 45 µg; pregnancy and breast-feeding,
50 µg. The daily Tolerable Upper Intake Level
from food, water and supplements is: for
children 1–3 years, 300 µg, 4–8 years, 600 µg;
9–13 years, 1100 µg, 14–18 years, 1700 µg,
19–70+ years, 2000 µg, pregnancy, 1700 µg,
breast-feeding 2000 µg.

Dietary intake

Average adult intakes of molybdenum are 120–
140 µg daily (USA figures).

Action

Molybdenum functions as an essential co-
factor for several enzymes, including alde-
hyde oxidase (oxidises and detoxifies various
pyrimidines, purines and related compounds
involved in DNA metabolism); xanthine oxi-
dase/dehydrogenase (catalyses the formation of

uric acid); sulphite oxidase (involved in sulphite
metabolism).

Dietary sources

The richest sources of molybdenum include
milk and milk products, dried beans and peas,
wholegrain cereals and liver and kidney.

Metabolism

Absorption
Molybdenum is readily absorbed, but the mech-
anism of absorption is uncertain.

Distribution
Molybdenum is transported in the blood,
loosely attached to erythrocytes, and binds
specifically α2-macroglobulin. The highest con-
centrations are found in the liver and kidney.

Elimination
Excretion of manganese is mainly via the kid-
neys, but significant amounts are eliminated in
the bile.

Deficiency

A precise description of molybdenum deficiency
in humans has not been clearly documented.
Evidence so far has been limited to a single
patient on long-term total parenteral nutri-
tion, who developed hypermethioninaemia,
decreased urinary excretion of sulphate
and uric acid, and increased urinary excretion of
sulphite and xanthine. In addition, the patient
suffered irritability and mental disturbances that
progressed into coma. Supplementation with
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molybdenum improved the clinical condition
and normalised uric acid production.

Possible uses

None established.

Adverse effects

Molybdenum is a relatively non-toxic element.
High dietary intakes (10–15 mg daily) have been
associated with elevated uric acid concentra-
tions in blood and an increased incidence of

gout, and may also result in impaired bioavail-
ability of copper and altered metabolism of
nucleotides.

Interactions

None reported.

Dose

Molybdenum is available mainly in multivita-
min and mineral supplements.

There is no established dose.



N-acetyl cysteine

Description

N-acetyl cysteine (NAC) is a derivative of the
dietary amino acid, l-cysteine. It is a source of
sulphydryl groups and, as such, can stimulate
the synthesis of reduced glutathione (GSH), an
endogenous antioxidant. It has been in clinical
use for more than 30 years as a mucolytic agent
for a variety of respiratory conditions, but is
now available as a dietary supplement.

Action

By stimulating the production of glutathione,
NAC acts as an antioxidant. It also helps to pro-
tect the liver from various toxicants and is used
at high doses for the treatment of paracetamol-
induced toxicity. NAC also chelates heavy met-
als such as cadmium, lead and mercury, and
may be useful for the treatment of heavy metal
toxicity.

Possible uses

NAC is promoted for influenza, bronchitis and
the management of symptoms related to HIV
and cancer.

Respiratory conditions
Oral NAC has been used since the 1960s for
the treatment of bronchitis and it has also
been advocated as a prophylactic in patients
with chronic bronchitis. Various trials have also
reported that supplementation may reduce the
duration of bronchitic exacerbations.

In a study in nine patients for 4 weeks,1

regular use of NAC 200 mg three times a
day resulted in no significant differences in
lung function, mucociliary clearance curves or

sputum viscosity compared with placebo. In
another study involving 181 patients ran-
domised to receive either NAC 200 mg three
times a day or placebo for 5 months in a double-
blind manner, the number of exacerbations of
bronchitis and the total number of days taking
an antibiotic was reduced in the NAC group
compared with placebo, but the differences were
not significant.2

A further study in 526 patients suffering
from chronic bronchitis found no significant
differences between NAC and placebo in the
number of exacerbations, but there was a
significant reduction with NAC in the number of
days patients were incapacitated.3 Yet another
double-blind, randomised, placebo-controlled
trial found that NAC tablets 300 mg three
times a day were associated with a significant
reduction in the number of sick leave days after
4 months of treatment during the winter. After
6 months, the number of sick leave days and
exacerbations of bronchitis remained lower in
the NAC group, but the differences were not
significant.4

An open randomised study involving 169
patients with COPD found that NAC 600 mg
daily plus standard treatment compared with
placebo plus standard treatment was associated
with a reduction in the number of sick leave
days and exacerbations.5

A meta-analysis of nine double-blind,
placebo-controlled trials of oral NAC in chronic
bronchopulmonary disease concluded that a
prolonged course of NAC prevents acute
exacerbations of chronic bronchitis, thus pos-
sibly reducing morbidity and healthcare costs.6

A quantitative systematic review of 11 trials
published between 1976 and 1994 found that
oral NAC reduces the risk of exacerbations and
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improves symptoms in patients with chronic
bronchitis compared with placebo, without
increasing the risk of adverse effects. However,
the question of whether this benefit is sufficient
to justify the routine use of NAC in all patients
with bronchitis should be addressed with fur-
ther studies, the authors concluded.7

More recent trials have not demonstrated
positive results. An NAC/vitamin C com-
bination had no clinical benefit in chronic
bronchitis.8 In one RCT involving 523 patients
in 50 centres, oral NAC 600 mg daily and
placebo produced similar clinical outcomes (fall
in vital capacity, number of exacerbations).
However, amongst patients not taking inhaled
corticosteroids, those on NAC had significantly
fewer exacerbations.9 Two further trials have
found that NAC reduced the oxidative burden
(as shown by reduced exhaled hydrogen perox-
ide) in airways of stable COPD patients.10,11

A multinational study in 155 patients with
idiopathic pulmonary fibrosis found that mor-
tality was no different between groups treated
with NAC and placebo. However, the NAC
group had 9% better vital capacity and im-
proved carbon monoxide diffusing capacity.
There was also a slightly lower rate of myelo-
toxicity in the NAC group.12 An Italian trial
evaluated the impact of oxygen treatment on
oxidation free radicals and the effect of NAC
in that process. Forty-five stable COPD pa-
tients were given oxygen along with placebo
or NAC (1200 or 1800 mg daily). Oxygen
therapy increased free radical production and
disturbed redox balance, but this was prevented
by NAC.13

Influenza
In a randomised, double-blind study, 262 sub-
jects, 62% of whom had chronic but non-
respiratory degenerative disease (e.g. CVD,
diabetes, arthritis) received NAC 1200 mg daily
or placebo for 6 months. In the NAC group,
there was a significant reduction in influenza-
like episodes, severity of illness and length of
time confined to bed as compared with the
placebo group.14 However, NAC did not pre-
vent subclinical influenza infection (as assessed
by antibody response to A/H1N1 virus), but the

authors concluded that it reduced the incidence
of clinically apparent disease.

Human immunodeficiency virus
In general, HIV-positive individuals have low
levels of cysteine and GSH, and it has been
suggested that NAC may benefit these patients
by raising GSH levels,15,16 but evidence for the
value of NAC supplementation is equivocal.

In a double-blind, placebo-controlled trial,
45 HIV-positive patients on retroviral therapy
were randomised to receive 800 mg NAC or
placebo for 4 months. In the NAC group,
cysteine levels increased from their low pretreat-
ment levels, and TNF-α levels fell. In addition,
the decline in CD4+ lymphocyte count found at
the start of the study was less severe in the NAC
group compared with placebo.17 Another trial
found that NAC was capable of raising CD4 cell
count faster than a placebo.18

NAC has also been investigated in combi-
nation with trimethoprim-sulfamethoxazole in
the prophylaxis of Pneumocystis carinii in HIV-
positive patients.19,20 It has been suggested that
adverse reactions to the antibiotics are due to
low GSH levels in these patients, which may
be improved by NAC supplementation. How-
ever, NAC did not reduce the risk of adverse
reactions to trimethoprim-sulfamethoxazole in
either study.

A further 180-day RCT found that there
were no measurable benefits of supplementing
anti-retroviral therapy with NAC in terms of
viral load, TNF-α and lymphocyte apoptosis.
Baseline levels of GSH were not recovered.21

Cancer
Preliminary in vitro studies have indicated that
NAC could have a role in the prevention and
management of some forms of cancer. In a large
randomised trial, 2592 patients (60% with head
and neck cancer and 40% with lung cancer),
most of whom were previous or current smok-
ers, received either vitamin A (300 000 units
daily for 1 year, followed by 150 000 units daily
during the second year), NAC (600 mg daily
for 2 years), both compounds, or placebo.22

However, there was no benefit in terms of
survival, event-free survival or second primary
tumours with either vitamin A or NAC. A
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further small trial in smokers found that NAC
has the potential to modulate certain cancer-
associated biomarkers in specific organs, and
could therefore impact upon tobacco smoke
carcinogenicity in humans.23

Conclusion
NAC may be useful as prophylaxis in
patients with chronic bronchitis and COPD.
There is preliminary evidence from one
study that it may also reduce symptoms
of influenza in older people. Preliminary
studies in HIV-positive patients suggest that
NAC may improve the clinical picture in
such patients, although further research
is required. In vitro work has indicated
that NAC could reduce the risk of cancer,
although one large study has shown no
significant benefits.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of NAC in pregnancy and breast-feeding.

Adverse effects

None reported, but there are no long-term
studies assessing the safety of NAC. It has been
used since the 1970s with few side-effects (e.g.
mild gastrointestinal side-effects and skin rash).
Such adverse effects that have been noted have
occurred mainly with large oral doses of NAC
given for paracetamol poisoning.

Interactions

None reported.

Dose

NAC is available in the form of tablets.

The dose is not established (for use as a
supplement). Clinical trials have used 600–
1200 mg daily.
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Niacin

Description

Niacin is a water-soluble vitamin of the vitamin
B complex.

Nomenclature

Niacin is a generic term used to describe the
compounds that exhibit the biological prop-
erties of nicotinamide. It occurs in food as
nicotinamide and nicotinic acid. It is sometimes
known as niacinamide.

Units

Requirements and food values for niacin are
the sum of the amounts of nicotinic acid and
nicotinamide. Niacin is also obtained in the
body from the amino acid tryptophan. On
average, 60 mg tryptophan is equivalent to 1 mg
niacin.

Niacin (mg equivalents) = nicotinic acid (mg)
+ nicotinamide (mg) + tryptophan (mg)/60

Human requirements

Niacin requirements depend on energy intake;
values are therefore given as mg/1000 kcal and
also as total values based on estimated average
energy requirements for the majority of people
in the UK (Table 1).

Dietary intake

In the UK, the average adult diet provides
(niacin equivalents): for men, 44.7 mg daily; for
women, 30.9 mg.

Action

Nutritional
As a vitamin, niacin functions as a compo-
nent of two coenzymes, nicotinamide adenine
dinucleotide (NAD) and nicotinamide adenine
dinucleotide diphosphate (NADP). These coen-
zymes participate in many metabolic processes
including glycolysis, tissue respiration, lipid,
amino acid and purine metabolism.

Pharmacological
In doses in excess of nutritional requirements,
nicotinic acid (but not nicotinamide) reduces
serum cholesterol and triglycerides by inhibiting
the synthesis of VLDLs, which are the precur-
sors of LDLs. Nicotinic acid also causes direct
peripheral vasodilatation.

Dietary sources

See Table 2 for dietary sources of niacin.

Metabolism

Absorption
Both nicotinamide and nicotinic acid are ab-
sorbed in the duodenum by facilitated diffusion
(at low concentrations) and by passive diffusion
(at high concentrations).

Distribution
Conversion of niacin to its coenzymes occurs in
most tissues.
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Table 1 Dietary Reference Values for niacin (nicotinic acid equivalent) (mg/day)

EU RDA = 18 mg

Age UK USA
FAO/WHO

LNRI1 EAR1 RNI1 RNI2 EVM RDA2 TUL2 RNI2

0–6 months 4.4 5.5 6.6 3 2 – 2
7–12 months 4.4 5.5 6.6 5 3 – 4
1–3 years 4.4 5.5 6.6 8 6 10 6
4–6 years 4.4 5.5 6.6 11 – – 9
4–8 years – – – 8 15 –
7–10 years 4.4 5.5 6.6 12 – – 12a

9–13 years – – – – 12 20 –
Males
11–14 years 4.4 5.5 6.6 15 – – 16b

15–18 years 4.4 5.5 6.6 18 – – 16
14–18 years – – – – 16 30 –
19–50 years 4.4 5.5 6.6 17 173 16 35 16
51–65+ years – – – – – – 16
51–70+ years – – – – 16 35 –
Females
11–14 years 4.4 5.5 6.6 12 – – 14b

15–18 years 4.4 5.5 6.6 14 – – 14
14–18 years – – – – 14 30 –
19–50 years 4.4 5.5 6.6 13 173 14 35 14
51–65+ years – – – – – – 14
51–70+ years – – – – 14 35 –
Pregnancy * * * – 18 354 18
Lactation * * +2.3 +2 17 354 17

a 7–9 years. b 10–14 years.
1 mg/1000 kcal. 2 mg/day.
3 Likely safe daily intake of nicotinamide from supplements alone is 500 mg daily. 4 Women <18 years = 30 mg daily.

EVM = Likely safe daily intake of nicotinic acid from supplements alone.

TUL = Tolerable Upper Intake Level.

Elimination
Elimination occurs mainly via the urine. Niacin
appears in breast milk.

Bioavailability

Niacin is remarkably stable and can withstand
reasonable periods of heating, cooking and
storage with little loss. Bioavailability of niacin
from cereals may be low, but much of the
niacin in breakfast cereals comes from fully

available synthetic niacin added to fortify such
products.

Deficiency

Niacin deficiency (rare in the UK) may lead to
pellagra. Early signs of deficiency are vague and
non-specific and may include reduced appetite,
weight loss, gastrointestinal discomfort, weak-
ness, irritability and inability to concentrate.
Signs of more advanced deficiency include sore
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Table 2 Dietary sources of niacin

Food portion Niacin
content1(mg)

Breakfast cereals
1 bowl All-Bran (45 g) 6.5
1 bowl Bran Flakes (45 g) 7.5
1 bowl Corn Flakes (30 g) 5.0
1 bowl muesli (95 g) 8.0
1 bowl Start (40 g) 10.0
2 pieces Shredded Wheat 3.0
2 Weetabix 6.0
Cereal products
Bread, brown, 2 slices 3.0

white, 2 slices 2.5
wholemeal 2 slices 4.0

1 chapati 2.5
1 naan bread 5.0
1 white pitta bread 2.5
Pasta, brown, boiled (150 g) 3.5

white, boiled (150 g) 2.0
Rice, brown, boiled (160 g) 3.0

white, boiled (160 g) 2.0
2 heaped tablespoons wheatgerm 1.5
Milk and dairy products
1/2 pint milk, whole, semi-skimmed, or

skimmed
2.5

1/2 pint soya milk 1.5
1 pot yoghurt (150 g) 1.5
Cheese (50 g) 1.5
1 egg, size 2 (60 g) 2.5
Meat and fish
Beef, roast (85 g) 10.0
Lamb, roast (85 g) 10.0
Pork, roast (85 g) 10.0
1 chicken leg portion 16.0
Liver, lambs, cooked (90 g) 18.0
Kidney, lambs, cooked (75 g) 11.5
Fish, cooked (150 g) 10–15
Vegetables
Peas, boiled (100 g) 2.5
Potatoes, boiled (150 g) 1.5
1 small can baked beans (200 g) 2.6
Chickpeas, cooked (105 g) 2.0
Red kidney beans (105 g) 2.0
Dahl, lentil (150 g) 1.5
Nuts
30 peanuts 6.5
Yeast
Brewer’s yeast (10 g) 1.5
Marmite, spread on 1 slice bread 3.5

Niacin equivalents (includes both pre-formed niacin and niacin
obtained from tryptophan).
Excellent sources (bold); good sources (italics).

mouth, glossitis and stomatitis. The severe
deficiency state of pellagra is characterised by
dermatitis (predominantly in the areas of skin
exposed to sunlight), dementia (associated with
confusion, disorientation, seizures and halluci-
nations) and diarrhoea.

Possible uses

Despite claims made for niacin, it is of un-
proven value in arthritis, alcohol dependence,
schizophrenia and other mental disorders un-
related to niacin deficiency. Nicotinic acid is
prescribable on the NHS for hyperlipidaemia,
but should not be sold as a supplement for this
purpose.

Niacin (nicotinamide) is being evaluated in
studies either alone or with statins for effect
in cholesterol lowering. Some studies1–3 and
a meta-analysis4 have demonstrated efficacy.
However, doses used are high (500–1000 mg
daily) and exceed the UK safe upper level,
which makes this use unsuitable for dietary
supplementation. In any case, further studies are
required to confirm these findings.

Precautions/contraindications

Large doses of niacin are best avoided in
gout (may increase uric acid levels); peptic
ulcer (large doses may activate an ulcer); and
liver disease (large doses cause deterioration).
Large doses should also be used with caution
in diabetes mellitus. However, studies suggest
that lipid-modifying doses can safely be used
in patients with diabetes.5 Supplements con-
taining nicotinic acid should not be used as
a cholesterol-lowering agent without medical
advice.

Pregnancy and breast-feeding

No problems reported.

Adverse effects

Both nicotinamide and nicotinic acid can be
toxic in excessive amounts, but the effects are
somewhat different.
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Nicotinamide
In normal doses, nicotinamide is not toxic, but
chronic administration at doses of 3 g daily
for periods of more than 3 months may cause
nausea, headaches, heartburn, fatigue, sore
throat, dry hair, dry skin and blurred vision.

Nicotinic acid
Acute flushing (at doses of 100–200 mg, but re-
duced risk with sustained-release preparations),
pounding headache, dizziness, nausea, vom-
iting, pruritis; occasionally decreased glucose
tolerance and increased uric acid levels; rarely
hepatic impairment (risk may be increased with
sustained-release preparations) and hyperten-
sion.

Interactions

Drugs
Lipid-lowering drugs: increased risk of rhabdo-
myolysis and myopathy (combined therapy
should include careful monitoring).

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.

Dose

Nicotinamide is available in the form of tablets,
but is found mainly in multivitamin and mineral
products.

Dietary supplements generally provide 30–
50 mg daily.
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Nickel

Description

Nickel is a trace element. It can exist in
oxidation states –I, 0, +I, +II, +III and +IV.
State II is the most important in biological
systems.1 Nickel has not been shown to be
essential in humans, but it is present in a few
multivitamin/multimineral supplements in the
UK.

Human requirements

Human requirements for nickel have not been
established. There are no Dietary Reference
Values. The Food Standards Agency Expert
Vitamins and Minerals (EVM) group stated
that UK dietary intake of nickel would not be
expected to have any harmful effects but did
not set a safe upper level or guidance level for
adults for supplemental nickel intake.2 The US
Food and Nutrition Board set a Tolerable Upper
Intake Level of 1 mg daily for adolescents and
all adults.

Intake

Mean intake of dietary nickel in the UK is
130 µg daily, with an estimated maximum in-
take of 260 µg daily.2

Action

Nickel is an essential component in the enzymes
of many plants, bacteria, algae and fungi. In
humans, nickel influences iron absorption and
metabolism and may be essential in red blood
cell metabolism.2

Dietary sources

Nickel is present in a variety of foods, particu-
larly pulses, grains (especially oats) and nuts. It
is also present in drinking water.

Metabolism

Absorption
Dietary nickel is poorly absorbed. Absorption
takes place in the small intestine via a carrier-
mediated mechanism, but passive diffusion may
also occur.

Distribution
The majority of nickel in human serum is bound
to albumin, with some bound to nickeloplas-
min, an α-macroglobulin, and some to amino
acids, such as histidine, cysteine and aspartic
acid.1 It is distributed widely throughout the
tissues with the highest concentrations in bone,
lung, liver, kidney and endocrine glands. Nickel
is also found in hair, nails, saliva and breast
milk.

Elimination
Absorbed nickel is excreted predominantly in
the urine, but some is also lost through sweat.

Bioavailability

Reported values of nickel absorption are < 1%
when consumed with food, ascorbic acid, milk,
tea, coffee and orange juice.1 In a fasting state,
20–25% of nickel (from a nickel salt) may be
absorbed.2 Absorption is increased under con-
ditions of low nickel and iron bioavailability.
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Deficiency

Nickel deficiency has not been observed in
humans. In animals, deficiency is associ-
ated with delayed sexual maturity, perina-
tal mortality, reduced growth and reduced
haematopoiesis.

Possible uses

There are no known beneficial human health
effects from consuming dietary nickel.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

There are no data in humans, but in animal stud-
ies, nickel toxicity is associated with perinatal
mortality.

Adverse effects

Acute nickel exposure is associated with gastro-
intestinal disturbances, visual disturbance,

headache, cough, wheezing and giddiness.
Approximately 7–10% of the population (pre-
dominantly women) is affected by nickel-
allergic dermatitis. Ingestion of nickel may
exacerbate eczema due to nickel sensitivity.
Iron deficiency may increase the risk of nickel
sensitisation.2

Interactions

None reported.

Dose

The dose is not established. Supplements in the
UK contain up to 5 µg in a daily dose.
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Octacosanol

Description

Octacosanol is the main component of poli-
cosanol, which is isolated from sugar cane
wax. Octacosanol has also been isolated from
Eupolyphaga sinensis, some Euphorbia species,
Acacia modeseta, Serenoa repens and other
plants, including whole grains, fruit and veg-
etables. It is a 28-carbon long-chain alcohol.

Action

Octacosanol appears to have a lipid-lowering
effect, and there is some evidence (albeit lim-
ited) that octacosanol may improve muscle
endurance. However, almost all of the studies
conducted to date have emanated from a few
research groups in Cuba and use one source of
policosanol from Cuban cane sugar. The results
from these groups have not been consistently
replicated elsewhere.

Possible uses

It has been claimed that octacosanol is pro-
tective against CVD, can improve endurance
in athletes, and is beneficial in patients with
Parkinson’s disease.

Cardiovascular disease
Animal studies have shown that policosanol
reduces serum lipids,1–3 platelet aggregation4

and atherosclerosis,5,6 and that it may help to
protect against cerebral ischaemia.7

Platelet aggregation
In a double-blind, placebo-controlled study, 37
healthy volunteers were randomised to receive
either placebo or policosanol 10 mg daily for

7 days, 20 mg daily for the next 7 days, then
40 mg daily for the next 7 days. Platelet aggrega-
tion (induced by ADP and epinephrine) reduced
as the dose of policosanol increased, with
significant effects observed after the second and
third but not the first dose level. Coagulation
time remained unchanged during the trial.8

In a further randomised, placebo-controlled,
double-blind study involving healthy volun-
teers, policosanol (5, 10, 25 and 50 mg), ad-
ministered orally, inhibited platelet aggregation
(induced by ADP and epinephrine), and at a
dose of 20 mg daily for 7 days the inhibition was
significant. A modest effect on collagen-induced
platelet aggregation was observed only at the
highest dose (50 mg daily) while the lowest
dose (5 mg daily) was ineffective. Policosanol
did not affect coagulation time.9 Further studies
in healthy volunteers10 and those with type
II hypercholesterolaemia11 have shown similar
effects on platelet aggregation.

A randomised, double-blind, placebo-
controlled study was carried out in 43
healthy volunteers to compare the effects of
policosanol (20 mg daily), aspirin (100 mg
daily) and combination therapy (policosanol
20 mg daily plus aspirin 100 mg daily) on
platelet aggregation. With policosanol, platelet
aggregation induced by ADP, epinephrine
and collagen was significantly reduced.
Aspirin reduced platelet aggregation induced
by collagen and epinephrine but not by
ADP. Combined therapy significantly inhibited
platelet aggregation by all agonists. Coagulation
time did not change during the trial. The authors
concluded that policosanol (20 mg daily) was
as effective as aspirin (100 mg daily), and that
combination therapy showed some advantages
over the respective monotherapies.12
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A further double-blind RCT compared the
antiplatelet effects of two doses of policosanol
(20 and 40 mg daily) with placebo. Both doses
significantly reduced platelet aggregation, com-
pared with placebo, but no differences were ob-
served in the effects produced by the two doses.
Effects on platelet aggregation were similar in
normal and hypercholesterolaemic patients. In
addition, after 30 days, both 20 mg and 40 mg
policosanol reduced LDL and total cholesterol
and raised HDL cholesterol.13

Lipid lowering
A pilot single-blind, randomised, placebo-
controlled trial was conducted in 23 middle-
aged outpatients with well-documented chronic
CHD and primary or marginal hyperlipidaemia.
Twelve patients received 1 mg policosanol twice
a day and 11 patients received placebo. The
treated group showed a significant reduction
in total (14.8%) and LDL (15.6%) cholesterol.
The authors stated there was also a clinical
tendency in five out of 12 of the treated patients
towards improvement of CHD.14

In a 2-year, double-blind, randomised,
placebo-controlled trial involving 69 patients
with total and LDL cholesterol poorly con-
trolled by diet, octacosanol 5 mg twice a day
was associated with a 25% reduction in LDL
cholesterol and an 18% reduction in total
cholesterol. Ratios of LDL to HDL cholesterol
were also reduced. All changes were significant
and were maintained throughout the 2 years of
the study.15

Another double-blind, placebo-controlled
trial in 29 patients with non-insulin-dependent
diabetes mellitus (NIDDM) and hypercholes-
terolaemia found that 10 mg policosanol
daily significantly reduced total cholesterol by
17.5% and LDL cholesterol by 21.8%, non-
significantly reduced triglycerides by 6.6%,
and non-significantly raised HDL cholesterol
by 11.3%. Glycaemic control was unaffected
and no adverse effects were attributable to
policosanol. The authors concluded that poli-
cosanol is safe and effective in patients with
NIDDM and hypercholesterolaemia.16

A further double-blind, randomised study
comparing the effect of policosanol (10 mg
daily; 55 patients) with the two HMG-CoA

reductase inhibitors, lovastatin (20 mg daily;
26 patients) or simvastatin (10 mg daily; 25
patients), showed that LDL cholesterol reduced
by 24% with policosanol, 22% with lovastatin
and 15% with simvastatin. HDL cholesterol
was increased in the policosanol group but
not in the two groups using the HMG-CoA
reductase inhibitors.17

A similar study comparing policosanol
(10 mg daily) with acipimox (750 mg daily),
involving 63 patients, showed that policosanol
reduced total cholesterol and LDL cholesterol
by 15.8% and 21%, respectively, and lowered
the ratio of LDL to HDL cholesterol by 15.8%.
Acipimox reduced both total cholesterol and
LDL cholesterol by 7.5%.18

A further study comparing policosanol
(10 mg daily) and pravastatin (10 mg daily)
showed reductions in total and LDL choles-
terol with policosanol of 13.9% and 19.3%,
respectively, and lowered the LDL:HDL choles-
terol ratio by 28.3%. Pravastatin lowered total
cholesterol by 11.8% and LDL cholesterol by
15.6%. Policosanol reduced platelet aggrega-
tion to a greater extent than pravastatin. The au-
thors concluded that policosanol (10 mg daily)
produces more favourable effects on serum
lipids and platelet aggregation than pravastatin
(10 mg daily).19 A further study comparing
policosanol (10 mg daily) with lovastatin (20 mg
daily) in 53 patients showed similar effects
on serum lipid levels.20 A further study com-
paring policosanol 10 mg daily with lovastatin
20 mg daily found that policosanol was slightly
more effective than lovastatin in reducing the
LDL/HDL and total cholesterol/HDL ratios,
in increasing HDL levels and preventing LDL
oxidation.21 A Russian study found that poli-
cosanol 10 mg daily was superior in lowering
cholesterol to bezafibrate 400 mg daily.22 In a
study comparing policosanol 10 mg daily with
atorvastatin 10 mg daily, policosanol was less
effective than atorvastatin in reducing serum
LDL and triglyceride levels in elderly patients
with hypercholesterolaemia. Policosanol, but
not atorvastatin, significantly increased serum
HDL, while both reduced serum triglycerides
and other measures of atherogenesis.23

Further studies have shown that policosanol
reduced serum total and LDL cholesterol and
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raised HDL cholesterol in a study involving 437
individuals with type II hypercholesterolaemia
and additional coronary risk factors,24 and in a
study involving 69 healthy subjects, policosanol
decreased the susceptibility of LDL cholesterol
to oxidation in vitro.25 Similar influences on
cholesterol with policosanol have been shown
in a trial involving 244 post-menopausal women
with hypercholesterolaemia.26

Newer studies have found that poli-
cosanol is effective, safe and well tolerated
in older patients with hypercholesterolaemia
and high coronary risk,27 in post-menopausal
women with hypercholesterolaemia,28 and
in older patients with hypertension and
hypercholesterolaemia.29 A dose of 40 mg poli-
cosanol was not found to offer any lipid-
lowering advantage over a dose of 20 mg
daily.30 In a study comparing policosanol with
mixtures of higher aliphatic primary alcohols,
policosanol was found to reduce LDL choles-
terol while the other mixtures did not.31 A study
evaluating the effect of policosanol with omega-
3 fatty acids found that the combination low-
ered LDL and total cholesterol and triglycerides
and raised HDL cholesterol.32 Another study
found that policosanol could provide additional
benefits in lowering blood pressure in people
taking beta-blockers.33

However, a Dutch study investigating poli-
cosanol from wheatgerm found that a dose of
20 mg daily had no beneficial effect on blood
lipids.34

A recent meta-analysis35 compared the effect
of policosanol with plant sterols and stanols
and found that policosanol is more effective for
LDL cholesterol reduction and more favourably
alters the lipid profile. A Bandolier review36

concluded that policosanol from Cuban sugar
cane reduces total and LDL cholesterol by an
amount equivalent to statins and has fewer,
less serious, adverse events. However, all the
Cuban trials show exactly the same 10–15%
reduction in total cholesterol regardless of
patient characteristics, duration of study
(although most were longer than 6 weeks) or
dose of policosanol. The inter-subject variation
in cholesterol lowering with statins is much
greater, making the policosanol results appear
quite strange.

A recent South African RCT investigated
the effect of a policosanol supplement (20 mg
daily) for 12 weeks on 19 subjects with hyper-
cholesterolaemia (some of whom had familial
hypercholesterolaemia). However, the supple-
ment had no significant effect on total or LDL
cholesterol compared with placebo.37 A further
trial has evaluated policosanol derived from
Cuban sugar cane in lipid outpatient clinics
and general practices in Germany. A total
of 143 patients with hypercholesterolaemia or
combined hyperlipidaemia were randomised to
receive policosanol 10, 20, 40 or 80 mg daily
or placebo. No statistically significant difference
between policosanol and placebo was observed
in lipid lowering.38

Intermittent claudication
The Cuban researchers have also investigated
the effect of policosanol in patients with
intermittent claudication. A 2-year study found
that policosanol 10 mg twice daily was more
effective in improving walking distance than
placebo.39 A further study comparing poli-
cosanol (10 mg daily) with lovastatin (20 mg
daily) found that policosanol (not lovastatin)
was effective in improving walking distance,40

while another study found policosanol (10 mg
twice a day) to be as effective as ticlopidine (now
discontinued in the UK) (250 mg three times a
day).41

Parkinson’s disease
Octacosanol has been evaluated in patients
with mild to moderate Parkinson’s disease.
In a double-blind crossover trial, 10 patients
received either 5 mg octacosanol or placebo
(both three times a day) for 6 weeks. Only
three patients improved significantly at the
study’s end. Some responded slightly or had no
disease progression during the study. Activities
of daily living and mood improved, but physical
endurance and parkinsonian symptoms did not.
One patient experienced dizziness and another
experienced exacerbation of dyskinesias. The
authors concluded that octacosanol might be
beneficial for patients with mild Parkinson’s
disease, but that the benefit is likely to be
small and less than that exerted by existing
treatments.42
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Amyotrophic lateral sclerosis
Anecdotally, octacosanol has been claimed to
improve symptoms of amyotrophic lateral scle-
rosis (AMS), but a placebo-controlled, double-
blind, crossover trial in which patients re-
ceived either 40 mg octacosanol or placebo for
3 months and were then crossed over showed no
difference between octacosanol and placebo.43

Athletes
Octacosanol is now being widely advertised for
enhancing performance in athletes, particularly
in the USA and Australia. However, there are
almost no supporting data.

One study in 33 male student athletes (20
controls, 13 supplemented) showed that sup-
plementation with a pack containing 29 sup-
plements including 2000 µg octacosanol was
associated with a decrease in body fat and in-
crease in muscle girth measurement, indicating
the formation of lean body mass. However, the
study was not blinded, the diet not controlled
and the pack contained a variety if supplements
in addition to octacosanol.44

Another study in 16 subjects (students and
lecturers in physical education) measured grip
strength, chest strength, and reaction time to
both auditory and visual stimuli. Following
supplementation with 1000 µg octacosanol for
8 weeks, only grip strength and reaction time to
visual stimuli were improved.45

Conclusion
A number of human studies have now
been conducted with policosanol and have
shown benefits in lipid lowering and platelet
aggregation compared with placebo. They
have also shown similar effects to various
lipid-lowering drugs. However, nearly all of
the studies have been conducted by one
research group in Havana, Cuba, and with
policosanol from Cuban sugar cane. They
have not been replicated outside Cuba or
using policosanol from other sources. There
is very little evidence that octacosanol is
useful for athletes.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of octacosanol in pregnancy and
breast-feeding. The effects are unknown, and
octacosanol is best avoided.

Adverse effects

None reported, but there are no long-term
studies assessing the safety of octacosanol.
In a trial investigating the effects of placebo
and policosanol, 5 mg, 10 mg and 20 mg daily,
policosanol was said by the authors to be well
tolerated with no disturbances of blood or clin-
ical biochemistry. Adverse effects were found
to be mild and transient with no differences
between the groups.46

Interactions

None reported. A study in rats investigated
the effect of adding policosanol to warfarin.
Policosanol did not enhance the prolongation
of bleeding time induced by warfarin alone.47

Dose

Octacosanol is available in the form of tablets
and capsules.

The dose is not established. Doses used in
studies have varied from 1 to 20 mg policosanol
daily.
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Pangamic acid

Description and nomenclature

An alternative name for pangamic acid is vita-
min B15, but it is not an officially recognised
vitamin. Pangamic acid is the name given
to a product originally claimed to contain
d-gluconodimethyl aminoacetic acid, which
was obtained from apricot kernels and later
from rice bran.

Constituents

The composition of supplements is un-
defined, but they may contain one or
more of the following substances: calcium
gluconate, glycine, N,N-dimethylglycine and
N,N-diisopropylamine dichloroacetate (N,N-
diisopropylamine dichloroacetate has pharma-
cological activity).

Dietary sources

Apricot kernels, brewer’s yeast, liver, wheat-
germ, bran and wholegrains.

Possible uses

Research by Soviet sports scientists focused
attention on pangamic acid, but very little

research has been done in other countries.
Pangamic acid is claimed to enhance athletic
performance and to be beneficial in CVD,
asthma and diabetes mellitus. Scientific studies
show no evidence of therapeutic efficacy for
pangamic acid.

Precautions/contraindications

Pangamic acid should not be taken at all, by
anyone.

Adverse effects

Pangamic acid may be mutagenic and thus
potentially able to cause cancer. It may cause
occasional transient flushing of the skin.

Interactions

None reported.

Dose

Pangamic acid should be avoided. Dietary sup-
plements are rarely available in UK high-street
outlets, but may be available on the Internet.
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Pantothenic acid

Description

Pantothenic acid is a water-soluble B complex
vitamin.

Human requirements

See Table 1 for Dietary Reference Values for
pantothenic acid.

Dietary intake

In the UK, the average adult diet provides 5.1 mg
daily.

Table 1 Dietary Reference Values for pantothenic acid (mg/day)

EU RDA = 6 mg

Age UK USA
FAO/WHO

Safe intake EVM AI TUL RNI

0–6 months 1.7 1.7 – 1.7
7–12 months 1.7 1.8 – 1.8
1–3 years 1.7 2.0 – 2.0
4–10 years 3–7 – – 3.014.02

4–8 years 3.0
9–13 years 4.0 –
Males and females
11–50+ years 3–7 200 – 5.0
14–70+ years 5.0 – –
Pregnancy – 6.0 – 6.0
Lactation – 7.0 – 7.0

1 4–6 years. 2 7–9 years.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level (not determined for pantothenic acid).

Action

Pantothenic acid functions mainly as a compo-
nent of coenzyme A and acyl carrier protein.
Coenzyme A has a central role as a cofactor
for enzymes involved in the metabolism of
lipids, carbohydrates and proteins; it is also
required for the synthesis of cholesterol, steroid
hormones, acetylcholine and porphyrins. As a
component of acyl carrier protein, pantothenic
acid is involved in various transfer reactions
and in the assembly of acetate units into longer-
chain fatty acids.
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Table 2 Dietary sources of pantothenic acid

Food portion Pantothenic acid
content (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.7
1 bowl Bran Flakes (45 g) 0.7
1 bowl Corn Flakes (30 g) 0.1
1 bowl muesli (95 g) 1.1
2 pieces Shredded Wheat 0.4
2 Weetabix 0.3

Cereal products
Bread, brown, 2 slices 0.2

white, 2 slices 0.2
wholemeal, 2 slices 0.4

1 chapati 0.1

Milk and dairy products
1/2 pint milk, whole,

semi-skimmed or skimmed
0.8

1 pot yoghurt (150 g) 0.6
Cheese (50 g) 0.2
1 egg, size 2 (60 g) 1.0

Meat and fish
Beef, roast (85 g) 0.5
Lamb, roast (85 g) 0.5
Pork, roast (85 g) 0.8
1 chicken leg portion 1.5
Liver, lambs, cooked (90 g) 7.0
Kidney, lambs, cooked

(75 g)
4.0

Fish, cooked (150 g) 0.5

Vegetables
1 small can baked beans (200 g) 0.4
Chickpeas, cooked (105 g) 0.3
Red kidney beans (105 g) 0.2
Peas, boiled (100 g) 0.1
Potatoes, boiled (150 g) 0.6
Green vegetables, average,

boiled (100 g)
0.2

Fruit
1 banana 0.5
1 orange 0.6

Nuts
30 peanuts 0.7

Yeast
Brewer’s yeast (10 g) 1.0

Excellent sources (> 1 mg/portion) (bold).

Dietary sources

See Table 2 for dietary sources of pantothenic
acid.

Metabolism

Absorption
Absorption occurs in the small intestine.

Distribution
Pantothenic acid is widely distributed in body
tissues (particularly in the liver, adrenal glands,
heart and kidneys), mainly as coenzyme A.

Elimination
About 70% is excreted unchanged via the urine
and 30% in the faeces.

Bioavailability

Bioavailability may be reduced by some drugs
(see Interactions) and a high fat intake, and
increased by a diet high in protein.

Deficiency

Deficiency has not been clearly identified in
humans consuming a mixed diet.

Possible uses

Pantothenic acid has been used for a wide
range of disorders such as acne, alopecia, aller-
gies, burning feet, asthma, grey hair, dandruff,
cholesterol lowering, improving exercise perfor-
mance, depression, osteoarthritis, rheumatoid
arthritis, multiple sclerosis, stress, shingles, age-
ing and Parkinson’s disease. It has been inves-
tigated in clinical trials for arthritis, cholesterol
lowering and exercise performance.

Arthritis
In an uncontrolled trial, patients treated with
pantothenate 12.5 mg twice a day showed a lim-
ited, variable improvement within 1–2 weeks of
therapy, which ended upon discontinuation of
therapy.1 In a double-blind, placebo-controlled
trial,2 94 patients with arthritis (of whom 27
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had rheumatoid arthritis) were randomised to
receive large doses of calcium pantothenate
(titrated up from 500 mg daily to 2000 mg
daily) or a placebo for 8 weeks. There was
no significant reduction in either group in
the duration of morning stiffness or disability,
but both groups experienced significant relief
from pain. When the subjects with rheumatoid
arthritis were analysed separately, the group
receiving pantothenate showed statistically sig-
nificant reduction in morning stiffness, disability
and pain compared with placebo.

Cholesterol lowering
A double-blind, placebo-controlled, crossover
study in 29 patients with various types of
dyslipidaemia found that 900 mg pantothenic
acid daily reduced total and LDL cholesterol in
type IIb hyperlipidaemia, with varying effects in
type IV patients.3

Exercise performance
Two double-blind, placebo-controlled studies
with pantothenic acid in runners4 and cyclists5

showed that pantothenic acid had no effect on
exercise performance.

Conclusion
Research is too limited to be able to make
recommendations for pantothenic acid.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems reported.

Adverse effects

No adverse effects, except for occasional diar-
rhoea, have been reported in humans. High
intake of pantothenic acid (and biotin and
riboflavin) with low intake of calcium, folate,
nicotinic acid, vitamin E, retinol and beta-

carotene, has been associated with increased
genome instability.6

Interactions

Drugs
Alcohol: excessive alcohol intake may increase
requirement for pantothenic acid.
Oral contraceptives: may increase requirement
for pantothenic acid.

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.

Dose

Pantothenic acid and calcium pantothenate are
available in the form of tablets and capsules,
but they are found mainly in multivitamin and
mineral preparations.

The dose is not established. Dietary supple-
ments contain up to 100 mg daily.
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Para-amino benzoic acid

Description and nomenclature

Para-amino benzoic acid (PABA) is a member of
the vitamin B complex, but is not an officially
recognised vitamin.

Dietary sources

Brewer’s yeast, liver, wheatgerm, bran and
wholegrains.

Possible uses

PABA is claimed to prevent greying hair and to
be useful as an anti-ageing supplement. It has
been used in digestive disorders, arthritis, in-
somnia and depression. There is no convincing
scientific evidence available.

A derivative of PABA is used topically as a
sunscreen agent; this is effective in the preven-
tion of sunburn.

Adverse effects

Toxicity is low, but high doses (>30 mg) may
cause anorexia, nausea, vomiting, liver toxicity,
fever, itching and skin rash.

Interactions

Sulphonamides: kill bacteria by mimicking
PABA; supplements containing PABA should be
avoided while taking these drugs.

Dose

PABA is available in the form of tablets and
capsules.

There is no established dose. Supplements are
not justified. Dietary supplements provide 100–
500 mg per dose.
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Phosphatidylserine

Description

Phosphatidylserine belongs to a class of fat-
soluble compounds called phospholipids. Phos-
pholipids are essential components of cell mem-
branes, with high concentrations found in the
brain. Phosphatidylserine is the most abundant
phospholipid in the brain.

Action

Phosphatidylserine helps to ensure fluidity, flex-
ibility and permeability in cell membranes. It
stimulates the release of various transmitters,
such as acetylcholine and dopamine, enhances
ion transport and increases the number of
neurotransmitter receptor sites in the brain.

Possible uses

Phosphatidyl serine is claimed to be useful
in enhancing memory, treating depression and
preventing age-related neurotransmitter defects.

Age-related cognitive decline
A double-blind, randomised, controlled study
was conducted in 42 hospitalised demented
patients, in which half the patients received
300 mg phosphatidylserine and the other half
placebo. The trial lasted for 6 weeks. Two
distinct rating scales were used: the Crighton
Scale and the Peri Scale. Results showed a trend
towards improvement in the treated patients
and analysis of covariance showed a significant
treatment effect on the Peri Scale. The results
at the end of treatment were compared with
results obtained 3 weeks later and there was
still a significant difference on the Peri Scale,

indicating (according to the authors) a drug-
related effect.1

The effects of phosphatidylserine on cog-
nitive, affective and behavioural symptoms
were studied in a group of elderly women
with depressive disorders. The treatment was
not blinded or randomised. Patients were
treated with placebo for 15 days followed by
phosphatidylserine (300 mg daily) for 30 days.
Changes in depression, memory and general
behaviour were measured according to four
different scales before and after placebo, and
after treatment. Depressive symptoms were
marked before placebo, did not change af-
ter placebo, and were significantly reduced
by phosphatidylserine treatment. There was
also improvement in memory (recall, long-term
retrieval), but there were no changes in plasma
levels of various neurochemicals.2

In a double-blind, placebo-controlled study,
149 patients with age-associated memory
impairment were treated with phosphatidylse-
rine 300 mg or placebo for 12 weeks. The
supplemented subjects improved relative to
placebo on performance tests related to learning
and memory tasks of daily life. Analysis of
subgroups showed that subjects who performed
at a relatively low level before treatment were
most likely to respond to phosphatidylserine.
The authors concluded that phosphatidylserine
may be a promising candidate for treating
memory loss in later life.3

In a double-blind, placebo-controlled study,
51 patients with probable Alzheimer’s disease
were treated with phosphatidylserine (300 mg
daily) or placebo for 12 weeks. Two rating
scales were used to assess the patients, and
after 12 weeks, the treated group improved on
three of the 12 variables on one scale and
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five of the 25 variables on the other scale.
Family members rated significant improvements
with phosphatidylserine after 6 and 9 weeks
but not at 12 weeks. The authors stressed that
phosphatidylserine could be helpful in patients
with early-stage disease, but might have no
effect in middle and later stages.4

In a double-blind, placebo-controlled, cross-
over study, 33 patients with mild primary
degenerative dementia received either phos-
phatidylserine 300 mg daily or placebo for
8 weeks. Clinical global rating scales showed
significantly more patients improving with
phosphatidylserine than placebo. However,
there were no significant improvements in
dementia rating scale or psychometric tests.5

In a double-blind, placebo-controlled study
494 elderly patients (aged 65–93 years) with
moderate to severe cognitive decline were ran-
domised to receive either phosphatidylserine
300 mg daily or placebo for 6 months. Sixty-
nine patients dropped out of the trial. Patients
were examined before the study, and 3 and
6 months after. Statistically significant improve-
ments in the treated group compared to placebo
were observed in terms of both behavioural and
cognitive parameters.6

Physical stress
In a double-blind trial, eight healthy men
underwent three experiments with a bicy-
cle ergometer. Before the exercise, each sub-
ject received intravenously 50 or 75 mg of
phosphatidylserine or placebo. Blood sam-
ples were collected before and after the
exercise and analysed for epinephrine, nor-
epinephrine, dopamine, adrenocorticotrophin,
cortisol, growth hormone, prolactin and glu-
cose. Physical stress induced a clear-cut
increase in plasma epinephrine, norepinephrine,
adrenocorticotrophic hormone (ACTH), corti-
sol, growth hormone and prolactin, whereas
no significant change was found in plasma
dopamine and glucose. Pretreatment with both
50 mg and 75 mg phosphatidylserine signifi-
cantly blunted the ACTH and cortisol responses
to physical stress.7

In a study using the same exercise protocol in
the same research centre, nine healthy men were
treated for three 10-day periods with placebo,
400 mg and 800 mg phosphatidylserine daily.

Oral phosphatidylserine rather than the intra-
venous formulation was used. Phosphatidyl-
serine 800 mg significantly blunted the ACTH
and cortisol responses to physical exercise. The
authors concluded that chronic oral adminis-
tration of phosphatidylserine might counteract
stress-induced activation of the hypothalamic-
pituitary-adrenal axis in men.8

Psychological stress
Recent research has investigated the effects of
phosphatidylserine on psychological stress. A
study assigned four groups of 20 subjects to
400 mg, 600 mg or 800 mg phosphatidylserine
complex (PAS) or placebo for 3 weeks, then
exposed them to the Trier Social Stress Test.
Treatment with 400 mg PAS resulted in a pro-
nounced blunting of both serum ACTH and
cortisol, but did not affect heart rate. The effect
was not seen with the larger doses of PAS. After
the test, the placebo group showed the expected
increased distress while the 400 mg PAS group
showed reduced distress. The authors concluded
that this study provides initial evidence of a
selective stress dampening effect of PAS on
the pituitary-adrenal axis, suggesting the poten-
tial for PAS in the treatment of stress-related
disorders.9

Conclusion
There is evidence from controlled trials
that phosphatidylserine improves memory
and other symptoms of cognitive decline in
elderly patients. There is also some limited
evidence that phosphatidylserine attenuates
the cortisol response to exercise. However,
this response is a natural phenomenon and
interfering with it could delay recovery
in athletes. Further research is required
to ascertain whether phosphatidylserine is
beneficial in athletes or not.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
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safety of phosphatidylserine in pregnancy and
breast-feeding.

Adverse effects

No known toxicity or side-effects, but there
are no long-term studies assessing the safety of
phosphatidylserine. There have been concerns
about phosphatidylserine supplements derived
from bovine brain tissue, because of concerns
about diseases such as bovine spongiform
encephalopathy (BSE), and supplements based
on soy have been developed. The two supple-
ments are slightly different and there has been
discussion about whether they have the same
level of efficacy. Most research to date has
been conducted with bovine-based supplements.
Preliminary research in animals suggests that the
effects are similar, but further work needs to be
done in this area.

Interactions

None reported.

Dose

Phosphatidylserine is available in the form of
tablets, capsules and powder.

The dose is not established. Doses used in
studies have been 300 mg daily in investigations
on cognitive function, and up to 800 mg daily in
studies on physical stress. Supplements provide
100–800 mg daily.
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Phytosterols

Description

Phytosterols are plant compounds found nat-
urally in the diet, with a similar chemical
structure to cholesterol. They are also added to
foods such as spreads, cream cheese, yoghurt,
salad dressings, bread and drinks. A small,
but increasing, number of food supplements in
the form of tablets and capsules also contain
them. Most phytosterols, like cholesterol, have
a double bond in the steroid nucleus, but they
contain an extra methyl or ethyl group in a side
chain. Their role in plants is to stabilise the
phospholipid bilayers in plant cell membranes,
as cholesterol does in animal cell membranes.

Constituents

There are more than 100 different phytosterols,
but the most abundant are the unsaturated com-
pounds sitosterol, campesterol and stigmasterol,
and the saturated compounds sitostanol and
campestanol. Clinical studies generally focus on
free phytosterols and phytosterol esters.1 Note:
the term phytosterol is used here to include both
the saturated (stanols) and the unsaturated plant
sterols.

Dietary intake

The daily dietary intake varies between 100 and
400 mg.1,2 However, plant sterol intake would
have been considerably higher 5–7 million years
ago, up to 1 g/day (because the intake of fruit,
vegetables and other plant foods was much
higher than it is today).

Absorption

Absorption efficiency for plant sterols in
humans is low, around 2–5%, which is

considerably less than that of cholesterol, which
is about 60%.2 The saturated stanols are less
well absorbed than the unsaturated sterols.
Percent absorption of β-sitostanol is <1% while
that of β-sitosterol is around 5%. However, the
stanols are as effective as the unsaturated sterols
in lowering serum cholesterol, but because
absorption of the former is lower, there is less
chance of adverse consequences.

Dietary sources

Phytosterols exist in all plant foods and are
mainly associated with the cell wall as structural
components. Vegetarians therefore consume
more phytosterols than do omnivores. Plant
foods with a high fat and/or fibre content (e.g.
oils, nuts, seeds and grains) are the most con-
centrated dietary sources.1 A US analysis of the
phytosterol content of nuts and seeds found that
sesame seeds and wheatgerm had the highest
concentration (>400 mg/100 g), followed by
pistachio nuts (279 mg/100 g), sunflower seeds
(270 mg/100 g), with English walnuts and Brazil
nuts having a lower content (113 mg/100 g
and 95 mg/100 g, respectively). Peanut butter
(smooth) contains 135 mg/100 g.3

Action

The cholesterol lowering effect of phytosterols
is well documented.1,2,4–10 At intakes of 2–2.5 g
daily, products enriched with phytosterol esters
lower plasma LDL cholesterol levels by 10–
14%.9 The phytosterol component of typical
diets is generally considered to be too small to
influence cholesterol absorption.

Phytosterols reduce blood levels of total
cholesterol and LDL cholesterol through
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reduction of cholesterol absorption,9 although
they may also influence cellular cholesterol
metabolism within intestinal enterocytes.9 The
reduction of cholesterol absorption by phyto-
sterols leads to increased synthesis of hep-
atic cholesterol. However, a reduction in LDL
cholesterol occurs because of up-regulation
of LDL receptor synthesis. Generally, phyto-
sterols have no effect on HDL cholesterol or
triglycerides.11

Plant stanol esters have been suggested to
be more effective in lowering cholesterol than
sterol esters. However, evidence for a significant
difference in efficacy between stanols and sterols
when they are esterified is limited.1 One trial
did find that the cholesterol-lowering effect of
plant sterol esters was attenuated between 1 and
2 months, while plant stanol esters maintained
their cholesterol-lowering efficacy.12 In this
same study, the effect of plant sterol esters after
2 months was not significantly different from
baseline. This was accompanied by an increase
in plasma plant sterols and a reduction in bile
acid synthesis, which results in attenuation of
cholesterol-lowering efficacy.13 One placebo-
controlled trial in 10 subjects with normal
lipid levels found that unesterified sitostanol is
more effective in reducing LDL cholesterol than
esterified sitostanol.14

Possible uses

Cholesterol lowering
Cholesterol lowering with free phytosterols and
phytosterol esters has been studied in more
than 60 human trials that have investigated
subjects with normal lipid levels, hypercholes-
terolaemia, familial hypercholesterolaemia and
diabetes mellitus. The mean reduction of LDL
cholesterol with an average dose of 2.4 g
daily is 9.9%.1 A meta-analysis in familial
hypercholesterolaemic subjects found that fat
spreads enriched with 2.3 ± 0.5 g phytosterols
daily reduced total cholesterol by 7–11% and
LDL cholesterol by 10–15% in 6.5 ± 1.9 weeks
compared to control treatment.10

Phytosterols seem to be effective against a
background of both low- and high-fat diets,
although some studies have found that they

are more effective when cholesterol intake is
high.15

Most studies have investigated the effect of
phytosterols administered in a fat spread vehi-
cle. A trial in an outpatient setting found that
routine prescription of 25 g daily spread con-
taining 2 g phytosterols is effective for manage-
ment of hypercholesterolaemia in this setting.16

However, giving phytosterols in other vehicles
such as low-fat milk,17–19 yoghurt,18,20,21 low-
fat cheese,21 orange juice,22 and in a lemon-
flavoured drink or egg white has also been
shown to reduce serum cholesterol.23 However,
other studies have suggested that phytosterols
added to non-fat and low-fat beverages are not
effective in modifying lipid levels.

Two trials have investigated the effect on
LDL cholesterol of phytosterols in tablet form.
A rapidly disintegrating stanol lecithin tablet
(1.26 g stanols daily) produced a decrease in
LDL cholesterol of 10.4% and a reduction in
the ratio of LDL to HDL cholesterol of 11.4%
in a trial involving 52 human subjects. On the
other hand, slowly disintegrating tablets had
no effect on any lipid paramenter.24 Another
trial in 26 patients following the American
Heart Association Heart Healthy Diet and on
long-term statin therapy found that 1.8 g daily
of dispersible soy stanols in tablet form reduced
LDL cholesterol by a further 9.1% (beyond
statins alone), providing evidence that stanol
tablets could offer potential adjunctive therapy
for patients who have not reached their target
LDL cholesterol goal during statin therapy.25

Although phytosterols favourably influence
total cholesterol and LDL cholesterol levels,
their effects on other indicators of CVD risk
have not been so intensively studied. One
trial showed that phytosterols could attenuate
exercise-induced beneficial increase in HDL
cholesterol,26 and another concluded that these
compounds have no effect on CHD risk.27

Miscellaneous
Phytosterols have been studied in vitro
and in animals for other activity, including
anti-atherogenic activity, anti-cancer activity,
antioxidant activity and anti-inflammatory ac-
tivity. Results are promising but require confir-
mation in controlled clinical trials in humans.
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Conclusion
The cholesterol-lowering effect of phyto-
sterols is well documented. At intakes of
2–2.5 g daily products enriched with phy-
tosterol esters lower plasma LDL cholesterol
levels by 10–14%. The mean reduction in
LDL cholesterol with an average dose of
2.4 g daily is 9.9%. Despite the cholesterol-
lowering effect, the benefit of phytosterols
in reducing cardiovascular risk remains to
be proven. Whether stanol esters or sterol
esters are the most beneficial is debatable
and more evidence is required. Most studies
have investigated the effect of phytosterols
given in fat spreads. However, there is
evidence that these compounds can also
lower cholesterol if given in the form of
milks, yoghurts, orange juice and low-fat
cheese. Preliminary evidence from trials
incorporating phytosterols in tablets have
also demonstrated efficacy in cholesterol
lowering, but the formulation must be well
dispersible. There is preliminary evidence
that phytosterols may have activity against
cancer.

Precautions/contraindications

There are a few people with rare genetic defects
such as phytosterolaemia, who are susceptible
to high phytosterol intakes.2 The impact of
phytosterols in these people is unknown, but
there is increased absorption of phytosterols,
which may lead to increased atherosclerosis as
cholesterol does and also to cell fragility. In
addition, the larger number of people who are
heterozygous for such conditions may also have
some increased susceptibility to high phytosterol
intakes.

There are no data in children under 5 years
with normocholesterolaemia. It would seem
prudent, pending such data, to caution against
the use of phytosterols in children because
of the potential risk of reduced absorption
of fat-soluble nutrients. Phytosterols have the
same cholesterol-lowering effect in hypercholes-
terolaemic children as in hypercholesterolaemic
adults.

Pregnancy and breast-feeding

There are no long-term data in pregnancy and
breast-feeding.

Adverse effects

Within the range of intake that causes desirable
reduction in blood levels of cholesterol and
LDL cholesterol, phytosterols are thought to be
clinically safe.2 However, because phytosterols
reduce the absorption of cholesterol it has been
suggested that they might reduce the absorp-
tion of other lipid-soluble substances such as
carotenoids (e.g. beta-carotene and lycopene)
and vitamin E. The clinical evidence is contro-
versial, with some studies showing that plant
sterols do reduce blood levels of carotenoids
and vitamin E, while other studies show no
effect.2 It would seem prudent to advise patients
to consume five portions of fruit and vegetables
daily and to include one carotenoid-rich source.

Interactions

Drugs
Statins: in theory, combination treatment of
statins and phytosterols could have an additive
effect on reduction of LDL cholesterol, because
phytosterols and statins have different mecha-
nisms of action. A review including five trials
of combination therapy found that the addition
of phytosterols reduced LDL cholesterol by
a further 4.5% per gram of phytosterols.1 A
tablet containing stanols further reduced LDL
cholesterol in patients taking statins by 9.1%.25

Nutrients
Lipid-soluble nutrients: in theory, phytosterols
could reduce the absorption of lipid-soluble
substances such as carotenoids and vitamin E,
but evidence for this is conflicting.

Dose

Doses of phytosterols used in clinical studies
have varied between 1 and 3 g daily (free
sterol/stanol equivalent). In 2003, the Food
and Drug Administration (FDA) stated that the
science (as of January 2003) showed that the
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lowest effective daily intake of free phytosterols
is 800 mg daily. The mean reduction of LDL
cholesterol with an average dose of 2.4 g daily is
9.9%.1 Few studies have looked at higher doses,
but the reduction in cholesterol seems to plateau
at doses >3 g daily. Further research is needed
to identify the optimal dose of phytosterols, the
relative efficacy of phytosterols in different pop-
ulations, and the efficacy of these compounds
when incorporated into different foods (other
than fat spread) and tablet formulations.
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Potassium

Description

Potassium is an essential mineral.

Human requirements

See Table 1 for Dietary Reference Values for
potassium.

Dietary intake

In the UK, the average adult diet provides: for
men, 3279 mg daily; for women, 2562 mg.

Table 1 Dietary Reference Values for potassium
(mg/day)

EU RDA = none

Age UK
USA minimum

LRNI RNI requirement1

0–3 months 400 800 500
4–6 months 400 850 500
7–9 months 400 700 700
10–12 months 450 700 700
1–3 years 450 800 1000
4–6 years 600 1100 1400
7–10 years 950 2200 1600
11–14 years 1600 3100 2000
15–50+ years 2000 3500 2000
Pregnancy ∗ ∗ ∗
Lactation ∗ ∗ ∗

∗ No increment.
1 Desirable intakes may exceed these values.

Note: No EAR has been derived for potassium.

Action

Potassium is the principal intracellular cation,
and is fundamental to the regulation of acid–
base and water balance. It contributes to trans-
mission of nerve impulses, control of skeletal
muscle contractility and maintenance of blood
pressure.

Dietary sources

See Table 2 for dietary sources of potassium.

Metabolism

Absorption
Absorption occurs principally in the small
intestine.

Elimination
Excretion is mainly via the urine (the capacity
of the kidneys to conserve potassium is poor);
unabsorbed and intestinally-secreted potassium
is eliminated in the faeces; some is lost in saliva
and sweat.

Deficiency

Potassium deficiency leads to hypokalaemia,
symptoms of which include anorexia, nausea,
abdominal distension, paralytic ileus; muscle
weakness, reduced or absent reflexes, paraly-
sis; listlessness, apprehension, drowsiness, irra-
tional behaviour; respiratory failure; polydyp-
sia, polyuria; and cardiac arrhythmias.

Possible uses

Hypertension
Potassium may lower blood pressure,1,2 but
there is evidence for a stronger relationship
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Table 2 Dietary sources of potassium

Food portion
Potassium
content (mg) Food portion

Potassium
content (mg)

Breakfast cereals Vegetables
1 bowl All-Bran (45 g) 450 Green vegetables, average, boiled (100g) 100–200
1 bowl Bran Flakes (45 g) 250 Potatoes, boiled (150 g) 450
1 bowl Corn Flakes (30 g) 30 baked (150 g) 950
1 bowl muesli (95 g) 500 1 small can baked beans (200 g) 600
2 pieces Shredded Wheat 150 Lentils, kidney beans or other pulses,

cooked (105 g)
300

2 Weetabix 150 Soya beans, cooked (100 g) 500
Cereal products Mixed vegetable curry (300 g) 1250
Bread, brown, 2 slices 100 Fruit

white, 2 slices 70 1 apple 100
wholemeal, 2 slices 160 8 dried apricots 600

1 chapati 110 1 banana 350
Pasta, brown, boiled (150 g) 200 1/2 cantaloupe melon 750

white, boiled (150 g) 40 10 dates 300
Rice, brown, boiled (165 g) 150 4 figs 600

white, boiled (165 g) 80 1 orange 300
Milk and dairy products 1 handful raisins 350
1/2 pint milk, whole, semi-skimmed or

skimmed
400 Nuts

1 pot yoghurt (150 g) 370 20 almonds 150
Cheese (50 g) 50 10 Brazil nuts 200
1 egg, size 2 (60 g) 50 30 hazelnuts 250
Meat and fish 30 peanuts 200
Meat, cooked (100 g) 200–300 Beverages
Liver, lambs, cooked (90 g) 300 1 mug hot chocolate 350
Kidney, lambs, cooked (75 g) 250 1 mug Build-Up 700
White fish, cooked (150 g) 400–500 1 mug Complan (sweet) 600
Herring or mackerel (110 g) 460 1 mug Horlicks 600
Pilchards, canned (105 g) 450 1 large glass grapefruit juice 200
Sardines, canned (70 g) 300 1 large glass orange juice 300

1 large glass tomato juice 460

Good sources (italics).

of the sodium to potassium ratio to blood
pressure than potassium alone.3 Several other
minerals (see Calcium and Magnesium) may
affect blood pressure, and dietary measures to
reduce blood pressure might be more effective
if the intake of several minerals is changed
simultaneously.

There is some evidence from double-
blind, placebo-controlled trials that potas-
sium supplementation (1500–3000 mg daily)

can lower blood pressure in normotensive4,5

and hypertensive6 individuals, but another trial
failed to show any benefit.7

Precautions/contraindications

Excessive doses are best avoided in patients with
chronic renal failure (particularly in the elderly);
gastrointestinal obstruction or ulceration;
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peptic ulcer; Addison’s disease; heart block;
severe burns; and acute dehydration.

Pregnancy and breast-feeding

No data are available on potassium supplements
in pregnancy. They should be avoided.

Adverse effects

Nausea, vomiting, diarrhoea and abdominal
cramps may occur, particularly if potassium is
taken on an empty stomach. Modified-release
preparations may cause gastrointestinal ulcer-
ation. Hyperkalaemia is almost unknown with
oral administration provided renal function is
normal. Intakes exceeding 17 g daily (unlikely
from oral supplements) would be required to
cause toxicity.

Interactions

Drugs
ACE inhibitors: increased risk of hyper-
kalaemia.
Carbenoxolone: reduced serum potassium
levels.
Corticosteroids: increased excretion of potas-
sium.
Cyclosporin: increased risk of hyperkalaemia.
Laxatives: chronic use reduces absorption of
potassium.
Loop diuretics: increased risk of hypokalaemia
(but potassium supplements seldom necessary
with small dose of diuretic).
NSAIDs: increased risk of hyperkalaemia.
Potassium-sparing diuretics: increased risk of
hyperkalaemia.

Thiazide diuretics: increased risk of hypo-
kalaemia (but potassium supplements seldom
necessary with small dose of diuretic).

Dose

Mild deficiency, oral, 1500–4000 mg daily, with
plenty of fluid (liquid preparations should be
diluted well).

As a dietary supplement, no dose has been
established.
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Probiotics and prebiotics

Description
A probiotic is a live microbial food supplement
that beneficially affects the host animal by
improving its intestinal microbial balance.1,2

For human adult use, this includes fermented
milk products and over-the-counter products,
such as powders, tablets and capsules that con-
tain lyophilised bacteria. The micro-organisms
involved are usually producers of lactic acid,
such as lactobacilli and bifidobacteria, which
are widely used in yoghurt and dairy prod-
ucts. However, yeasts have also been used
(Table 1).3,4 These microbes are non-pathogenic
and survive passage through the stomach and
small bowel.

A prebiotic is a non-digestible food ingre-
dient, which beneficially affects the host by
selectively stimulating the growth, activity, or
both, of one or a limited number of bacterial
species already resident in the colon.5 Prebiotics
are not digested by intestinal enzymes, instead
passing through the upper gastrointestinal tract
to the colon where they are selectively used as
fuel by beneficial bacteria.

Although any food residue entering the colon
is a potential prebiotic candidate, it is the
influence of the food residue on certain specific
microbes that is important. Lactulose was used
more than 40 years ago as a prebiotic infant
formula food supplement to increase numbers
of lactobacilli in the infant intestine,6 but
the specificity of this substrate for enhancing
these micro-organisms has not been effectively
proven scientifically. In humans, consumption
of fructo-oligosaccharides increases the propor-
tion of bifidobacteria in faeces.7 Similar effects
have been observed in rats fed with galacto-
oligosaccharides and colonised with human
faecal flora.8

Table 1 Examples of commonly used probiotics
and prebiotics4,5

Probiotics Prebiotics

Lactobacilli Fructo-
oligosaccharides

L. acidophilus Galacto-
oligosaccharides

L. casei Inulin
L. delbrueckii subsp.

bulgaricus
Lactulose

L. reuteri Lactitol
L. brevis
L. cellobiosus
L. curvatus
L. fermentium
L.plantarum
L. gasseri
L. rhamnosus

Gram-positive cocci
Lactococcus lactis subsp.

cremoris
Streptococcus salivarius

subsp. thermophilus

Enterococcus faecium
S. diacetylactis
S. intermedius

Bifidobacteria
B. bifidum
B. adolescentis
B. animalis
B. infantis
B. longum
B. thermophilum

Yeasts
Saccharomyces boulardii
S. cerevisiae
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Possible uses

The possible benefits to health of probiotics and
prebiotics are to:
� prevent and treat diarrhoea;
� alleviate lactose intolerance;
� prevent and treat vaginal infections;
� enhance the immune system;
� treat allergic conditions;
� lower serum cholesterol; and
� prevent cancer and tumour growth.

Acute diarrhoea
There is a relatively large volume of literature
supporting the use of probiotics in diarrhoeal
conditions, but it is only recently that the
scientific basis for this has started to become
established, with the publication of a number
of respectable clinical studies. Probiotics have
been examined for their effectiveness in the
prevention and treatment of several types of
diarrhoea, including antibiotic-associated diar-
rhoea, bacterial and viral diarrhoea (including
travellers’ diarrhoea), as well as that caused by
lactose intolerance. The effects of probiotics,
particularly with some bacterial strains and in
some types of diarrhoea, appears promising,
but the effects of prebiotics on diarrhoea are
currently unknown.

Various mechanisms by which probiotics
could be of benefit in diarrhoea have been pro-
posed and summarised in two reviews.9,10 These
include reduction in gastrointestinal pH through
stimulation of lactic acid-producing bacteria;
a direct antagonistic action on gastrointesti-
nal pathogens; competition with pathogens for
binding and receptor sites; improved immune
function and competition for limited nutrients.

A detailed review11 of all placebo-controlled
human studies supplementing Lactobacillus aci-
dophilus, Bifidobacterium longum, L. casei
GG and other selected micro-organisms from
1966 to 1995 concluded that: “these studies
have shown that biotherapeutic agents have
been used successfully to prevent antibiotic-
associated diarrhoea, to prevent acute infantile
diarrhoea, to treat recurrent Clostridium diffi-
cile disease, and to treat various other diarrhoeal
illnesses.” The authors also noted that many of
the studies included small numbers of subjects.

A more recent systematic review concluded
that available evidence does not support the
administration of probiotics with antibiotics to
prevent the development of C. difficile disease
and is inadequate to justify its introduction as
a treatment for C. difficile antibiotic-associated
disease (at the McGill University Health Centre,
where the study was conducted).12 A meta-
analysis of six RCTs found that the probiotic,
Saccharomyces boulardii, significantly reduced
the risk of C. difficile disease, but was the only
probiotic that was effective.13

Evidence for a beneficial effect of probi-
otics in diarrhoea appears to be strongest for
that caused by rotavirus. Rotavirus infection
causes gastroenteritis, which is characterised by
acute diarrhoea and vomiting. Gastroenteritis
is a leading cause of morbidity and mortality
among children worldwide. A review of studies
that used Lactobacillus, Bifidobacterium and
Enterococcus concluded that Lactobacillus GG
(a Lactobacillus strain isolated from human
intestine) consistently shortened the diarrhoeal
phase of rotavirus by 1 day,14 but that evidence
was less strong for a role of Lactobacillus
GG and other probiotics in the prevention
of diarrhoea due to bacterial or other viral
infections. A recent RCT showed no positive
effect of Lactobacillus GG on the clinical course
of watery diarrhoea in infants.15

A systematic review of 10 RCTs (treatment)
and three RCTs (prevention) concluded that
probiotics significantly reduced the duration of
acute infectious diarrhoea in infants and chil-
dren, especially diarrhoea caused by rotavirus.
No conclusions could be reached about the use
of probiotics in the prevention of diarrhoea,
because of clinical and statistical heteroge-
neity among the studies.16 A meta-analysis of
18 RCTs confirmed the efficacy of probiotic
supplements in reducing duration of symptoms
among children up to 5 years old with acute,
non-bacterial diarrhoea. Probiotics, particularly
lactobacilli, reduced the duration of an acute
diarrhoeal episode in an infant or child by
approximately 1 day.17 A further meta-analysis
involving nine trials that had used Lactobacillus
in children with acute infectious diarrhoea
found a reduction in diarrhoea duration of
0.7 days and a reduction in diarrhoea frequency
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of 1.6 stools on day 2 of treatment in partici-
pants receiving lactobacilli.18

The role of probiotic bacteria in the preven-
tion of and treatment of paediatric diarrhoea is
increasingly well established, but their role in
adults has been less well investigated. However,
an RCT involving 541 young men found a non-
significant trend for reduction in the incidence
of diarrhoea with yoghurt containing L. casei
compared with placebo.19

A Cochrane review involving 23 studies
found that probiotics reduced the risk of diar-
rhoea (in adults and children) at 3 days (RR
0.66; 95% CI, 0.55 to 0.77; 15 studies) and the
mean duration of diarrhoea by 30.48 h (95%
CI, 18.51 to 42.46; 12 studies). The authors
concluded that probiotics appear to be a useful
adjunct to rehydration therapy in treating acute
infectious diarrhoea in adults and children and
that more research is needed to identify the
use of particular probiotic regimens in specific
patient groups.20

Further trials have continued to show en-
couraging results. L. rhamnosus 19070-2 and L.
reuteri DSM 12246 ameliorated acute diarrhoea
in hospitalised children21 and in children from
day-care centres,22 and reduced the period of
rotavirus excretion. The beneficial effects were
most prominent in children treated early in
the diarrhoeal phase. B. lactis strain Bb1223 or
B. breve C50 with S. thermophilus 06524 or
L. reuteri with B. lactis,25 added to an infant
formula appear to have some protective effect
against acute diarrhoea in healthy children. S.
boulardii significantly reduced the duration of
acute diarrhoea and the duration of hospital
stay in children with acute diarrhoea.26 The
feeding of a cereal containing S. thermophilus,
B. lactis, L. acidophilus and zinc reduced the
severity and duration of acute gastroenteritis in
young children, but whether the combination
is better than either probiotics or zinc alone
is unknown.27 Administration of L. rhamnosus
strains shortened the duration of rotaviral diar-
rhoea in children but not of diarrhoea of any
aetiology.28

Travellers’ diarrhoea
The prevention of travellers’ diarrhoea by
lactobacilli, bifidobacteria, enterococci and

streptococci has been investigated in several
studies, but results have been inconsistent.
In a double-blind, placebo-controlled trial,
820 Finnish travellers to two holiday re-
sorts in Turkey were randomised to receive
either Lactobacillus GG or placebo.29 The
overall incidence of diarrhoea was 43.8%.
Of the 331 sufferers, 178 (46.5%) were in
the placebo group and 153 (41%) were in
the Lactobacillus group, but the difference
was not significant. However, in one of the
resorts, the treatment significantly reduced
the incidence of diarrhoea from 39.5% (30
out of 76) in the placebo group to 23.9% (17
out of 71) in the treatment group. In another
study involving 245 travellers to developing
countries, the risk of diarrhoea on any one
day in travellers who took Lactobacillus GG
was 3.9% compared with 7.4% in the control
group.30

In another study, the incidence of diarrhoea
was reduced from 71% to 43% in travellers
to Egypt who were given capsules of S. ther-
mophilus, L. bulgaricus, L. acidophilus and B.
bifidum.31 However, neither L. acidophilus nor
Enterococcus faecium had any beneficial effects
on diarrhoea in groups of Austrian tourists.32

In addition, no effect of L. acidophilus or L.
fermentum was observed in soldiers who were
sent to Belize in Central America,33 and it
seems that the effect of probiotics on travellers’
diarrhoea depends on the bacterial strain used
and the destination of the traveller.14

Antibiotic-associated diarrhoea
Diarrhoea caused by the growth of pathogenic
bacteria is the most common side-effect of anti-
biotic use, and in vitro studies have shown that
some bacterial strains can inhibit this growth.
Lactobacillus GG (in yoghurt) reduced the
incidence and duration of diarrhoea in healthy
men receiving erythromycin for 7 days,34 and
successfully eradicated C. difficile in five
patients with relapsing colitis.35 A recent meta-
analysis of six trials evaluating the efficacy of
Lactobacillus GG found that four of the trials
were associated with a significant reduction
in the risk of antibiotic-associated diarrhoea,
one of the trials reduced the number of days
of antibiotic-associated diarrhoea, while the
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sixth trial found no benefit with Lactobacillus
GG.36Lactobacillus F19 had a limited effect
on the emergence of resistant isolates during
treatment with penicillin and quinolones.37 S.
boulardii has been shown to reduce the risk of
antibiotic-associated diarrhoea in children.38

Enterococcus SF68 reduced the incidence
of diarrhoea caused by antibiotics,39 whereas
studies with L. acidophilus40,41 have provided
no conclusive evidence of benefit with this strain
in prevention of diarrhoea caused by antibiotics.
A daily dose of B. lactis and Streptococcus ther-
mophilus has been shown to prevent antibiotic-
associated diarrhoea.42

A meta-analysis of nine RCTs suggested that
probiotics can be used to prevent antibiotic-
associated diarrhoea, and that both S. boulardii
and lactobacilli have the potential for benefit
in this situation. However, the meta-analysis
also concluded that the efficacy of probiotics in
treating antibiotic-associated diarrhoea remains
unproven.43 A further meta-analysis that in-
cluded seven RCTs also suggested that probiotic
supplements were associated with a significant
decrease in the incidence of antibiotic-associated
diarrhoea, while concluding that evidence of
benefit is not conclusive, partly because of poor
study design.44 A further meta-analysis of five
RCTs found that S. boulardii is moderately ef-
fective in preventing antibiotic-associated diar-
rhoea in children and adults treated with anti-
biotics for any reason (mainly respiratory tract
infections). In this meta-analysis, for every
10 patients receiving daily S. boulardii with
antibiotics, one fewer would develop antibiotic-
associated diarrhoea.45 A more recent meta-
analysis including 25 RCTs found that probi-
otics significantly reduced the relative risk of
antibiotic-associated diarrhoea (RR 0.43; 95%
CI, 0.31 to 0.58, P < 0.001). Three types of
probiotics were associated with this benefit:
S. boulardii, L. rhamnosus GG and probiotic
mixtures.46

Lactose intolerance
Lactose intolerance is a problem for a large pro-
portion of the world’s population for whom lac-
tose acts like an osmotic non-digestible carbo-
hydrate because they have a low amount
of intestinal lactase. During fermentation of

yoghurt and acidophilus milk, lactobacilli pro-
duce lactase that hydrolyses lactose to glucose
and galactose. This pre-digestion of lactose
could potentially reduce the symptoms asso-
ciated with lactose intolerance in susceptible
individuals, and probiotics have been shown
to improve lactose digestion and intolerance
in some studies47,48 but not others.49 A sys-
tematic review assessing the efficacy of oral
probiotics in adults with lactose intolerance
found that probiotics did not alleviate the signs
and symptoms of this condition, but that specific
strains, concentrations and preparations may
be effective.50 Further trials of specific strains
and concentrations are necessary to clarify this
potentially beneficial effect.

Vaginal infections
One of the claims frequently made for probi-
otics, specifically for L. acidophilus, is that they
can prevent vaginal infections. The conclusions
of a review were that there was evidence (albeit
limited) for L. acidophilus in the prevention of
candidal vaginitis.51

In a double-blind, controlled, crossover trial
of 46 women with a history of vaginal infec-
tions, participants were randomised to receive
either L. acidophilus yoghurt (150 ml daily)
containing live organisms or pasteurised yo-
ghurt (150 ml daily) for 2 months each with a
2-month washout period between interventions.
However, only seven subjects completed the
whole study, and the reason for the high
drop-out rate was not explained. The yoghurt
containing live organisms was associated with
a significant reduction in episodes of bacte-
rial vaginosis. Both yoghurts were associated
with a decrease in candidal vaginitis, but
there was no significant difference between the
treatments.52 A more recent RCT investigated
the effect of Lactobacillus preparations taken
orally or vaginally, or both, on vulvovagin-
itis following antibiotic treatment for a non-
gynaecological infection. The study involved
235 Australian women aged 18–50 years. Over-
all 55/235 women developed post-antibiotic
vulvovaginitis, but neither oral nor vaginal
Lactobacillus treatment influenced the incidence
of this condition compared with placebo.53 At
this time, the use of oral or vaginal forms of
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Lactobacillus is not supported by evidence from
RCTs.

Immunity
The colonic microflora affects systemic and
mucosal immunity in the host. Probiotics
are claimed to stimulate the immune sys-
tem and preliminary evidence suggests that
these substances could increase the immune
response.54–57 An RCT involving 136 university
students under examination stress (which has
been associated with a suppressed immune re-
sponse) were given milk fermented with yoghurt
cultures plus L. casei or a placebo of semi-
skimmed milk for 3 weeks prior to and during
the 3-week exam period. The fermented milk
modulated the number of lymphocytes and
CD56 cells, indicating an effect on the immune
system.58 In another human trial, a fermented
product containing two probiotic strains (L.
gasser CECT 5714, L. coryniformis CECT
5711) increased the proportion of phagocytic
cells (monocytes and neutrophils) as well as
their phagocytic activity, and increased the
proportion of natural killer cells and IgA con-
centrations. The fermented product enhanced
immunity to a greater extent than a standard
yoghurt.59 L. casei has been associated with pos-
itive effects on immune competence in middle-
aged people.60,61

Allergic conditions
Recent research interest has focused on the
potential role of probiotics in various conditions
known to have an allergic component. There is
evidence that Lactobacillus GG62 and Bifido-
bacterium Bb-1263 could improve symptoms in
infants with atopic eczema. A combination of
L. rhamnosus 19070–2 and L. reuteri DSM
12246064 and supplementation with the pro-
biotic L. fermentum VRI-033 PCC65 has also
been found to be effective in the management of
atopic dermatitis. The benefits associated with
Lactobacillus GG in atopic eczema/dermatitis
have been observed to a greater extent in infants
who are sensitised to immunoglobulin-E (Ig-
E) than those who are non-IgE-sensitised.66

Impairment of the intestinal mucosal barrier
appears to be involved in the pathogenesis
of atopic dermatitis and there is evidence

that probiotic supplementation can stabilise the
intestinal barrier function.67

Clinical studies also suggest that probiotics
could be effective in the primary prevention
of atopic disease. In infants at high risk of
atopic disease, administration of probiotics to
their mothers prenatally68,69 and during breast-
feeding70 has been shown to prevent atopic
disease, particularly eczema.

There is also preliminary evidence that fer-
mented milk containing L. paracasei LP-33 can
improve the quality of life of patients with
allergic rhinitis and may serve as an alternative
treatment.71,72

Cardiovascular disease
Probiotics have been evaluated for a potential
effect on serum cholesterol and other cardiovas-
cular risk factors. The influence of probiotics
on serum cholesterol levels is the subject of
controversy. Studies in the 1970s and 1980s
frequently reported significant reductions in
serum cholesterol with daily consumption of
fermented milk, but these studies have been crit-
icised on methodological grounds, including the
fact that in most of the studies showing positive
results, large volumes of yoghurt (0.5–8.4 L)
were consumed.73 Two controlled trials have
shown that yoghurt (200 ml daily) containing
live cultures of L. acidophilus74 or yoghurt
(375 ml daily) fermented with L. acidophilus
with added fructo-oligosaccharides75 (prebi-
otic) reduced serum cholesterol by 2.9% and
4.4%, respectively. Another study indicated that
inulin (a prebiotic) may also lower cholesterol.76

A further study found that the probiotic B.
longum resulted in a significant reduction in
serum total cholesterol in subjects with mod-
erate hypercholesterolaemia,77 while a yoghurt
enriched with L. acidophilus and B. longum,
and oligofructose (a synbiotic) increased serum
HDL cholesterol and led to an improvement in
the ratio of LDL:HDL cholesterol.78

However, a trial in post-menopausal women
found that probiotic capsules containing bac-
teria L. acidophilus and B. longum had no
effect on cholesterol either independently or
in addition to soy.79 A further trial in 80
volunteers with raised cholesterol found no
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effect of capsules containing freeze-dried L.
acidophilus for 6 weeks on serum lipids.80

Probiotics have also been associated with
a reduction in blood pressure81,82 and other
cardiovascular risk factors (e.g. fibrinogen,
monocyte adhesion and pro-inflammatory
markers).81

Helicobacter pylori infection
Probiotics are being investigated for potential
benefit in reducing H. pylori colonisation and
also in reducing the side-effects associated with
H. pylori treatment. Ingestion of a product
containing Lactobacillus La183 and in another
study a yoghurt containing Lactobacillus and
Bifidobacterium,84 inhibited H. pylori coloni-
sation. Supplementation with L. casei85 and S.
boulardii86 conferred an enhanced therapeutic
benefit on H. pylori eradication in subjects on
triple therapy. A 4-week pretreatment with a
yoghurt containing Lactobacillus and Bifido-
bacterium reduced H. pylori load, improving
eradication rate with quadruple therapy, after
triple therapy had failed.87

B. clausii reduced the incidence of the most
common side-effects related to H. pylori anti-
biotic therapy.88 L. casei supplementation has
also been shown to reduce the side-effects
of 10-day quadruple therapy and result in a
slight improvement in eradicating H. pylori.89

In another study, a range of probiotics (Lacto-
bacillus GG, S. boulardii, a combination of
Lactobacillus spp. and bifidobacteria) were
found to be superior to placebo for side-effect
prevention.90 A further study also showed that
a probiotic supplement improved tolerance to
the eradication regimen.91

A systematic review concluded that regular
intake of probiotics may be a useful alterna-
tive for populations at high risk of H. pylori
colonisation.92

Irritable bowel syndrome
Recent research has investigated the potential
benefit of probiotics in IBS. A double-blind RCT
in 40 patients found that L. plantarum 299V
was associated with resolution of abdominal
pain and a trend towards normalisation of
stool frequency in constipated patients.93 In
another study, however, the same probiotic

had no apparent benefit in patients with IBS
and no influence on colonic fermentation.94

In a further study, short-term therapy with
L. plantarum LP01 and B. breve BR03 or
L. plantarum LP01 and L. acidophilus LA02
reduced the pain score and severity of char-
acteristic IBS symptoms.95 B. infantis 35624
was associated with a significant reduction in
abdominal pain/discomfort, bloating/distension
and bowel movement difficulty. This response
was associated with normalisation of the ratio
of an anti-inflammatory to a pro-inflammatory
cytokine, suggesting an immune-modulating
role for this organism in IBS.96 Lactobacillus
GG has been associated with a lower incidence
of perceived abdominal distension (but no other
symptomatic differences)97 and a probiotic
combination (VSL#3) with reduced flatulence
and slower colonic transit in patients with
IBS and bloating.98 However, L. reuteri was
not associated with significant improvement
in IBS symptoms compared with placebo.99

Two further controlled trials using probiotic
mixtures100,101 demonstrated reduction in IBS
symptoms.

Crohn’s disease
Human trial evidence for probiotics in Crohn’s
disease is generally not positive so far. Among
five controlled trials to date,102–106 only one
has shown potentially positive effects of S.
boulardii in the maintenance treatment of
Crohn’s disease.102

Ulcerative colitis
The evidence base for probiotics in ulcerative
colitis is broader than that for Crohn’s dis-
ease and generally more encouraging. Three
placebo-controlled RCTs showed significant
clinical improvement,107–109 while other studies
reported that probiotics (or prebiotics) were at
least as effective as conventional treatment in
reducing symptoms, obtaining remission and
preventing relapse.110–115

Osteoporosis
There is some evidence that prebiotics (inulin
and oligofructose) can improve calcium
absorption,116–118 and this effect could enhance
BMD with a consequent reduction in the risk
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of osteoporosis. However, there are no human
studies with prebiotics assessing the risk of
osteoporosis.

Respiratory tract infections
Regular intake of probiotics may reduce nasal
colonisation with pathogenic bacteria.119 There
is also evidence that intake of probiotic bacteria
over at least 3 months shortens common cold
episodes.120

Miscellaneous
Probiotics are being evaluated in a number
of other conditions, including constipation,
prevention of colorectal cancer, rheumatoid
arthritis and other disorders of the immune
system. Results from research are promising
but await confirmation from controlled clinical
trials.

Conclusion
The colonic microflora is important to health,
and modification of the bacterial species
inhabiting the large bowel – using probiotics
and prebiotics – has been suggested to
produce potential heath benefits. There are
a growing number of published papers on
the use of both probiotics and prebiotics,
and although they show ability to alter the
colonic microflora, evidence that they can
reduce the risk of diseases is more limited.
This may in part be because of differences in
methodology, particularly the large number
of different strains that have been used.
The evidence for an effect of probiotics in
acute diarrhoea appears to be greatest for
rotavirus infection. Study results in travellers’
diarrhoea have been inconsistent. Probiotics
can be effective in preventing antibiotic-
associated diarrhoea. There is also some
evidence that probiotics can improve lactose
intolerance, boost immunity, prevent vaginal
infections and lower serum cholesterol, but
further research is required. Moreover there
is, as yet, no conclusive evidence that either
prebiotics or probiotics can prevent cancer
in humans.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No known problems.

Adverse effects

Probiotics have a long history of apparently safe
use.121,122 However, they can exert potentially
powerful immune effects so caution is required
until more data are available. This may be
relevant for probiotics added to infant for-
mula or given to seriously immunocompromised
patients, in whom there have been isolated
cases of opportunistic infections from probiotic
species.121,122

Interactions

None reported.

Dose

Probiotics are available in the form of tablets
and capsules of L. acidophilus, often with other
bacteria. They are also available in the form of
yoghurts and various fermented milks. Many
probiotics require refrigeration to maintain via-
bility and like any other product should be used
before the expiry date. Commercial products
have not always been found to contain the
bacterial strain listed on the label, and in some
cases, the bacteria may not be viable.42

Prebiotics are available in the form of
tablets, capsules and powders of fructo-
oligosaccharides and inulin.

There is no established dose for any of these
products.
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Psyllium

Description

Psyllium (ispaghula) is the mucilage obtained
from the seed coat (husk or hull) of Plantago
ovata. It is a rich source of dietary fibre.

Constituents

The main active ingredient in psyllium is
a water-soluble, gel-forming polysaccharide,
which appears chemically to be a highly
branched arabinoxylan, with the main chain of
1,4-linked xylopyranose residues densely sub-
stituted with either single xylose units or trisac-
charides. The arabinoxylan has been found
to contain 74.1% xylose, 22.4% arabinose,
1.8% galactose and trace amounts of glucose,
rhamnose and uronic acid.1

Action

The water-soluble polysaccharide in psyllium
forms a viscous gel in the intestine. As a result of
this gel formation, psyllium has several effects,
acting to:
� stimulate peristalsis, reduce gastrointestinal

transit time, increase stool weight and func-
tion as a bulk laxative;2,3

� lubricate the stools, so facilitating
defecation;4

� increase the water-absorbing capacity and
viscosity of the faeces, delaying gastric
emptying time and improving the consis-
tency of the faeces in both diarrhoea and
constipation;2,5

� reduce the production of gastric acid;
� prolong gastrointestinal transit time in cases

of diarrhoea, possibly by delaying the pro-
duction of gaseous fermentation products;5

� reduce serum cholesterol by elimination
of cholesterol in bile acids6 and reducing
absorption of dietary fats;7,8

� delay the rate of absorption of carbohydrates,
which can reduce post-meal blood glucose
levels in patients with diabetes mellitus.9,10

Psyllium, like other soluble fibres, appears to
be partially fermented by the bacteria in the
colon to produce short-chain fatty acids (e.g.
butyrate).5,11

Possible uses

Psyllium has a long history of use as a dietary
fibre supplement to promote the regulation of
large bowel function and, more recently, has
been shown to lower blood cholesterol levels.

Constipation
Psyllium is effective as a bulk laxative in the
management of constipation,2,4,12,13 and several
commercial preparations of ispaghula husk are
licensed and prescribable as bulk laxatives in the
UK.

Diarrhoea
Psyllium has been shown to improve faecal
consistency in patients with diarrhoea.4,5 Stud-
ies in tube-fed patients have also shown an
improvement in diarrhoea with psyllium.

Hypercholesterolaemia
Psyllium is effective in reducing serum choles-
terol in people with hypercholesterolaemia.
Psyllium 5.1 g twice a day for 8 weeks pro-
duced a modest but significant improvement
in total cholesterol and LDL cholesterol in
men and women on either high- or low-fat
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diets.14 In a further study, psyllium 3.4 g three
times a day for 8 weeks reduced total and
LDL cholesterol in men.15 Another study with
psyllium 6.7 g daily for 2 weeks and a low-
fat diet reduced total, LDL, HDL and the
LDL/HDL ratio with no effect on triglycerides.8

Further studies have indicated that psyllium
supplementation is effective in lowering LDL
cholesterol, but has no or limited effect on
HDL cholesterol and triglycerides.16,17 Studies
of 6 months’ duration have demonstrated the
potential for long-term benefit of psyllium in
lowering LDL cholesterol.18,19 There appear
to be some advantages in combining psyllium
with monounsaturated fat to further reduce the
LDL to HDL cholesterol.20 Trials of psyllium
in children have also shown potential benefits
in cholesterol lowering.21,22 Meta-analyses have
confirmed the cholesterol-lowering effect of
psyllium in adults as an adjunct to a low-fat
diet.23,24 The maximum effect is seen when
psyllium is consumed with food.

Psyllium supplementation in patients tak-
ing 10 mg simvastatin seems to be as effec-
tive in lowering cholesterol as 20 mg sim-
vastatin alone.25 A combination of psyllium
and colestipol at half the usual doses lowered
cholesterol as effectively as either psyllium
or colestipol alone.26 Addition of psyllium
to colestyramine produced further reduction
in total and LDL cholesterol levels and also
helped to improve compliance by reducing the
gastrointestinal side-effects of colestyramine.27

Diabetes
Preliminary evidence has indicated that psyl-
lium has some influence on post-prandial
blood glucose, glycated haemoglobin, in-
sulin, total cholesterol and LDL choles-
terol in patients with type 2 diabetes and
hypercholesterolaemia.9,10,28–32 However, stud-
ies are not totally consistent.

Irritable bowel syndrome
Studies evaluating the effect of psyllium in
IBS have produced inconsistent results, with
some showing no benefit33 and others showing
benefit.34–36

Ulcerative colitis
There is some evidence of benefit of psyllium in
ulcerative colitis. It has been shown to be helpful
in maintaining remission37 and to be as effective
as mesalazine in maintaining remission.38 How-
ever, a trial of psyllium in juvenile ulcerative
colitis patients found no influence on faecal bile
acid excretion.39

Side-effects of orlistat
In one trial, psyllium has been shown to relieve
the side-effects of orlistat (e.g. flatulence, diar-
rhoea, abdominal cramps, oily discharge).40

Conclusion
Psyllium has been well studied for its effect
on bowel function, with studies generally
showing an increase in stool weight and
reduced gastrointestinal transit time in
patients with constipation. Faecal consis-
tency is also generally improved in patients
with diarrhoea. Psyllium produces a modest
reduction in total and LDL cholesterol in
patients with hypercholesterolaemia and is
effective as an adjunct to dietary man-
agement and possibly to drug manage-
ment. It does not appear to influence HDL
cholesterol or triglycerides. In patients with
diabetes, psyllium has produced modest
reductions in post-prandial blood glucose,
glycated haemoglobin and insulin, but fur-
ther research is needed to confirm these
effects. There is conflicting evidence for
the value of psyllium in IBS and ulcerative
colitis.

Precautions/contraindications

Psyllium is contraindicated in people with
conditions causing gastrointestinal obstruction,
hypersensitivity to psyllium and swallowing
disorders.

Psyllium may cause reduction in blood glu-
cose levels. People with diabetes should be
monitored.
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Some psyllium preparations are sweetened
with aspartame. These products should be
avoided in people with phenylketonuria.

Pregnancy and breast-feeding

Psyllium is considered to be safe in pregnancy
and breast-feeding, although studies in humans
have not been conducted.

Adverse effects

Psyllium can cause flatulence, abdominal pain,
bloating, diarrhoea, constipation and nausea.
Starting with a dose and building up gradually
can help to minimise gastrointestinal effects.
Psyllium can also cause gastrointestinal obstruc-
tion, especially in patients with dysphagia and
other swallowing disorders, but it can occur in
anyone, unless it is consumed with plenty of
water.

Allergic reactions (e.g. rhinitis, sneezing,
headache, conjunctivitis, urticaria, itching, dys-
pnoea and flushing) can occur. Severe aller-
gic reactions include wheezing, angio-oedema,
asthma, cough, diarrhoea and anaphylactic
shock

Interactions

Drugs
Anti-diabetic drugs: psyllium may lower blood
glucose and have an additive effect with anti-
diabetic drugs.
Aspirin: absorption may be reduced.
Carbamazepine: absorption may be reduced.
Digoxin: absorption may be reduced.
Lithium: absorption may be reduced.
Statins: psyllium may have an additive effect in
reducing blood cholesterol.
Warfarin: theoretical risk of reduced absorp-
tion, but clinical studies have not demonstrated
an effect.

Nutrients
Minerals and vitamins: psyllium may reduce the
absorption of all nutrients (in particular miner-
als such as calcium, iron, zinc and magnesium).

Dose

Wide ranges of doses have been used in studies,
but are not clearly established.

� In constipation, 7–40 g daily in two to three
divided doses has been used.

� In cholesterol lowering, the most commonly
used doses in adults have ranged from 10
to 20 g psyllium daily and in children 5–10 g
daily, in two or three divided doses.

� In type 2 diabetes, up to 45 g daily has been
given to lower blood glucose.

� For IBS, 6–30 g daily has been used.

For commercial licensed and prescribable prepa-
rations of ispaghula, doses can be found in the
British National Formulary.

Psyllium should always be taken with plenty
of fluid and doses avoided just before bedtime
(to prevent gastrointestinal obstruction).
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Pycnogenol

Description

Pycnogenol is a registered trade name for a
specific standardised extract of procyanidins
(a category of flavonoids) from the bark of
the French maritime pine (Pinus pinaster ssp.
atlantica), which is grown in the Bay of Biscay
in south-west France. The term pycnogenol
was originally intended to serve as a scientific
name for this category of flavonoids and was
therefore applied to any preparation consisting
of procyanidins.

Constituents

Pycnogenol is a mixture of monomeric and
polymeric procyanidins. Catechin is the main
monomeric procyanidin, while epicatechin is
present in trace amounts. Catechin and epi-
catechin units are linked together to form
bipolymers and larger procyanidin units. Other
constituents of pycnogenol include another
flavonoid, taxifolin, and a range of phenolic
acids such as p-hydroxybenzoic acid, proto-
catechic acid, vanillic acid, gallic acid, caffeic
acid, ferulic acid and p-coumaric acid. Calcium,
copper, iron, manganese, potassium and zinc
are also present.1,2

Action

Pycnogenol stimulates production of nitric
oxide in vitro and in vivo from the natural sub-
strate l-arginine.1 Nitric oxide prevents platelet
aggregation and causes the release of cyclic
guanosine monophosphate in smooth muscle
cells, leading to vasodilatation. By virtue of
these effects, pycnogenol has a range of phar-

macological activities on the vascular system
including:

� inhibition of platelet aggregation and vasodi-
lation; pycnogenol also appears to improve
the efficacy of acetylsalicylic acid in inhibi-
tion of platelet function;3

� inhibition of ACE with reduction in blood
pressure;1,4

� improved endothelial function;5
� improved lipid profiles;6
� enhanced capillary integrity and stabilisation

of cell membranes;7
� improved erectile function.8

Other effects that have been demonstrated in
vitro and in animals include:

� antioxidant and free radical activity;2,6,7

� inhibition of nuclear factor kappa B (NF-κB),
various interleukins and other factors cen-
trally involved in inflammatory processes;9

� inhibition of histamine realease;1
� stimulation of the immune system (e.g. en-

hanced phagocytosis and natural killer cell
activity);10

� lowering of blood glucose;11

� inhibition of cyclooxygenase (COX) 1 and 2
activity.12

Possible uses

A variety of claims have been made for pyc-
nogenol and there is enormous research interest
in this substance. Traditionally, pycnogenol was
used in the treatment of scurvy and wound
healing. Today it is marketed mainly for its
supposed effects on the circulation, and its
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antioxidant, free radical and anti-inflammatory
activity.

Cardiovascular function
Pycnogenol supplementation of 60 patients with
CVD has been shown to increase vasodilatation
and reduce the incidence of cardiovascular
events.1 Inhibition of platelet aggregation has
been demonstrated in smokers and in cardio-
vascular patients.1 A double-blind crossover
study in 11 patients with mild hypertension
found that supplementation with 200 mg pyc-
nogenol normalised blood pressure and lowered
thromboxane levels.1 A further double-blind
placebo-controlled trial involved 58 patients on
the calcium channel blocker nifedipine. Supple-
mentation with 100 mg pycnogenol allowed a
reduction in the dosage of nifedipine used in the
management of hypertension with a reduction
in plasma concentration of endothelin-1 and
increase in prostacyclin.5

In another study involving 25 subjects, pyc-
nogenol 150 mg daily significantly reduced LDL
cholesterol levels and raised HDL cholesterol.6

Two further small studies also found that
supplementation with pycnogenol significantly
lowered total cholesterol and LDL.8,13

Pycnogenol has been associated with signifi-
cant reduction in symptoms of chronic venous
insufficiency (CVI).1 A prospective trial in 86
patients with chronic CVI, ankle swelling and
previous history of venous ulceration com-
pared pycnogenol 150 mg or 300 mg daily for
8 weeks with a combination of diosmin and
hersperidin (Daflon) 1000 mg daily. Clinical
improvement in the pycnogenol group was
significantly greater than in the Daflon group.14

Pycnogenol has also been demonstrated to be
more efficacious in CVI than a commercial horse
chestnut extract (a remedy for CVI).13

Pycnogenol has also been shown to prevent
deep vein thrombosis (DVT) after long-haul
flights.15

Analgesic activity
Clinical trials have examined the effect of
pycnogenol in pain. A study in 47 patients with
menstrual pain found that pycnogenol 30 mg
twice a day through three menstrual cycles

was associated with significant abdominal and
back pain relief during the second and third
cycles.16 A further study found that pycnogenol
prevents cramps, muscular pain at rest and
pain after/during exercise in healthy subjects,
athletes prone to cramps, patients with venous
disease, patients with intermittent claudication
and patients with diabetic microangiopathy.17

Diabetes
Two clinical trials have provided evidence that
pycnogenol could be beneficial in type 2 dia-
betes. An open, controlled trial in 18 men and
12 women found that pycnogenol lowered post-
prandial glucose, HBA1c and endothelin 1.11

This finding was confirmed in a double-blind,
placebo-controlled study in 77 patients.18

Sexual function
Supplementation with pycnogenol has been
found to improve erectile function.8,19 Pyc-
nogenol has also been associated with improve-
ment in sperm quality and function.20

Attention deficit hyperactivity disorder
(ADHD)
There have been anecdotal reports of bene-
fit of pycnogenol in ADHD. A randomised,
placebo-controlled, double-blind trial involv-
ing 61 children (mostly boys) supplemented
with 1 mg/kg/day pycnogenol or placebo over
4 weeks found improvements in some ADHD
scores in the treatment compared with placebo
group, but not all aspects of the condition im-
proved. Scores measured a month after stopping
treatment returned to baseline. Based on these
results, the authors suggested that pycnogenol
has some activity in relieving ADHD symptoms
in children.21

Miscellaneous
Pycnogenol has been found to improve lung
function in asthma,22 minimise gingival bleed-
ing and plaque accumulation,23 and reduce
inflammation in SLE.24
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Conclusion
Trials have shown pycnogenol to have ben-
eficial effects in cardiovascular conditions,
pain, diabetes, sexual function, ADHD,
asthma, gingivitis and SLE. However, these
trials should be treated with circumspection
as some have been open-label, and those
that have been placebo-controlled have
been small, short-term studies. However,
the benefits observed justify further larger
controlled trials.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No teratogenic effects have been observed, but
pycnogenol should be avoided as a general
precaution.

Adverse effects

No serious side-effects reported. Mild side-
effects such as gastrointestinal problems, nau-
sea, headache, dizziness and skin sensitisation
are rare and transient in most cases.

Interactions

None reported.

Dose

The dose is not established. Clinical trials have
used 40–100 mg pycnogenol daily or 1 mg/kg
body weight daily.
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Quercetin

Description

Quercetin (3,3′,4′,5,7-pentahydroxyflavone)1 is
a flavonoid that forms the chemical back-
bone for other flavonoids such as hesperidin,
naringin, rutin and tangeritin. Rutin is the most
common flavonoid containing the quercetin
backbone, in which quercetin is attached to
a glucose-rhamnose moiety. Quercetin is also
found bound to one or two glucose molecules
(monoglycoside and diglycoside forms).2

Dietary sources

Quercetin is one of the most abundant dietary
flavonoids. It is found in apples; black, green
and buckwheat tea; onions (particularly the
outer rings); raspberries; red wine; red grapes;
cherries; citrus fruits; broccoli and other green
leafy vegetables.3Preliminary work by the Uni-
versity of Queensland, Australia, suggests that
quercetin is also found in varieties of honey such
as that derived from eucalyptus and tea tree.
Quercetin is also found in ginkgo biloba and St
John’s wort.

Dietary intake

Estimated dietary intake is 25–50 mg daily.4

Action

Quercetin has a range of activities. It has been
shown in vitro to:
� act as an antioxidant;5
� inhibit LDL oxidation;4,6,7

� inhibit the nitric oxide pathway;8,9

� have anti-inflammatory activity, possibly
due to an influence on the production

of eicosanoids, including leukotrienes and
prostaglandins,4 and also cytokines;10

� have potential as an anti-cancer agent
through interaction with type II oestrogen-
binding sites,11 inhibition of tyrosine
kinase,12 up-regulation of tumour suppressor
genes,13,14 induction of apoptosis,15,16 and
inhibition of tumour necrosis factor-alpha;17

� have antihistamine activity.18

Possible uses

Quercetin offers several potential therapeutic
uses in the prevention of CVD, cancer, cataract,
schizophrenia and prostatitis. However, there
are few clinical trials in humans to date.

Cardiovascular disease
Quercetin may have a role in the preven-
tion of CVD, but there are no data from
controlled clinical trials. An epidemiological
study suggested that high intakes of dietary
flavonoids, particularly quercetin, are associ-
ated with a reduced risk of CVD in older
men.19 This protective effect is thought to be
due to a variety of quercetin’s activities, such as
its antioxidant capacity,4 including inhibition
of LDL oxidation,6 nitric oxide inhibition,8

inhibition of tissue factor (the cellular recep-
tor that initiates blood coagulation),20 platelet
aggregation,21 and a range of anti-inflammatory
activities. However, quercetin supplementation
does not appear to reduce total and LDL
cholesterol or to increase HDL cholesterol.21,22

Cancer
In vitro studies have shown quercetin to have
various properties that could give it anti-cancer
activity (e.g. cell cycle regulation, interaction

272



Quercetin 273

with type II oestrogen-binding sites, inhibi-
tion of tyrosine kinase and reduction in the
number of aberrant crypt foci;23 inhibition of
tyrosine kinase,12 inhibition of tumour necro-
sis factor-alpha17 and inhibition of tumour
angiogenesis.1)

Quercetin has been shown in vitro to inhibit
growth of colorectal cancer cells,14,24,25 possibly
by up-regulation in the expression of tumour
suppressor genes14 and modulation of cell-cycle
related and apoptosis genes.25

It has also been shown to have potential
activity against prostate cancer. It can attenuate
the function of the androgen receptor (AR),
inhibiting AR-mediated expression of prostate-
specific antigen (PSA),26 up-regulating tumour
suppressor genes while down-regulating onco-
genes and cell cycle genes,13 and inhibit other
receptors involved in growth and metastasis of
prostate cancer.27

Quercetin has also been shown in vitro to
have activity against leukaemia cells15,16 and
pancreatic tumour cells.28 Other preliminary
studies suggest that quercetin could have inhibi-
tory effects on other cancer types, including
breast, ovary, endometrial, non-small-cell lung,
gastric and squamous cell.29

Cataract
One study in rats has shown that quercetin
could have a possible role in reducing the inci-
dence of cataracts, by inhibiting oxidative dam-
age in the lens. Quercetin was converted to its
metabolite 3-O-methyl quercetin by catechol-
O-methyltransferase (COMT) in the rat lens,
and both compounds were found to inhibit
hydrogen peroxide-induced opacification.30

Autoimmune disease
Quercetin was found in one study to amelio-
rate experimental allergic encephalomyelitis by
blocking IL-12 signalling and Th1 differenti-
ation, suggesting that it may be effective in
treating multiple sclerosis and other Th1-cell-
mediated autoimmune diseases.31

Schizophrenia
Evidence from one study suggests that quercetin
(in combination with other antioxidants) might
benefit patients with schizophrenia.32

Miscellaneous
Preliminary evidence suggests that quercetin
may be of benefit in allergic rhinitis and against
various viruses, including herpes simplex and
respiratory syncytial viruses.4

Conclusion
Quercetin is the subject of intense re-
search on the basis of its antioxidant,
anti-inflammatory and anti-cancer activities.
In vitro studies have demonstrated that
quercetin offers potential in preventing CVD
and cancer, and possibly cataract. How-
ever, controlled clinical trials in humans
are needed before any conclusions can
be drawn about the value of quercetin
supplementation.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of quercetin in pregnancy and breast-
feeding.

Adverse effects

Orally, quercetin may cause headache and
tingling of the extremities.

Interactions

None reported.

Dose

The dose is not established. Typical oral doses
range from 400 to 500 mg three times daily.

Quercetin is administered by injection (but
this is not a dietary supplement use).
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Resveratrol

Description

Resveratrol is a polyphenol, more specifically a
phytoalexin (3,5,4′-trihydroxy-trans-stilbene),
which exists as cis- and trans-stereoisomers.1

It is produced by plants as a defence against
infection by pathogenic micro-organisms such
as fungi.

Dietary sources

The most abundant sources of resveratrol are
the wine-making grapes Vitis vinifera, Labrusca
and Muscatine. It occurs in the vines, roots,
seeds and stalks, but the skin of the grape
contains the highest concentration (50–100 µg
per gram). The resveratrol content of red wine
is much higher than that of white wine. This
is largely because, apart from the type of grapes
used, in red wine production the skins and seeds
are used, while white wine is prepared mainly
from the juice, the skins being removed earlier
in the process. The skins and seeds of grapes
contain, in addition to resveratrol, a variety of
other polyphenols including proanthocyanidins,
quercetin, catechins and gallocatechins.

The resveratrol content of red wine varies
considerably depending on the grapes and
length of time the skins are present during
the fermentation process. Red wines with the
highest resveratrol content are Pinot Noir and
Cabernet Sauvignon, produced in cold, humid
climates (e.g. Bordeaux and Canada) rather
than hot, dry climates. This is because fungal
infections are more common in cooler climates,
and resveratrol is produced in response to
fungal infections in plants. Unfermented grape
juice does not contain significant quantities of
resveratrol.

Smaller amounts of resveratrol are found in
mulberries and peanuts, and in other plants such
as eucalyptus, lily and spruce. Resveratrol is also
found in significant amounts in the dried roots
and stems of the plant Polygonium cuspidatum,
also known as Japanese knotweed. The dried
root and stem of this plant are used in traditional
Chinese and Japanese remedies (known as Hu
Zhang, Hu Chang, tiger cane, kojo-kon and
hadori-kon) for circulatory problems.2

Action

Knowledge of the potential benefits of resvera-
trol has developed partly from an appreciation
of the beneficial effects of red wine on cardio-
vascular health.

Mechanisms for protection of the cardiovas-
cular system that have been identified include:3,4

� antioxidant;5
� inhibition of cholesterol synthesis;
� inhibition of atherosclerosis;
� inhibition of LDL oxidation;
� protection and maintenance of endothelial

tissue;
� suppression of platelet aggregation;6–11

� promotion of vasodilatation;
� defence against ischaemic reperfusion injury;
� oestrogenic activity.

Resveratrol has also been shown to have
anti-cancer properties,12 inhibiting activation
of carcinogenic compounds and suppressing
tumour progression.13 In vitro studies have
shown a number of protective mechanisms in
relation to cancer, including inhibition of car-
cinogen activation, suppression of tumour initi-
ation by inhibiting cyclooxygenase 1 (COX-1),
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inhibition of cellular-signalling cascades and
influence on apoptosis.14

Resveratrol has also been shown to reduce
cell proliferation in a human retinal epithelium
cell line and may therefore have the ability to
protect against ARMD.15

Possible uses

In vitro studies have clearly demonstrated po-
tential mechanisms for benefit of resveratrol in
the prevention of CVD and cancer. However,
these studies have been short-term and there
have been very few studies in humans. Two
small studies (both from the same research
group in China) found that resveratrol inhibited
platelet aggregation in rabbits and humans.8,9

However, it would be premature to recommend
resveratrol as a food supplement, despite the in-
dustry’s claims that resveratrol is the component
in red wine responsible for the beneficial effects
on CVD.

Conclusion
Resveratrol is the subject of much interest
as a food supplement, mainly because it is
claimed to be the component in red wine
responsible for its beneficial effects in CVD.
In vitro studies have demonstrated mecha-
nisms by which resveratrol could reduce the
risk of CVD and cancer, but there have been
no intervention trials in humans. The main
dietary source is red wine, and care should
be taken not to encourage high intake of
any alcoholic drink.

Precautions/contraindications

The main dietary source of resveratrol is red
wine. Recommending increased consumption
of red wine to increase resveratrol intake is
not necessarily responsible given the health
risks, including liver damage, physical addic-
tion and social implications of any alcoholic
beverage if consumed in more than moderate
amounts.

Pregnancy and breast-feeding

No problems reported, but resveratrol may be
oestrogenic. Alcohol should not be consumed
during pregnancy.

Adverse effects

Resveratrol is similar in structure to diethyl-
stilbestrol (a synthetic oestrogen) and it could
have the potential to stimulate breast cancer.16

More studies are needed.

Interactions

None reported.

Dose

The dose is not established.
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Riboflavin

Description

Riboflavin is a water-soluble vitamin of the
vitamin B complex.

Nomenclature

Riboflavin is the British Approved Name for use
on pharmaceutical labels. It is known also as
vitamin B2.

Human requirements

See Table 1 for Dietary Reference Values for
riboflavin.

Dietary intake

In the UK, the average adult diet provides: for
men, 2.11 mg daily; for women, 1.60 mg.

Action

Riboflavin functions as a component of two
flavin coenzymes – flavin mononucleotide
(FMN) and flavin adenine dinucleotide (FAD).
It participates in oxidation–reduction reactions
in numerous metabolic pathways and in energy
production. Examples include the oxidation of
glucose, certain amino acids and fatty acids;
reactions with several intermediaries of the
Krebs cycle; conversion of pyridoxine to its
active coenzyme; and conversion of tryptophan
to niacin.

Riboflavin has a role as an antioxidant. It
may be involved in maintaining the integrity of
erythrocytes.

Dietary sources

See Table 2 for dietary sources of riboflavin.

Metabolism

Absorption
Riboflavin is readily absorbed by a saturable
active transport system (principally in the
duodenum).

Distribution
Some circulating riboflavin is loosely associated
with plasma albumin, but significant amounts
complex with other proteins. Conversion of
riboflavin to its coenzymes occurs in most
tissues (particularly in the liver, heart and
kidney).

Elimination
Riboflavin is excreted primarily in the urine
(mostly as metabolites); excess amounts are
excreted unchanged. Riboflavin crosses the pla-
centa and is excreted in breast milk.

Bioavailability

Riboflavin is remarkably stable during process-
ing that involves heat, such as canning, dehy-
dration, evaporation and pasteurisation. Boiling
in water results in leaching of the vitamin
into the water, which should then be used for
soups and sauces. Considerable losses occur if
food is exposed to light; exposure of milk in
glass bottles will result in loss of riboflavin.
Animal sources of riboflavin are better ab-
sorbed and hence more available than vegetable
sources.

Deficiency

Deficiency of riboflavin isolated from other B
vitamin deficiencies is rare. Early symptoms
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Table 1 Dietary Reference Values for riboflavin (mg/day)

EU RDA = 1.6 mg

Age UK USA
FAO/WHO

LNRI EAR RNI EVM RDA TUL RNI

0–6 months 0.2 0.3 0.4 0.3 – 0.3
7–12 months 0.2 0.3 0.4 0.4 – 0.4
1–3 years 0.3 0.5 0.6 0.5 – 0.5
4–6 years 0.4 0.6 0.8 – – 0.6
4–8 years – – – 0.6 – –
7–10 years 0.5 0.8 1.0 1.2 – 0.9a

9–13 years – – – 0.9 – –

Males
11–14 years 0.8 1.0 1.2 – – 1.2b

15–18 years 0.8 1.0 1.3 – – 1.2
19–50+ years 0.8 1.0 1.3 – – 1.3
14–70+ years 100 1.3 – –

Females
11–14 years 0.8 0.9 1.1 – – 1.0b

14–18 years 1.0 – 1.0
15–50+ years 0.8 0.9 1.1 – – 1.1
19–70+ years – – – 100 1.1 – –
Pregnancy * * +0.3 1.4 1.4
Lactation – – +0.5 1.6 – 1.6

* No increment.
a 7–9 years. b 10–14 years.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level (not determined for riboflavin).

include soreness of the mouth and throat,
burning and itching of the eyes, and personality
deterioration. Advanced deficiency may lead to
cheilosis, angular stomatitis, glossitis (red, beefy
tongue), corneal vascularisation, seborrhoeic
dermatitis (of the face, trunk and extremities),
normochromic normocytic anaemia, leucopenia
and thrombocytopenia.

Possible uses

Supplements may be required by vegans (strict
vegetarians who consume no milk or dairy
produce).

Migraine
Riboflavin has been investigated for a possible
role in migraine. In an open pilot study in
49 migraine patients, 26 patients were given
oral riboflavin 400 mg daily or the same plus
aspirin 75 mg daily for 3–5 months. The number
of migraine days reduced from 8.7 ± 1.5 to
2.9 ± 1.2. There were no significant differences
between the two groups.1

In a randomised, double-blind, placebo-
controlled trial, 55 patients with a history of
migraine for at least 1 year (with two to eight
attacks monthly) were randomised to receive
riboflavin 400 mg or placebo daily. Migraine
attack frequency and duration was significantly
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Table 2 Dietary sources of riboflavin

Food portion Riboflavin
content (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.5
1 bowl Bran Flakes (45 g) 0.6
1 bowl Corn Flakes (30 g) 0.4
1 bowl muesli (95 g) 0.6
1 bowl Shreddies (50 g) 1.1
1 bowl Start (40 g) 0.8
2 Weetabix 0.6
Milk and dairy products
1/2 pint milk, whole, semi-skimmed

or skimmed
0.5

1/2 pint soya milk 0.7
1 pot yoghurt (150 g) 0.4
Cheese (50 g) 0.2
1 egg, size 2 (60 g) 0.3
Meat and fish
Beef, roast (85 g) 0.2
Lamb, roast (85 g) 0.3
Pork, roast (85 g) 0.2
1 chicken leg portion 0.2
Liver, lambs, cooked (90 g) 3.0
Kidney, lambs, cooked (75 g) 1.6
Fish, cooked (150 g) 0.2
Yeast
Brewer’s yeast (10 g) 0.4
Marmite, spread on 1 slice bread 0.5

Excellent sources (bold); good sources (italics).

reduced in the riboflavin group compared with
placebo.2

A further randomised, double-blind,
placebo-controlled trial evaluated the effect
of a supplement providing a daily dose of
riboflavin 400 mg, magnesium 300 mg and
feverfew 100 mg. The placebo contained 25 mg
riboflavin. Forty-nine patients completed
the 3-month trial. For the primary outcome
measure, a 50% or greater reduction in
migraines, there was no difference between
the treatment and placebo groups, achieved
by 10 (42%) and 11 (44%) individuals,
respectively. There were no differences in the
mean number of migraines, migraine days,
migraine index or triptan doses. Compared

to baseline, both groups showed a significant
reduction in number of migraines, migraine
days and migraine index. This effect exceeds
that reported for placebo agents in previous
migraine trials, suggesting that riboflavin 25 mg
may be an active comparator.3

Miscellaneous
A case report demonstrated successful therapy
with riboflavin 50 mg daily in a patient with
documented riboflavin deficiency and carpal
tunnel syndrome.4 Riboflavin has also been
used successfully in the treatment of lactic
acidosis induced by antiretroviral therapy in pa-
tients with AIDS.5,6 Homocysteine metabolism
is dependent on riboflavin and riboflavin has
been investigated for a role in homocysteine
lowering. However, studies to date have not
demonstrated any clear benefit of riboflavin in
lowering homocysteine. Moreover, riboflavin
is of unproven value for acne, mouth ulcers
or muscle cramps. At present, there is no
convincing scientific data to support its use in
human cancer.

Conclusion
At normal doses there is no good evidence
for the use of riboflavin for any indication
other than riboflavin deficiency. Preliminary
evidence exists that higher doses may be
useful in migraine and in lactic acidosis
induced by antiretroviral therapy.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems reported.

Adverse effects

Riboflavin toxicity is unknown in humans.
Large doses may cause yellow discoloration of
the urine.
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Interactions

Drugs
Alcohol: excessive alcohol intake induces ribo-
flavin deficiency.
Barbiturates: prolonged use may induce ribo-
flavin deficiency.
Oral contraceptives: prolonged use may induce
riboflavin deficiency.
Phenothiazines: may increase the requirement
for riboflavin.
Probenecid: reduces gastrointestinal absorption
and urinary excretion of riboflavin.
Tricyclic antidepressants: may increase the re-
quirement for riboflavin.

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.
Iron: deficiency of riboflavin may impair iron
metabolism and produce anaemia.

Dose

Riboflavin is available in the form of
tablets and capsules, but is mainly found

as a constituent of multivitamin and mineral
preparations.

Dietary supplements provide 1–3 mg daily.
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Royal jelly

Description

Royal jelly is a yellow-white liquid secreted by
the hypopharyngeal glands of ‘nurse’ worker
bees from the 6th to the 12th day of their adult
lives. It is an essential food for the queen bee.

Constituents

See Table 1 for the claimed nutrient composition
of royal jelly.

Action

Royal jelly may have some pharmacological
effects, but the only available evidence comes
from in vitro studies and animal studies. It ap-
pears to have anti-tumour effects;1 improve the
efficiency of insulin;2 have vasodilator activity;3

and exhibit anti-microbial activity.4

Possible uses

Published papers on the effects of royal jelly in
humans are relatively few, and many of these
are single case histories and not clinical trials.

Royal jelly has been claimed to be benefi-
cial in anorexia, fatigue and headaches;5 and
hypercholesterolaemia.6,7

A systematic review and meta-analysis7 ex-
amined the effect of royal jelly in 17 animal
studies and nine human studies. In the animal
studies, royal jelly significantly reduced serum
cholesterol and total lipid levels in rats and
rabbits, and slowed the progress of atheromas in
rabbits fed a high-fat diet. Meta-analysis of the
controlled human trials showed that royal jelly
(30–100 mg daily for 3–6 weeks) resulted in a
significant reduction in total serum lipids and

Table 1 Claimed nutrient composition in a
typical daily dose (500 mg) of royal jelly

Nutrient Amount % RNI1

Water (mg) 350 –
Carbohydrate (mg) 60 –
Protein (mg) 60 –
Lipids (mg) 25 –
Thiamine (µg) 2 0.2
Riboflavin (µg) 7 0.6
Niacin (µg) 20 0.1
Vitamin B6 (µg) 3 0.2
Folic acid (ng) 15 0.08
Biotin (µg) 1 –
Pantothenic acid (µg) 3 –
Calcium (µg) 130 0.02
Magnesium (µg) 150 0.07
Potassium (mg) 2.5 0.07
Iron (µg) 25 0.2
Zinc (µg) 15 0.2

Reference Nutrient Intake for men aged 19–50 years.

cholesterol and normalisation of LDL and HDL
cholesterol in subjects with hyperlipidaemia.

Royal jelly has been investigated in hay
fever. A placebo-controlled, double-blind RCT
in 80 children (aged 5–16 years) evaluated the
effect of royal jelly administered 3–6 months
before and throughout the pollen season. Sixty-
four children completed the study. All of the
patients in both groups developed hay fever
symptoms during the pollen season. The severity
of symptoms and need for additional hay fever
treatment was similar in both groups, suggesting
that royal jelly has no benefit on hay fever
symptoms during the pollen season.8
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Claims for the value of royal jelly in arthritis,
depression, diabetes mellitus, dysmenorrhoea,
eczema, morning sickness, multiple sclerosis,
muscular dystrophy, myalgic encephalomyelitis
(ME) and PMS are purely anecdotal and there
is no evidence for any of these claims.

Conclusion
Anecdotally, royal jelly is thought to be
beneficial in a wide range of conditions.
However, there is no sound evidence to
support its use.

Precautions/contraindications

Royal jelly should be avoided in asthma (adverse
effects reported).

Pregnancy and breast-feeding

No problems reported, but there have not been
sufficient studies to guarantee the safety of royal
jelly in pregnancy and breast-feeding. Royal
jelly is probably best avoided.

Adverse effects

Allergic reactions, which can be severe. Life-
threatening bronchospasm has occurred in
patients with asthma after ingestion of royal
jelly.9–12 Royal jelly has been responsible for
IgE-mediated anaphylaxis,13 leading to death
in at least one individual.14 One report of
haemorrhagic colitis occurred in a 53-year-old
woman after taking royal jelly for 25 days.15

Interactions

None reported.

Dose

Royal jelly is available in the form of tablets and
capsules.

The dose is not established. Dietary supple-
ments provide 250–500 mg daily.
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S-adenosyl methionine

Description

S-adenosyl methionine (SAMe) is synthesised
in the body from the essential amino acid
methionine.

Action

SAMe is involved in several biochemical path-
ways. It functions mainly as a methyl donor
in synthetic pathways that lead to the pro-
duction of DNA and RNA, neurotransmitters
and phospholipids. Its involvement in phospho-
lipid synthesis may mean that it has a role
in membrane fluidity. SAMe is also involved
in transulphuration reactions, regulating the
formation of sulphur-containing amino acids,
cysteine, glutathione (GSH) and taurine. GSH
is an antioxidant, so SAMe is proposed to have
antioxidant activity.

Possible uses

SAMe is being investigated for its effects on
a number of conditions, such as depression,
osteoarthritis, fibromyalgia and CVD.

Depression
SAMe may be of potential use as an antidepres-
sant. Its mechanism of action for this indication
is still a matter of speculation, although there
is some evidence that it may raise dopamine
levels.1 Initially it was used for this purpose by
parenteral administration. However, in an un-
controlled study2 in 20 outpatients with major
depression, the group as a whole improved with
oral SAMe.

In a randomised, double-blind, placebo-
controlled trial involving 15 inpatients with

major depression, oral SAMe was found to
improve symptoms of depression. However, it
induced mania in one patient with no history of
the condition.3

The efficacy of oral SAMe was assessed
in the treatment of 80 depressed post-
menopausal women (aged 45–59 years). The
30-day, double-blind, placebo-controlled ran-
domised trial found a significantly greater im-
provement in depressive symptoms in the group
treated with 1600 mg daily of SAMe from day
10 of the study.4

A meta-analysis of the effect of SAMe
on depression compared with placebo or tri-
cyclic antidepressants showed a greater re-
sponse rate with SAMe than placebo and an
antidepressant effect comparable with tricyclic
antidepressants.5

An in-depth literature review, which included
RCTs, controlled clinical trials, meta-analyses
and systematic reviews, evaluated evidence on
the use of SAMe for the treatment of depression
(and also osteoarthritis and liver disease). Com-
pared to placebo, SAMe was associated with a
clinically significant improvement of depression.
Compared with conventional antidepressant
therapy, SAMe was not associated with a
statistically significant difference in outcomes.6

A more recent multicentre trial found that the
efficacy of 1600 mg SAMe daily taken orally7

and 400 mg SAMe daily7,8 intramuscularly is
comparable with that of imipramine 150 mg
daily, but SAMe is better tolerated.

Osteoarthritis
SAMe appears to possess analgesic activity, and
in joints there is some evidence that it stimulates
the synthesis of proteoglycans by the articular
chondrocytes.9
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In a range of double-blind randomised trials,
all reported in one issue of one journal, oral
SAMe was found to exert the same anal-
gesic activity as a range of NSAIDs. In one
study with 734 subjects, SAMe 1200 mg daily
was as effective as naproxen 750 mg daily.10

Another study in 45 patients showed that SAMe
1200 mg daily was as effective as piroxicam
(20 mg daily) in osteoarthritis of the knee.11

Two further studies in each of 36 patients over
4 weeks, showed that SAMe 1200 mg daily was
as effective as indometacin (150 mg daily)12 or
ibuprofen (1200 mg daily).13 A 16-week study
in 56 patients diagnosed with osteoarthritis of
the knee found that SAMe (1200 mg daily) has
a slower onset of action, but is as effective as
celecoxib (200 mg daily) in the management of
symptoms of knee osteoarthritis.14

In an uncontrolled study lasting 24 months,
108 patients received 600 mg SAMe daily for
2 weeks, then 400 mg daily thereafter. Clinical
symptoms, such as morning stiffness, pain at
rest and pain on movement, improved during
the period of SAMe administration.15

Fibromyalgia
Intravenous SAMe has been shown to reduce
pain in patients with fibromyalgia.16 In a
double-blind, placebo-controlled trial lasting
6 weeks and involving 44 patients, oral SAMe
(800 mg) produced significant improvement in
clinical disease activity, pain suffered during the
last week, and fatigue. SAMe was associated
with an improvement in mood on the Face Scale
but not on the Beck Depression Inventory.17

Cardiovascular disease
Elevation of homocysteine is an independent
risk factor for CVD, and SAMe controls en-
zymes in homocysteine metabolism. Whole-
blood SAMe has been found to be lower in
patients with CHD than in controls, suggesting
that low levels of SAMe might be a risk factor
for the development of CHD.18 A study with
oral SAMe (400 mg in a single dose) in healthy
subjects showed that SAMe did not inhibit
the enzyme (5,10-methylene tetrahydrofolate
reductase). This is the enzyme that catalyses the
formation of 5-methyltetrahydrofolate, which
is the active form of folate involved in the

remethylation of homocysteine to methionine.
However, there were no changes in plasma
homocysteine levels.19

Conclusion
Research suggests there is some evidence
that SAMe has value in depression and
osteoarthritis, and that it may have an in-
fluence in the metabolism of homocysteine.

Precautions/contraindications

SAMe should be used with caution in individu-
als with a history of bleeding or haemostatic
disorders. SAMe has been reported to block
platelet aggregation in vitro.20

Pregnancy and breast-feeding

No problems reported, but there have not been
sufficient studies to guarantee the safety of
SAMe in pregnancy and breast-feeding. SAMe
is best avoided.

Adverse effects

Minor side-effects, including nausea, dry
mouth and restlessness, have been occasionally
reported.

Interactions

None reported, but in theory SAMe could
potentiate the activity of antidepressants, anti-
coagulants and anti-platelet drugs.

Dose

SAMe is available in the form of tablets and
capsules. A review of 13 US products found
that six failed testing for content. Among those
failing, the amount of SAMe was, on average,
less than half of that declared on the labels.21

The dose is not established. Studies have used
doses of 400–1600 mg daily.
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Selenium

Description

Selenium is an essential trace element.

Human requirements

See Table 1 for Dietary Reference Values for
selenium.

Dietary intake

In the UK, the average adult diet provides
39 µg daily.1 Selenium enters the food chain
through plants, which take it up from the soil.
Selenium intake is low in parts of the world
where soil selenium content is low, and human
dietary intakes therefore vary from high to low
according to geography. Selenium intakes in
most parts of Europe (including the UK) are con-
siderably lower than in the USA, European soils
being a poorer source of selenium. Current UK
intakes are about half the Reference Nutrient
Intake, having declined considerably over the
past 25 years, and this may have implications
for disease risk.

Action

Selenium functions as an integral part of the en-
zyme glutathione peroxidase and other seleno-
proteins. Glutathione peroxidase prevents
the generation of oxygen free radicals that cause
the destruction of polyunsaturated fatty acids
in cell membranes. Selenium spares the require-
ment for vitamin E and vice versa. Selenium has
additional effects, particularly in relation to the
immune response and cancer prevention, which
are not entirely due to these enzymic functions.

Dietary sources

See Table 2 for dietary sources of selenium.

Metabolism

Absorption
Little is known about the intestinal absorp-
tion of selenium, but it appears to be easily
absorbed.

Distribution
Selenium is stored in red cells, liver, spleen,
heart, nails, tooth enamel, testes and sperm.
It is incorporated into the enzyme glutathione
peroxidase, the metabolically active form of
selenium.

Elimination
Selenium is excreted mainly in the urine.

Deficiency

Deficiency has been associated with muscle pain
and tenderness; some cases of cardiomyopathy
have occurred in patients on total parenteral
nutrition with low selenium status. Keshan
disease (seen mainly in China) is a syndrome of
endemic cardiomyopathy that is alleviated by
selenium supplementation.

There is evidence that less overt selenium
deficiency can have adverse consequences for
health. Low selenium status has been linked
to loss of immunocompetence,2 the develop-
ment of virulence and progression of some
viral infections,3 miscarriage,4 male infertility,5

depressed mood,6 senility and Alzheimer’s
disease6 and poor thyroid function.7
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Table 1 Dietary Reference Values for selenium (µg/day)

EU RDA = none

Age UK USA
FAO/WHO

LRNI RNI EVM RDA AI TUL RNI

0–3 months 4 10 – 15 45 6
4–6 months 5 13 – 15 45 6
7–9 months 5 10 – 20 45 10
10–12 months 6 10 – 20 45 10
1–3 years 7 15 20 90 17
4–6 years 10 20 – – 22
4–8 years – – – 30 150 –
7–10 years 16 30 – – 21a

Males
11–14 years 25 45 40 400 32b

15–18 years 40 70 50 400 32
19–50+ years 40 75 200 70 400 341

Females
11–14 years 25 45 45 400 26b

15–18 years 40 60 50 400 26
19–50+ years 40 60 200 55 400 262

Pregnancy * * 65 400 28–30
Lactation +15 +15 75 400 35–42

∗ No increment.
a 7–9 years. b 10–14 years.
1 > 65 years, 33 µg.
251–65 years, 26 µg, > 65 years, 25 µg.

EVM = Safe upper level from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Selenium deficiency has also been associ-
ated with CVD, although results from epi-
demiological studies have been mixed. Thus,
a two- to three-fold increase in cardiovascu-
lar mortality was found in individuals with
serum selenium concentrations below 45 µg/L
compared with individuals above that concen-
tration at baseline.8 A Danish study9 showed
that middle-aged and elderly men with serum
selenium below 70 µg/L had a significantly
increased risk of ischaemic heart disease. The
10-centre EURAMIC study10 found an inverse
relationship between toenail selenium levels and
risk of myocardial infarction, but only in the
centre with the lowest selenium (Germany).

However, other studies have shown no such
links.

Low selenium intake has been linked to
cancer mortality. In one study,11 dietary intake
of selenium in 27 countries was found to cor-
relate inversely with total age-adjusted cancer
mortality, and low selenium status has been
linked with an increased risk of cancer incidence
and mortality.12,13 A nested case-control study
within a cohort of 9000 Finnish individuals
showed the adjusted relative risk of lung cancer
between the highest and lowest tertiles of serum
selenium to be 0.41.14 In a study looking at
the association between selenium intake and
prostate cancer involving 34 000 men, those
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Table 2 Dietary sources of selenium

Food portion Selenium
content (µg)

Cereals1

2 slices bread 30
Milk and dairy products
1/2 pint milk 3–30
1 egg 3–25
Meat and fish
Beef, cooked (100 g) 3
Lamb, cooked (100 g) 1
Pork, cooked (100 g) 15
Chicken, cooked (100 g) 8
Liver (90 g) 20
Fish, cooked (150 g) 30–50
Vegetables
1 small can baked beans (200 g) 4
Lentils, red kidney beans or other

pulses, cooked (105 g)
5

Green vegetables, average, boiled
(100 g)

1–3

Fruit
1 banana 2
1 orange 2
Nuts
20 almonds 1
10 Brazil nuts 200
30 peanuts 1

1 Cereals are important sources of selenium, but the content reflects

the selenium content of the soils on which they are grown and is

therefore highly variable.

Excellent sources (bold); good sources (italics).

in the lowest quintile of selenium status were
found to have three times the likelihood of
developing advanced prostate cancer as those
in the highest quintile.15

Possible uses

Cancer (prevention)
Studies have shown that selenium supplementa-
tion may reduce the risk of certain cancers (e.g.
colon, gastric, lung and prostate), but not others
(breast, oesophageal and skin).

The US Nutritional Prevention of Can-
cer (NPC) trial16 was the first double-blind,
placebo-controlled trial in a Western popula-

tion designed to test the hypothesis that se-
lenium supplementation could reduce the risk
of cancer. A total of 1312 individuals with
a history of non-melanoma skin cancer were
randomised to placebo or 200 µg selenium a
day (as selenium yeast) for an average treatment
period of 4.5 years with a total follow-up of
6.4 years. There were no statistically significant
differences in incidence of basal cell carcinoma
or squamous cell carcinoma. However, total
cancer incidence was 37% lower in the selenium
group, with 63% fewer cancers of the prostate,
58% fewer cancers of the colon, and 46% fewer
cancers of the lung. There were more cases of
breast cancer and leukaemia-lymphoma in the
selenium group, but these differences were not
statistically significant. Further analysis of the
trial data across the entire treatment period,
which ended 3 years after the first analysis
was conducted, continued to demonstrate that
selenium supplementation was ineffective at
preventing basal cell carcinoma, but that it
increases the risk of squamous cell carcinoma
and total non-melanoma skin cancer.17 Yet
further analysis of the entire treatment period
of this trial continued to show a significant
protective effect of selenium on the overall inci-
dence of prostate cancer, although the effect was
restricted to those with lower baseline prostate-
specific antigen (PSA) levels and plasma sele-
nium concentrations.18

A systematic review and meta-analysis of 16
studies concluded that selenium may reduce
the risk of prostate cancer.19 Further large
randomised trials, which are ongoing, will help
to throw more light on this issue.

Supplements of dietary antioxidants (includ-
ing selenium), reduced the incidence of oesoph-
ageal and gastric cancer and total cancer
in a study in 30 000 adults in Linxian, China,20

an area where the incidence of oesophageal and
stomach cancer is high, and the intake of certain
nutrients is low. There is also some evidence
that selenium may protect against colorectal
cancer21 and lung cancer.22

Selenium has been studied for a link with
breast cancer. A number of case-control studies
have explored this link, but no significant
associations have been found. The evidence has
been summarised by Attract.23 Low selenium
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status seems not to be an important factor in
the development of breast cancer.

Cardiovascular disease
Selenium may have a role in the prevention of
CVD, but evidence for the benefit of supple-
mentation is limited. In a double-blind, placebo-
controlled study,24 81 patients received either
selenium-rich yeast (100 µg daily) or placebo
for a 6-month period. During the study period
there were four cardiac deaths in the placebo
group but none in the selenium group. There
were two non-fatal reinfarctions in the placebo
group, and one in the selenium group.

In a further trial, 504 participants (free of
CVD) were randomised to selenium 200 µg
daily and 500 participants (free of CVD) to
placebo. Selenium supplementation was not
significantly associated with any of the CVD
end points or all CVD mortality during 7.6 years
of follow-up. The authors concluded that there
was no overall effect of selenium supplementa-
tion on the primary prevention of CVD in this
population.25

Infertility
Selenium supplementation (selenomethionine
100 µg daily) increased sperm motility in a study
involving 64 subfertile men.26 Sperm count was
unchanged after supplementation for 3 months,
but sperm motility increased in 56% of the men.
By the time of publication, 11% of the selenium-
supplemented men had confirmed paternity, but
none of the placebo group had. A further study
found beneficial effects of selenium (with vita-
min E) on semen quality.27 However, another
trial found a decrease in sperm motility with
selenium, suggesting caution and the need for
further studies to assess this potential effect.28

Rheumatoid arthritis
Selenium may be useful as an adjunct in the
treatment of recent-onset rheumatoid arthri-
tis. In a study, 15 women with rheumatoid
arthritis of less than 5 years’ duration who had
been treated with NSAIDs and/or with other
anti-rheumatic drugs received selenium (200 µg
daily from selenium-rich yeast) supplementation
for 3 months.29 This led to improvement in
subjective pain and clinical assessment of joint

involvement in six out of eight of the treated
subjects but none of the controls, and improve-
ments disappeared 3 months after therapy was
withdrawn, even though indicators of selenium
status remained elevated. However, selenium
(256 µg daily from selenium-rich yeast) was not
effective in a trial of 40 men and women with
an average arthritis duration of 13.5 years.30

A further trial in 55 patients with moderate
rheumatoid arthritis did not show any clini-
cal benefit with selenium (selenium-rich yeast
200 µg daily).31

Miscellaneous
Selenium has been found to improve mood in
some studies but not others.32 There is some
evidence that selenium may be of benefit in
asthma,33 immune function,34 and the manage-
ment of HIV infection.35

Conclusion
Epidemiological research and evidence
from a large controlled intervention trial
suggest that selenium may reduce cancer
risk. The role of selenium in heart disease
is unclear and controlled clinical trials are
required to identify any benefits of supple-
mentation. Results from studies of selenium
in rheumatoid arthritis are conflicting.

Precautions/contraindications

Yeast-containing selenium products should be
avoided by patients taking monoamine oxidase
inhibitors.

Pregnancy and breast-feeding

No problems with normal intakes.

Adverse effects

There is a narrow margin of safety for sele-
nium. Adverse effects include hair loss, nail
changes, skin lesions, nausea, diarrhoea, irri-
tability, metallic taste, garlic-smelling breath,
fatigue and peripheral neuropathy.
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Interactions

There is some evidence that clozapine may
reduce selenium levels and that this could be
important in the pathogenesis of cardiac side-
effects with clozapine.36

Dose

Selenium is available mainly in ‘antioxidant’
supplements with vitamin E and vitamin A, and
is also an ingredient in multivitamin supple-
ments.

The dose is not established; 50–100 µg daily
is considered to be safe.
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Shark cartilage

Description

Cartilage obtained from various types of shark.

Constituents

Cartilage tissue contains a mixture of gly-
cosaminoglycans, one of which is chondroitin
sulphate. Shark cartilage is also thought to
contain compounds known as anti-angiogenesis
factors, including sphyrnastatin 1 and 2.1 These
are factors that inhibit the growth of new blood
vessels, typically seen in malignant tumours, and
this mechanism could, in theory, be helpful in
human cancer.

Action

It has been suggested that shark cartilage
may prevent tumour growth. The proposed
mechanism is that the anti-angiogenesis factors
prevent tumours from developing the network
of blood vessels they need to supply them with
nutrients. This supposedly starves tumours and
causes them to shrink. The popularity of this
anti-cancer theory increased as a result of a
popular book, Sharks Don’t Get Cancer.2

Possible uses

Shark cartilage has been proposed as a supple-
ment for the treatment of cancer and (because
of its chondroitin content) for the treatment of
osteoarthritis.

Cancer
Various in vitro,2–4 animal5 and human6 stud-
ies have shown that shark cartilage has anti-
angiogenic properties. However, there is no

evidence from controlled trials that shark car-
tilage cures cancer in humans.

In a study of cancer patients taking shark
cartilage either rectally or orally, 10 of the 20
patients reported an improved quality of life,
including increased appetite and reduced pain,
after 8 weeks. In addition, four of the 20 patients
showed partial or complete response (50–100%
reduction in tumour mass). However, infor-
mation on patient selection criteria, cartilage
dose and concomitant cytotoxic therapy was
not provided.7

A 12-week open clinical trial on 60 patients
with advanced cancer assessed the efficacy and
safety of shark cartilage at a dose of 1 g/kg daily.
No complete or partial positive responses were
found, and the authors concluded that shark
cartilage had no anti-cancer activity and no
effect on quality of life.8

Conclusion
There is currently no evidence from clinical
trials that shark cartilage helps to cure
cancer in humans.

Precautions/contraindications

Avoid in patients with hepatic disease. There has
been a single case report of hepatitis attributed
to shark cartilage.9

Pregnancy and breast-feeding

There are no available data. Shark cartilage
should be avoided.
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Adverse effects

Hepatitis and various gastrointestinal effects
(e.g. nausea, vomiting constipation) have been
reported. A case study has found that shark
cartilage dust can be a cause of asthma. A
38-year-old man reported chest symptoms at
work in association with exposure to shark
cartilage dust and was diagnosed with asthma.
Six months later he complained of shortness
of breath and died from autopsy-confirmed
asthma.10

Interactions

None reported.

Dose

Shark cartilage is available in the form of tablets,
capsules and powder.

The dose is not established. There is no
proven value of shark cartilage supplements.
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Silicon

Description

Silicon is a non-metallic element found in plants,
animals and most living organisms. The term
silica is used to refer to naturally-occurring ma-
terials composed principally of silicon dioxide
(SiO2). It is thought to be essential for human
beings.

Human requirements

Although silicon is thought to be essential,
human requirements for silicon have not been
established. There are no Dietary Reference
Values.

Intake

The intake of dietary silicon in the UK is
unknown. Intakes in the USA range from 20
to 50 mg daily.1

Action

Silicon is involved in the formation of bone
and connective tissues. The precise mechanism
is uncertain. However, it has been suggested
that silicon could facilitate the formation of
glycosaminoglycan and collagen components of
the bone matrix through its role as a constituent
of the enzyme prolyhydrolase. Alternatively,
it may have a structural role in glycosamino-
glycans and linking different polysaccharides
in the bone matrix.2 Silicon also appears to
have a role in reducing the absorption of
aluminium.3

Dietary sources

Silicon is found principally in foods derived
from plants, particularly grains such as oats,
barley and rice. Animal foods contain lower
concentrations. Beer is also a rich source of
silicon.4 Silicon is also found in drinking water
as orthosilicic acid. Consumption of 2 L a day
of drinking water could result in consumption
of 10 mg silicon.2

Metabolism

Absorption
Silicon in the form of silicic acid is readily
absorbed by human beings, and absorption is
increased by dietary fibre.

Distribution
Silica is freely transported in the blood and is
freely diffusible into tissues from the plasma.
High levels are present in bone, nails, tendons
and the walls of the aorta. Lower levels are
present in red blood cells and serum. Silicon has
also been found in the liver, kidneys, lungs and
spleen.

Elimination
Silicon is readily excreted in the urine with
smaller amounts being excreted in the faeces.
Silicon excretion increases as dietary intake is
increased.

Bioavailability

Silicon bioavailability depends on the solubility
of the silicon compounds in question. It is
thought that silicic acid is the form absorbed in
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the gastrointestinal tract. Absorption of silicic
acid from the gut has been reported to be
20–75%.

Deficiency

Silicon deficiency has not been observed in
humans. In rats and chickens, silicon defi-
ciency produces deformities of the skull and
peripheral bones.1 In silicon-deficient animals,
glycosaminoglycan and collagen concentrations
in bone are reduced. The concentration of
other minerals in bone such as calcium, mag-
nesium, zinc, sodium, iron, potassium and man-
ganese may also be decreased in silicon-deficient
animals.

Possible uses

Silicon has been claimed to have various ben-
efits such as reducing the risk of osteoporosis
and osteoarthritis, and preventing CHD and
hypertension. Silicon has been shown to have
an inhibitory effect on bone mass loss and
stimulation of bone formation in rats.5,6 It may
have a role in reducing the risk of Alzheimer’s
disease, because it may reduce the absorption of
aluminium.3 It is also claimed to improve hair
growth and have benefits for the skin. However,
no clinical trials in humans have been identified.

Precautions/contraindications

No at-risk groups or situations have been
documented.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee
the safety of silicon in pregnancy and breast-
feeding.

Adverse effects

There are few data on the oral toxicity of
silicon in humans. In humans, adverse effects

are primarily limited to silicosis, a lung disease
resulting from the inhalation of silica particles.

Interactions

Nutrients
Silicon has been reported to interact with a num-
ber of minerals, including aluminium, copper
and zinc.

Drugs
None reported.

Dose

The dose is not established. Dietary supplements
in the UK provide doses of up to 500 mg daily.

Upper safety levels

The Food Standards Agency Expert Vitamins
and Minerals (EVM) group set a safe upper level
for adults for total silicon intake (from foods
and supplements) of 760 mg daily.1
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Spirulina

Description

Spirulina is a blue-green microscopic alga; it
grows in freshwater ponds and lakes, thriving
in warm and alkaline environments.

Constituents

See Table 1 for the claimed nutrient content of
spirulina.

Action

Spirulina consists of approximately 65–70%
crude protein, high concentration of B vita-
mins, phenylalanine, iron and other minerals.
However all the B vitamins (including B12) are
thought to be in the form of analogues and
nutritionally insignificant. The iron is believed
to be highly bioavailable with 1.5–2 mg being
absorbed from a 10-g dose of spirulina.

Possible uses

Lipid lowering
Various pilot studies have shown that spirulina
may have a lipid-lowering and hypoglycaemic
effect in patients with non-insulin-dependent
diabetes mellitus (NIDDM). One study1 looked
at the long-term effect of spirulina supplemen-
tation (2 g daily) on blood sugar levels, serum
lipid profile and glycated serum protein levels
in 15 NIDDM patients. Supplementation for
2 months resulted in a significant reduction in
triglycerides and total cholesterol, as well as a
reduction in blood sugar and glycated serum
protein levels. Levels of HDL increased, while
those of LDL fell.

Table 1 Claimed1 nutrient content of spirulina

Nutrient per per typical % RNI2
100 g dose (10 g)

Protein (g) 70 7 –
Fat (g) 7 0.7 –
Carbohydrate (g) 15 1.5 –
Beta-carotene (mg) 170 17 –
Thiamine (mg) 5.5 0.5 55
Riboflavin (mg) 4.0 0.4 33
Niacin (mg) 11.8 1.2 8
Pyridoxine (mg) 0.3 0.03 2.5
Vitamin B12 (µg) 200 20 1333
Folic acid (µg) 50 5 2.5
Pantothenic acid

(mg)
1.1 0.1 –

Biotin (µg) 40 4 –
Vitamin E (mg) 19 0.2 –
Inositol (mg) 35 3.5 –
Calcium (mg) 132 13 2
Magnesium (mg) 192 19 6
Potassium (mg) 1540 154 4
Phosphorus (mg) 894 89 16
Iron (mg) 58 5.8 48
Zinc (mg) 4 0.4 6
Manganese (mg) 2.5 0.2 –
Selenium (µg) 40 4 2

1 Reported on a product label.
2 Reference Nutrient Intake for males aged 19–50 years.

Miscellaneous
Spirulina has been shown in vitro to have anti-
viral activity.2,3 It may also modulate inflamma-
tory compounds in allergic conditions. A recent
double-blind crossover study investigated the
effect of spirulina 1000 mg or 2000 mg daily for
12 weeks in individuals with allergic rhinitis. A
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dose of 2000 mg daily inhibited the production
of interleukin-4 (a type of cytokine), which
could be protective against allergic rhinitis.4

Spirulina is claimed to act as a tonic and be
beneficial in Alzheimer’s disease; peptic ulcer;
increasing stamina in athletes; and retarding
ageing. There is no evidence for any of these
claims. When spirulina was introduced into the
USA in 1979 as a slimming aid, the Food and
Drug Administration could find no evidence to
support these claimed benefits.

Conclusion
There is preliminary evidence that spirulina
could lower lipids and have an anti-viral
and anti-allergic effect. However, controlled
trials are required to confirm these effects.

Precautions/contraindications

Spirulina may be contaminated with mercury.

Pregnancy and breast-feeding

Avoid (contaminants – see Precautions).

Adverse effects

Effects not known (contaminants – see
Precautions).

Interactions

None known.

Dose

Spirulina is available in the form of tablets,
capsules and powders.

The dose is not established. There is no
proven benefit of spirulina. Dietary supplements
provide 6–10 g per daily dose.
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Superoxide dismutase

Description

Superoxide dismutase (SOD) is a group of
enzymes that is widely distributed in the body;
several different forms exist with varying metal
content. Copper-containing SOD is extracellu-
lar and present in high concentrations in the
lungs, thyroid and uterus and in small amounts
in plasma. SOD containing copper and zinc
is present within the cells and found in high
concentrations in brain, erythrocytes, kidney,
liver, pituitary and thyroid.

Action

SOD enzymes act as scavengers of superoxide
radicals, and protect against oxidative damage
(by catalysing conversion of superoxide radicals
to peroxide).

Possible uses

SOD is claimed to be useful for prevention of
CVD, cancer and retardation of ageing. Such
claims are partly based on studies that have
used SOD by injection in clinical management.
SOD is not absorbed from an oral dose and
dietary supplements are therefore likely to be
ineffective.

Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems reported, but there have been
insufficient studies to guarantee the safety of
SOD in pregnancy and breast-feeding.

Adverse effects

None reported from oral doses.

Interactions

None reported.

Dose

SOD is available in the form of tablets and
capsules. However, products may not have any
of the stated activity because they are acid-labile
and break down before absorption.

The dose is not established. Not recom-
mended as a dietary supplement (probably
ineffective).
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Thiamine

Description

Thiamine is a water-soluble vitamin of the
vitamin B complex.

Nomenclature

Thiamine is the British Approved Name for use
on pharmaceutical labels. Thiamin is used to
describe the vitamin present in food. It is known
also as vitamin B1 and aneurine.

Human requirements

Thiamine requirements depend on energy in-
take; values are therefore often given as
mg/1000 kcal and also as total values based on
estimated average energy requirements for the
majority of people in the UK (Table 1).

Dietary intake

In the UK, the average adult diet provides: for
men, 2.0 mg daily; for women, 1.54 mg.

Action

Thiamine functions as a coenzyme in the
oxidative decarboxylation of alpha-ketoacids
(involved in energy production) and in the trans-
ketolase reaction of the pentose phosphate path-
way (involved in carbohydrate metabolism).
Thiamine is also important in nerve transmis-
sion (independently of coenzyme function).

Dietary sources

See Table 2 for dietary sources of thiamine.

Metabolism

Absorption
Absorption occurs mainly in the jejunum and
ileum by both active transport and passive
diffusion.

Distribution
Thiamine is transported in the plasma bound
to albumin, and stored in the heart, liver,
muscle, kidneys and brain. Only small amounts
are stored and turnover is relatively high, so
continuous intake is necessary. Thiamine is
rapidly converted to its biologically active form,
thiamine pyrophosphate (TPP).

Elimination
Thiamine is eliminated mainly in the urine
(as metabolites). Excess beyond requirements is
excreted as free thiamine. Thiamine crosses the
placenta and is excreted in breast milk.

Bioavailability

Bioavailability may be reduced by alcohol.
Requirements are increased by increasing carbo-
hydrate intake. Thiamine is unstable above pH
7, and the addition of sodium bicarbonate to
peas or green beans (to retain the green colour)
can lead to large losses of thiamine. It is also
destroyed by heat and by processing foods
at alkaline pHs, high temperature and in the
presence of oxygen or other oxidants. Freezing
does not affect thiamine.

Thiamine antagonists (thiaminases) in coffee,
tea, raw fish, betel nuts and some vegetables
can lead to thiamine destruction in foods during
food processing or in the gut after ingestion.
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Table 1 Dietary Reference Values for thiamine (mg/day)

EU RDA = 1.6 mg

Age UK USA
FAO/WHO

LNRI1 EAR1 RNI1 RNI2 EVM RDA2 TUL RNI2

0–6 months 0.2 0.23 0.3 0.2 0.2 – 0.2
7–12 months 0.2 0.23 0.3 0.3 0.3 – 0.3
1–3 years 0.23 0.3 0.4 0.5 0.5 – 0.5
4–6 years 0.23 0.3 0.4 0.7 0.7 – 0.6
4–8 years 0.6
7–10 years 0.23 0.3 0.4 0.7 – 0.9a

9–13 years 0.9 – –

Males
11–14 years 0.23 0.3 0.4 0.9 – 1.2b

15–50 years 0.23 0.3 0.4 0.9 1002 – 1.2
14–70+ years 1.2

Females
11–14 years 0.23 0.3 0.4 0.7 – 1.1b

14–18 years 1.0 – –
15–50+ years 0.23 0.3 0.4 0.8 1002 – 1.1
19–70+ years 1.1 – –
Pregnancy 0.23 0.3 0.4 +0.13 1.4 – +0.1
Lactation 0.23 0.3 0.4 +0.2 1.5– – +0.2

a 7–9 years. b 10–14 years.
1 mg/1000 kcal. 2 mg/day. 3 Last trimester only.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level (not determined for thiamine).

Deficiency

Thiamine deficiency may lead to beri-beri
(rare in the UK). Deficiency is associated with
abnormalities of carbohydrate metabolism.
Early signs of deficiency (including subclinical
deficiency) are anorexia, irritability and weight
loss; later features include headache, weakness,
tachycardia and peripheral neuropathy.

Advanced deficiency is characterised by
involvement of two major organ systems:
the cardiovascular system (wet beri-beri) and
the nervous system (dry beri-beri, Wernicke’s
encephalopathy and Korsakoff’s psychosis).
The Wernicke–Korsakoff syndrome may be ass-
ociated with a genetic variant of transketolase,

which requires a higher than normal concen-
tration of thiamine diphosphate for activity.1

This would suggest that there may be a group of
the population who have a higher than average
requirement for thiamine, but the evidence
is not convincing. Signs of wet beri-beri in-
clude enlarged heart with normal sinus rhythm
(usually tachycardia), and peripheral oedema.
Signs of dry beri-beri include mental confusion,
anorexia, muscle weakness and wasting, ataxia
and ophthalmoplegia.

Thiamine deficiency has been observed in
HIV-positive patients,2 those with chronic fa-
tigue syndrome,3 hospitalised elderly patients,4

and patients on emergency admission to
hospital.5
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Table 2 Dietary sources of thiamine

Food portion Thiamine
content (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.4
1 bowl Bran Flakes (45 g) 0.5
1 bowl Corn Flakes (30 g) 0.3
1 bowl muesli (95 g) 0.4
1 bowl porridge (160 g) 0.1
2 pieces Shredded Wheat 0.15
1 bowl Shreddies (50 g) 0.6
1 bowl Start (40 g) 0.6
2 Weetabix 0.4
Cereal products
Bread, brown, 2 slices 0.2

white, 2 slices 0.15
wholemeal, 2 slices 0.2

1 chapati 0.15
1 naan bread 0.3
1 white pitta bread 0.15
Pasta, brown, boiled (150 g) 0.3

white, boiled (150 g) 0.01
Rice, brown, boiled (160 g) 0.2

white, boiled (160 g) 0.01
2 heaped tablespoons wheatgerm 0.3
Milk and dairy products
1/2 pint milk, whole, semi-skimmed, or

skimmed
0.1

1/2 pint soya milk 0.15
Cheese, 50 g 0.15
Meat and fish
3 rashers bacon, back, grilled 0.3
Beef, roast (85 g) 0.07
Lamb, roast (85 g) 0.12
Pork, roast (85 g) 0.55
1 pork chop, grilled (135 g) 0.7
2 slices ham 0.3
1 gammon rasher, grilled (120 g) 1.1
1 chicken leg portion 0.1
Liver, lambs, cooked (90 g) 0.2
Kidney, lambs, cooked (75 g) 0.4
Fish, cooked (150 g) 0.15
Vegetables
Peas, boiled (100 g) 0.3
Potatoes, boiled (150 g) 0.3
1 small can baked beans (200 g) 0.2
Chickpeas, cooked (105 g) 0.1
Red kidney beans (105 g) 0.2
Dahl, lentil (150 g) 0.1
Fruit
1 apple, banana, or pear 0.04
1 orange 0.2
Nuts
10 Brazil nuts 0.3
30 hazelnuts 0.1
30 peanuts 0.3
1 tablespoon sunflower seeds 0.1
Yeast
Brewer’s yeast (10 g) 1.6
Marmite, spread on 1 slice bread 0.15

Excellent sources (bold); good sources (italics).

Long-term furosemide use may be associated
with thiamine deficiency through urinary loss,
contributing to cardiac insufficiency in patients
with CHF. It has been suggested that thiamine
supplementation could improve left ventricular
function. However, study results are contro-
versial. One review suggested that, pending
further studies, thiamine administration could
be considered in patients receiving very large
doses of diuretics and others at risk for thiamine
deficiency (elderly, malnourished, alcoholic).6

There is also a form of diabetes that is depen-
dent on thiamine (thiamine-responsive megalo-
blastic anaemia syndrome (TRMA)), which is
the association of diabetes mellitus, anaemia
and deafness, caused by mutations in a gene
encoding a thiamine transporter protein. This
syndrome responds to thiamine initially, but
most patients become fully insulin-dependent
after puberty.7

Possible uses

Supplementary thiamine may be beneficial in
older people (> 65 years), people who consume
quantities of alcohol in excess of two units
daily, smokers and in HIV-positive patients.
However, deficiency of one B vitamin is often
associated with deficiencies in other B vitamins
and a multivitamin supplement is often more
appropriate.

A double-blind, placebo-controlled trial in 76
elderly people found that thiamine 10 mg daily
for 3 months significantly improved quality of
life, and reduced blood pressure and weight in
comparison with placebo, but only in subjects
with low thiamine status. There was also a
non-significant trend to improvements in sleep
and energy levels with supplementary thiamine,
and the authors concluded that older people
could benefit from increasing thiamine intake
from supplements or diet.8

Thiamine has been considered of value in
various conditions such as Alzheimer’s disease
and mouth ulcers.

Alzheimer’s disease
Preclinical and laboratory studies show an
effect of thiamine on the release and break-
down of acetylcholine. Some intellectual
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functions, including attention and memory,
are influenced by neurons that release acetyl-
choline. Cholinergic function is impaired in
Alzheimer’s disease. It has therefore been hy-
pothesised that thiamine many be beneficial in
Alzheimer’s disease. Biochemical abnormalities
have been found in the brains of patients
with Alzheimer’s disease. One double-blind,
placebo-controlled trial found that 3000 mg
thiamine daily improved global cognitive scores
compared with a niacinamide placebo, but had
no effect on behavioural ratings or clinician’s
subjective judgement of symptoms.9 Another
small, double-blind, placebo-controlled trial
using 3000 mg thiamine found no benefits of
thiamine over placebo in slowing the develop-
ment of Alzheimer’s disease.10 A more com-
plex placebo-controlled trial in patients with
Alzheimer’s disease, designed with two phases,
used doses of 3000 mg thiamine in the first
phase, which lasted 1 month, and then doses
of 4000–8000 mg daily over 5–13 months. In
the second phase, high-dose thiamine improved
scores on various neuropsychological tests, but
the authors advised caution in interpretation
of the results, to prevent hopes being unreal-
istically raised.11 A Cochrane review12 of three
RCTs concluded that the detail in the results was
insufficient to combine the results. The review
therefore found no evidence of the efficacy of
thiamine in people with Alzheimer’s disease.

Mouth ulcers
Low erythrocyte thiamine has been found in
people with recurrent mouth ulcers,13 and re-
placement of B vitamins (thiamine, riboflavine
and pyridoxine) led to improvement in clinical
symptoms in individuals who were deficient in
one or more of these vitamins.14

Insect repellent
Anecdotally, thiamine has been found to be of
value as an insect repellent, but studies have
shown it to be ineffective.15,16 Thiamine should
not be relied upon as an insect repellent in areas
where malaria is endemic.

Miscellaneous
Higher doses of thiamine (25–50 mg daily)
have been found to be beneficial in diabetic

neuropathy,17 HIV,18 erectile dysfunction,19

and periodontal wound healing,20 but usually
only in those with poor thiamine status. Studies
have sometimes used other B vitamins as well,
so it is difficult to attribute any benefits to
thiamine supplementation alone. One RCT has
shown that thiamine (100 mg daily) could be an
effective treatment for dysmenorrhoea.21

Conclusion
There is some evidence that the elderly
could benefit from increased thiamine in-
take, but evidence for a benefit of thiamine
supplementation in Alzheimer’s disease is
equivocal, and studies have used very high
doses (3000–7000 mg daily). Preliminary
evidence suggests that thiamine deficiency
could be associated with mouth ulcers,
but further research is required to find
out whether supplements can improve the
condition.

Precautions/contraindications

Known hypersensitivity to thiamine.

Pregnancy and breast-feeding

No problems reported.

Adverse effects

There appear to be no toxic effects (except pos-
sibly gastric upset) with high oral doses. Large
parenteral doses are generally well tolerated,
but there have been rare reports of anaphylactic
reactions (coughing, difficulty in breathing and
swallowing, flushing, skin rash, swelling of face,
lips and eyelids).

Interactions

Drugs
Alcohol: excessive alcohol intake induces thi-
amine deficiency.
Furosemide: may increase urinary loss of
thiamine;22 prolonged furosemide therapy
may induce thiamine deficiency;23,24 thiamine
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supplementation (200 mg daily) has been shown
to improve left ventricular function in patients
with CHF receiving furosemide therapy.25

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.

Dose

Thiamine is available in the form of tablets and
capsules. It is also found in multivitamins and
in brewer’s yeast supplements.

No benefit of a dose beyond the RDA (as a
food supplement) has been established.

Doses for mild and severe deficiency can be
found in the British National Formulary. The
dose for prophylaxis or treatment of Wernicke–
Korsakoff syndrome caused by alcohol abuse,
and the length of time that thiamine should be
given after drinking has ceased, has not been
clarified.26

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of thiamine for adults from supplements alone
of 100 mg daily.
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Tin

Description

Tin is a metallic element usually found in the
form of the dioxide (SnO2). It has oxidation
states of II and IV. Tin has not been shown to
be essential in humans, but it is present in a
few multivitamin/multimineral supplements in
the UK.

Human requirements

Human requirements for tin have not been
established. There are no Dietary Reference
Values. The Food Standards Agency Expert
Vitamins and Minerals (EVM) group stated that
intake of tin of up to 0.22 mg/kg body weight
per day (equivalent to 13 mg tin daily in a
60-kg adult) would not be expected to have any
harmful effects but did not set a safe upper level
or guidance level for adults for supplemental tin
intake.1

Intake

Mean intake of dietary tin in the UK is 1.8 mg
daily, with an estimated maximum intake of
6.3 mg daily.1

Action

The actions of dietary tin are not known.
However, it is thought that it may function as
part of metalloenzymes.

Dietary sources

Tin intake is essentially dependent on food
stored in tin cans. The main dietary sources of
tin are canned vegetables and fruit products.

The presence of tin in fresh food is highly
dependent on the soil concentration of tin.
Stannous chloride is a permitted food additive
(E512).

Metabolism

Absorption
Tin is poorly absorbed from the gastrointestinal
tract.

Distribution
Tin is concentrated principally in bone, lymph
nodes, liver, kidney, lung, ovary and testis.

Elimination
The majority of ingested tin is eliminated in the
faeces, with the remainder in the urine.

Bioavailability

Bioavailability varies and depends on the oxida-
tion state of the tin salt.

Deficiency

Tin deficiency has not been observed in humans
or animals.

Possible uses

No beneficial human health effects from con-
suming dietary tin are known. Tin has been
claimed to have immune-enhancing properties
in animals, but there is no evidence that tin has
these effects in humans.
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Precautions/contraindications

None reported.

Pregnancy and breast-feeding

No problems have been reported, but there
have not been sufficient studies to guarantee the
safety of tin in pregnancy and breast-feeding.

Adverse effects

Acute tin poisoning (from food or drinks) is
associated with gastrointestinal effects (cramps,
vomiting, nausea and diarrhoea), headaches and
chills.

Interactions

None reported.

Dose

The dose is not established. Supplements in the
UK contain up to 10 µg in a daily dose.

References
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Vanadium

Description

Vanadium is a trace element. It is debatable
whether or not it is an essential element in the
diet of human beings. It exists in at least six
different oxidation states. The tetravalent and
pentavalent forms are the most important in
higher animals.

Human requirements

Human requirements for vanadium have not
been established. There are no Dietary Refer-
ence Values. It is thought that 10 µg daily is
adequate. The US Food and Nutrition Board set
a Tolerable Upper Intake level of 1.8 mg daily in
adult men and women from the age of 19 years.

Dietary intake

The intake of dietary vanadium in the UK
averages 13 µg daily.1 Intakes in the USA range
from 10 to 60 µg daily.2

Action

Vanadium does not have a defined func-
tion in human beings. Vanadate ions in-
hibit the sodium/potassium-ATPase pump and
phosphate-dependent enzymes (e.g. glucose-6-
phosphatase, alkaline phosphatase).

Dietary sources

Grains and grain products are significant
sources of dietary vanadium. Marine organ-
isms, brown algae, lichen, parsley, oysters,
spinach and mushrooms are rich sources of
vanadium.1,3

Metabolism

Absorption
Vanadium is poorly absorbed. Absorption oc-
curs in the duodenum and upper gastrointestinal
tract. The vanadate ion enters cells through
non-specific anion channels and is reduced by
glutathione.

Distribution
Vanadium is rapidly cleared from plasma and
accumulates in kidney, liver, testes, bone and
spleen. The vanadate ion binds to the iron-
binding proteins lactoferrin, transferrin and
ferritin. Tissues with the highest concentrations
include lung, thyroid, teeth and bone. The
quadrivalent form of vanadium is most common
intracellularly, while the pentavalent form is the
most common extracellularly.2

Elimination
Vanadium is excreted primarily through the
kidney, with a small amount through the bile.

Bioavailability

Only about 5% of ingested vanadium is ab-
sorbed.

Deficiency

No cases of human vanadium deficiency have
been reported, but deficiency has been suggested
to be associated with CVD.1 Vanadium defi-
ciency in goats leads to an increase in abor-
tion, convulsions, bone malformations and early
death. In rats, vanadium deficiency increases
thyroid weight and decreases growth.
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Possible uses

Diabetes mellitus
Vanadium appears to potentiate the effects of
insulin and may have benefits in diabetes. In
vitro and animal studies indicate that vana-
dium and other vanadium compounds increase
glucose transport activity and improve glucose
metabolism.

A few small human studies have investigated
the effects of vanadium in diabetes. The earliest
human trial involved five patients with type 1
diabetes and five patients with type 2 diabetes
who were studied before and after 2 weeks of
oral sodium metavanadate (125 mg daily). Glu-
cose metabolism was not improved by vanadate
therapy. There was a significant decrease in
insulin requirements in the patients with type
1 diabetes, cholesterol levels decreased in both
groups and there was an increase in mitogen-
activated protein and S6 kinase activities in
mononuclear cells from patients in both groups
that mimicked the effects of insulin stimulation
in controls.4

A further trial in six subjects with type
2 diabetes found that 3-week treatment with
oral vanadyl sulphate improved hepatic and
peripheral insulin sensitivity in insulin-resistant
type 2 diabetics.5 Another part of the same
trial conducted by the same research group
found that oral vanadyl sulphate improved
hepatic and skeletal muscle insulin sensitivity in
type 2 diabetics in part by enhancing insulin’s
inhibitory effect on lipolysis.6

Another trial in eight patients with type
2 diabetes found that oral vanadyl sulphate
(50 mg twice daily for 4 weeks) was associated
with a 20% decrease in fasting plasma glucose
and a decrease in hepatic glucose output dur-
ing hyperinsulinaemia (a reduction in hepatic
insulin resistance).7

A later study investigated the effect of
vanadyl sulphate at three doses in 16 type 2 dia-
betic patients. Fasting glucose and haemoglobin
A1c decreased significantly in the 150- and 300-
mg vanadyl sulphate groups, but the mechanism
on insulin action was not clear from this study.8

A more recent study in 11 type 2 diabetic
subjects found that vanadyl sulphate 150 mg
daily for 6 weeks significantly improved hepatic

and muscle insulin sensitivity and improved gly-
caemic control, reducing fasting plasma glucose
and haemoglobin A1c, while decreasing total
and LDL cholesterol.9

Ergogenics
Vanadium has been promoted as an ergogenic
aid in sports. However, a 12-week, double-
blind, placebo-controlled trial of vanadyl sul-
phate (0.5 mg/kg/day) in 31 weight-training sub-
jects found no benefit of vanadium in improving
performance.10

Conclusion
Vanadium is a trace element for which there
is no evidence of dietary essentiality in
humans. However, pharmacological doses
appear to have a role in insulin and glu-
cose metabolism. Human trials in diabetic
subjects have shown beneficial effects in
glycaemic control and insulin sensitivity,
but they have involved small numbers of
subjects. There is no evidence that vanadium
supplements have a role in sports perfor-
mance.

Precautions/contraindications

See Adverse effects.

Pregnancy and breast-feeding

No problems reported, but safety studies have
not been conducted.

Adverse effects

Vanadium causes abdominal cramps, diarrhoea,
haemolysis, increased blood pressure and fa-
tigue. The primary toxic effect in humans occurs
from inhaling vanadium dust in industrial set-
tings. This is characterised by rhinitis, wheezing,
conjunctivitis, cough, sore throat and chest
pain.2

Interactions

None reported.
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Dose

The dose is not established. Food supplements
in the UK provide up to 25 µg in a daily dose.
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Vitamin A

Description

Vitamin A is a fat-soluble vitamin.

Nomenclature

Vitamin A is a generic term used to describe
compounds that exhibit the biological activity
of retinol. The two main components of Vitamin
A in foods are retinol and the carotenoids (see
Carotenoids).

The term ‘retinoid’ refers to the chemical
entity retinol or other closely related naturally-
occurring derivatives. These include:

� retinal (retinaldehyde);
� retinoic acid;
� retinyl esters (e.g. retinyl acetate, retinyl

palmitate, retinyl propionate).

Retinoids also include structurally related syn-
thetic analogues that may or may not have
retinol-like (vitamin A) activity.

Units

The UK Dietary Reference Values express the
requirement for vitamin A in terms of retinol
equivalents:

Retinol equivalents (µg)

= retinol (µg) + beta-carotene equivalents (µg)
6

The system of International Units for Vitamin A
was discontinued in 1954, but continues to be
widely used (particularly on dietary supplement
labels):

1 retinol equivalent (µg) = 3.3 units

One unit is equal to:
� 0.3 retinol equivalents (µg)
� 0.3 µg retinol
� 0.3 µg retinol acetate
� 0.5 µg retinol palmitate
� 0.4 µg retinol propionate.

Human requirements

See Table 1 for Dietary Reference Values for
vitamin A.

Dietary intake

In the UK, the average adult diet provides
(retinol equivalents): for men, 911 µg daily; for
women, 671 µg.

Action

Vitamin A (in the form of retinal) is essential
for normal function of the retina, particularly
for visual adaptation to darkness. Other forms
(retinol, retinoic acid) are necessary to main-
tain the structural and functional integrity of
epithelial tissue and the immune system, cellular
differentiation and proliferation, bone growth,
testicular and ovarian function and embryonic
development. Vitamin A may act as a cofactor
in biochemical reactions.

Dietary sources

See Table 2 for dietary sources of vitamin A.

Metabolism

Absorption
Vitamin A is readily absorbed from the upper
gastrointestinal tract (duodenum and jejunum)
by a carrier-mediated process. Absorption
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Table 1 Dietary Reference Values for vitamin A (µg retinol equivalent/day)

EU RDA = 800 µg

Age UK USA
FAO/WHO

LNRI EAR RNI EVM RDA TUL RNI

0–6 months 150 250 350 4001 600 375
7–12 months 150 250 350 5001 600 400
1–3 years 200 300 400 300 600 400
4–6 years 200 300 400 – – 450
4–8 years – – – 400 900 –
7–10 years 250 350 500 – – 500a

9–13 years – – – 600 1700 –
Males
11–14 years 250 400 600 – – 600b

14–18 years – – – 900 2800 600
15–50+ years 300 500 700 1500 – – 600
19–70+ years – – – 900 3000 –
Females
11–14 years 250 400 600 1500 – – 600b

14–18 years – – – 700 2800 600
15–50+ years 250 400 250 700 3000 500
19–70+ years – – – 700
Pregnancy +100 7702 30003 800
Lactation +350 13004 30004 850
Elderly 65+ 600

∗ No increment.
a 7–9 years. b 10–14 years.
1 Adequate Intakes (AIs). 2 aged <18 years, 750 µg. 3 aged >18 years, 2800 µg. 4 aged <18 years, 1200 µg.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from foods and supplements.

requires the presence of gastric juice, bile salts,
pancreatic and intestinal lipase, protein and
dietary fat.

Distribution
The liver contains at least 90% of body stores
(approximately 2 years’ adult requirements).
Small amounts are stored in the kidney and
lungs. Vitamin A is transported in the blood
in association with a carrier, retinol binding
protein (RBP).

Elimination
Vitamin A is eliminated in the bile or urine (as
metabolites). It appears in the breast milk.

Bioavailability

Absorption of vitamin A is markedly reduced if
the intake of dietary fat is < 5 g daily (extremely
rare) and by the presence of peroxidised fat and
other oxidising agents in food. Deficiencies of
protein (extremely rare in the UK), vitamin E
and zinc, and excessive amounts of alcohol,
adversely affect vitamin A transport, storage
and utilisation.

Deficiency

Vitamin A deficiency is widespread in young
children in developing countries and is
associated with general malnutrition in these
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Table 2 Dietary sources of vitamin A

Food portion Retinol (µg)

Cereals
Breads, grains, cereals 0
Milk and dairy products
1/2 pint whole milk 150
1/2 pint semi-skimmed milk 55
1/2 pint skimmed milk 2
1/2 pint skimmed milk, fortified 100–150 (various

brands)
2 tablespoons dried skimmed milk,

fortified (30 g)
120

Single cream (35 g) 100
Whipping cream (35 g) 190
Double cream (35 g) 200
Hard cheese (e.g. cheddar),

50 g
160

Hard cheese, reduced fat (50 g) 80
Brie cheese (50 g) 140
Cream cheese (30 g) 130
1 carton yoghurt, low fat (150 g) 10
1 carton yoghurt, whole milk

(150 g)
45

Ice cream, dairy (75 g) 90
Ice cream, non-dairy (75 g) 1
1 egg, size 2 (60 g) 110
Fats and oils
Butter, on 1 slice bread (10 g) 80
Margarine, on 1 slice bread

(10 g)
80

Low-fat spread, on 1 slice bread
(10 g)

92

2 tablespoons ghee (30 g) 210
2 teaspoons cod liver oil

(10 ml)
1800

Meat and fish
Bacon, beef, lamb, pork, poultry Trace
Kidney, lambs, cooked (75 g) 80
Liver, lambs, cooked (90 g) 20 000
Liver, calf, cooked (90 g) 36 000
Liver, ox, cooked (90 g) 18 000
Liver, pigs, cooked (90 g) 21 000
Liver paté (60 g) 4400
4 slices liver sausage (35 g) 870
White fish Trace
2 fillets herring, cooked (110 g) 60
2 fillets kipper, cooked (130 g) 40
2 fillets mackerel, cooked

(110 g)
55

Note: For dietary sources of beta-carotene, see Carotenoids
monograph.
Excellent sources (bold); good sources (italics).

countries. In the UK, deficiency is relatively rare
(especially in adults), but marginal intakes may
occur in children.

Symptoms of deficiency include night blind-
ness (due to decreased sensitivity of rod
receptors in the retina); xerophthalmia (can be
irreversible), characterised by conjunctival and
corneal xerosis, ulceration and liquefaction;
ultimately severe visual impairment and blind-
ness; dryness of the skin and papular eruptions
(not a unique indicator of vitamin A deficiency
because other nutrient deficiencies cause similar
disorders); metaplasia and keratinisation of the
cells of the respiratory tract and other organs;
increased susceptibility to respiratory and uri-
nary tract infections; occasionally diarrhoea and
loss of appetite.

Possible uses

Children
The Department of Health advises that most
children from the age of 6 months to 5 years
should receive supplements of vitamins A and
D, unless the adequacy of their diet can be
assured.1

Cancer
A large number of studies have assessed the
association between vitamin A and cancer, but
not all of them distinguish between retinol
(preformed vitamin A) and carotenoids. Some
case-control studies reporting on the association
between preformed vitamin A and breast cancer
have found modest decreases in risk with higher
intake,2–4 but others5,6 have found no associ-
ation. Prospective data are compatible with a
modest protective effect of preformed vitamin
A.7–9

There is some preliminary evidence that
preformed vitamin A may be modestly pro-
tective against colon cancer in both men10

and women.11 In a nested case-control study,12

subjects in the highest quintile of serum retinol
were at reduced risk of colon cancer for up to
9 years of follow-up. However, another study13

failed to find any association between colon
cancer and vitamin A intake.

Most data suggest that preformed vitamin A
does not protect against prostate cancer, and an
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initial study14 suggesting an adverse effect has
not been confirmed. However, the possibility
that higher intakes of vitamin A increase the risk
of prostate cancer requires further investigation.

The risk of lung cancer may be related to
dietary carotene intake rather than retinol, and
studies have shown no benefit of vitamin A in
prevention of lung cancer.15–17

There is some evidence that people taking
vitamin A-containing supplements have a lower
risk of gastric cancer than non-users.18

Miscellaneous
There is no evidence of any value of vitamin A
in eye problems, or prevention and treatment
of infections unrelated to vitamin A deficiency.
Vitamin A supplements in normal safe doses
have no proven benefits in skin problems (e.g.
acne), but synthetic retinoids may be prescribed
for this purpose.

Single case studies have appeared periodically
in the literature indicating that vitamin A may
be beneficial in PMS, but these effects have not
been confirmed in randomised trials.

Conclusion
The Department of Health recommends a
supplement containing vitamin A (and vita-
min D) in children aged 6 months to 5 years,
unless a good diet can be assured. There
is very little evidence for any benefit of
vitamin A supplements except for cases of
deficiency. Evidence for a role of preformed
vitamin A in cancer is limited. Such evidence
as exists relates more to carotenoids.

Pregnancy and breast-feeding

Excessive doses of vitamin A have been shown
to be teratogenic,19,20 although the level at
which this occurs has not been firmly estab-
lished. No teratogenic effects were observed in
1203 women receiving 6000 units daily at least
from 1 month prior to conception until the 12th
week of pregnancy,21 and an apparent threshold
of 10 000 units daily has been identified.22

Other studies23,24 suggest low risk with intakes
up to 30 000 units daily.

The Department of Health has recommended
that women who are (or may become) pregnant
should not take dietary supplements that con-
tain vitamin A (including fish liver oil), except
on the advice of a doctor or antenatal clinic, and
should also avoid liver and products containing
liver (e.g. liver pate and liver sausage).

Adverse effects

Acute toxicity
Acute toxicity may be induced by single doses of
300 mg retinol (1 million units) in adults, 60 mg
retinol (200 000 units) in children or 30 mg
retinol (100 000 units) in infants.

Signs and symptoms are usually transient
(usually occurring about 6 h after ingestion
of acute dose and disappearing after 36 h)
and include severe headache (due to raised
intracranial pressure), sore mouth, bleeding
gums, dizziness, vomiting, blurred vision,
hepatomegaly, irritability and (in infants)
bulging of the fontanelle.

Chronic toxicity
Signs of chronic toxicity may appear when daily
intake is >15 mg retinol (50 000 units) in adults
and 6 mg (20 000 units) in infants and young
children.

Signs may include dryness of the skin, pru-
ritis, dermatitis, skin desquamation, skin ery-
thema, skin rash, skin scaliness, papilloedema,
disturbed hair growth, fissure of the lips, bone
and joint pain, hyperostosis, headache, fatigue,
irritability, insomnia, anorexia, nausea, vomit-
ing, diarrhoea, weight loss, hepatomegaly, hep-
atotoxicity, raised intracranial pressure, bulging
fontanelle (in infants), and hypercalcaemia (due
to increase in activity of alkaline phosphatase
activity).

Not all signs appear in all patients, and
relative severity varies widely among different
individuals. Most signs and symptoms disap-
pear within a week, but skin and bone changes
may remain evident for several months.

Osteoporosis
Excessive vitamin A intake is thought to have
a detrimental effect on bone and increase the
risk of osteoporosis and fracture. Two Swedish
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studies – a cross-sectional study involving 175
women aged 28–74 years and a nested case-
control study in 247 women aged 40–76 years –
found that retinol intake was negatively
associated with BMD.25 A prospective analy-
sis begun in 1980 with 18 years’ follow-up
within the Nurses’ Health Study, and involv-
ing 72 337 post-menopausal women aged 34–
77 years, found that women in the highest
quintile of vitamin A intake (≥3000 µg daily of
retinol equivalents) had a significantly elevated
risk of hip fracture compared with women
in the lowest quintile of intake (< 1250 µg
daily). This increased risk was attributable to
retinol, not to beta-carotene, and was atten-
uated among women using post-menopausal
oestrogens.26 A longitudinal study in 2322 men
aged 49–51 years found that the highest risk
of fracture was found in men with the highest
levels of serum retinol.27 However, other stud-
ies in men,28 perimenopausal women,29 post-
menopausal women,30 and elderly women31

have not found detrimental effects on bone.
A review concluded that patients should be
made aware of the potential risks of con-
suming vitamin A in amounts exceeding the
RDA.32

Interactions

Drugs
Anticoagulants: large doses of vitamin A
(>750 µg; 2500 units) may induce a hypopro-
thrombinaemic response.
Colestyramine and colestipol: may reduce
intestinal absorption of vitamin A.
Colchicine: may reduce intestinal absorption of
vitamin A.
Liquid paraffin: may reduce intestinal absorp-
tion of vitamin A.
Neomycin: may reduce intestinal absorption of
vitamin A.
Retinoids (acitrecin, etreninate, isotretinoin,
tretinoin): concurrent administration of vitamin
A may result in additive toxic effects.
Statins: prolonged therapy with statins may
increase serum vitamin A levels.
Sucralfate: may reduce intestinal absorption of
vitamin A.

Nutrients
Iron: in vitamin A deficiency, plasma iron levels
fall.
Vitamin C: under conditions of hypervita-
minosis A, tissue levels of vitamin C may be
reduced and urinary excretion of vitamin C
increased; vitamin C may ameliorate the toxic
effects of vitamin A.
Vitamin E: large doses of vitamin A increase the
need for vitamin E; vitamin E protects against
the oxidative destruction of vitamin A.
Vitamin K: under conditions of hypervita-
minosis A, hypothrombinaemia may occur;
it can be corrected by administration of
vitamin K.

Dose

Vitamin A supplementation is not normally
required in the UK.

Therapeutic doses may be given but only
under medical supervision. For example, in
cystic fibrosis, doses of 1200–3300 µg (4000–
10 000 units) daily may be given.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of vitamin A (retinol equivalents) for adults
from supplements alone of 1500 µg daily.
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Vitamin B6

Description

Vitamin B6 is a water-soluble member of the
vitamin B complex.

Nomenclature

Vitamin B6 is a generic term used to describe
compounds that exhibit the biological activity
of pyridoxine. It occurs in food as pyridoxine,
pyridoxal and pyridoxamine. Thus the term
‘pyridoxine’ is not synonymous with the generic
term ‘vitamin B6’.

Human requirements

Vitamin B6 requirements depend on protein
intake; values are therefore given as µg/g protein
and also as total values (Table 1).

Dietary intake

In the UK, the average adult daily diet provides:
for men, 2.9 mg; for women, 2.0 mg.

Action

Vitamin B6 is converted in erythrocytes to
pyridoxal phosphate and, to a lesser extent,
pyridoxamine phosphate. It acts as a cofactor
for enzymes that are involved in more than
100 reactions affecting protein, lipid and carbo-
hydrate metabolism. Pyridoxal phosphate is
also involved in the synthesis of several neuro-
transmitters; the metabolism of several vitamins
(e.g. the conversion of tryptophan to niacin);
and haemoglobin and sphingosine formation.

Dietary sources

See Table 2 for dietary sources of vitamin B6.

Metabolism

Absorption
Absorption occurs mainly by a non-saturable
process (absorption is greatest in the jejunum).

Distribution
Vitamin B6 is stored in the liver, muscle and
brain. Pyridoxal phosphate is transported in the
plasma (bound to albumin) and in erythrocytes
(in association with haemoglobin).

Elimination
Primarily in the urine (mainly as metabolites),
but excess amounts are excreted largely un-
changed. It also appears in breast milk.

Bioavailability

Bioavailability of vitamin B6 is affected by food
processing and storage. The vitamin is sensitive
to light, especially in acid or neutral solutions.

Deficiency

Deficiency of vitamin B6 does not produce
a characteristic syndrome, but as with de-
ficiency of the other B vitamins, symptoms
such as dermatitis, cheilosis, glossitis and angu-
lar stomatitis may occur. Advanced deficiency
may produce weakness, irritability, depression,
dizziness, peripheral neuropathy and seizures;
diarrhoea, anaemia and seizures are particular
characteristics of deficiency in infants and chil-
dren. Chronic deficiency may lead to secondary
hyperoxaluria (increased risk of kidney stone
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Table 1 Dietary Reference Values for vitamin B6 (mg/day)

EU RDA = 2 mg

Age UK USA
FAO/WHO

LNRI1 EAR1 RNI1 RNI2 EVM RDA2 TUL2 RNI2

0–6 months 3.5 6 8 0.2 0.13 – 0.1
7–9 months 6 8 10 0.3 0.33 – 0.3
10–12 months 8 10 13 0.4 0.3 – 0.3
1–3 years 8 10 13 0.7 0.5 30 0.5
4–6 years 8 10 13 0.9 – – 0.6
4–8 years – – – – 0.6 40 –
7–10 years 8 10 13 1.0 – – 1.0a

9–13 years 1.0 60 –
Males
11–14 years 11 13 15 1.2 – – 1.3b

14–18 years 1.3 80 1.3
15–18 years 11 13 15 1.4 –
19–50+ years 11 13 15 1.4 10 1.3 100 1.3
51–70+ years – – – – 10 1.7 100 1.7
Females
11–14 years 11 13 15 1.0 – – 1.2b

14–18 years – – – – 1.2 80 1.2
15–18 years 11 13 15 1.2 – – –
19–50+ years 11 13 15 1.2 10 1.3 100 1.3
51–70+ years – – – – 10 1.5 100 1.5
Pregnancy * * * * 1.9 1004 1.9
Lactation * * * * 2.0 1004 2.0

∗no increment.
a 7–9 years. b 10–14 years.
1 µg/g protein. 2 mg/day. 3 Adequate Intakes (AIs). 4 ≤18 years = 80 mg.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from food and supplements.

formation) and to hypochromic, microcytic
anaemia.

Possible uses

Vitamin B6 has been investigated for a range of
conditions, including carpal tunnel syndrome,
PMS, asthma, diabetic neuropathy, CVD and
autism.

Carpal tunnel syndrome
Idiopathic carpal tunnel syndrome, with
swelling of the synovia and compression of

the median nerve by the transverse carpal
ligament, has been attributed to pyridoxine
deficiency.1,2 Several uncontrolled studies in the
1980s demonstrated the efficacy of vitamin B6
treatment.3–5 However, another study showed
no consistent improvement in patients with
carpal tunnel syndrome and normal vitamin B6
status.6 These findings led to the suggestion7

that clinical improvement in some patients
with carpal tunnel syndrome may be due to
correction of unrecognised peripheral neuropa-
thy, which could compound symptoms of the
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Table 2 Dietary sources of vitamin B6

Food portion Vitamin B6
content (mg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.6
1 bowl Bran Flakes (45 g) 0.8
1 bowl Corn Flakes (30 g) 0.6
1 bowl muesli (95 g) 1.5
1 bowl Start (40 g) 1.1
2 Weetabix 0.4
Milk and dairy products
1/2 pint milk, whole, semi-skimmed or

skimmed
0.15

1/2 pint soya milk 0.15
Meat and fish
Beef, roast (85 g) 0.3
Lamb, roast (85 g) 0.2
Pork, roast (85 g) 0.3
2 slices ham 0.3
1 chicken leg portion 0.3
Liver, lambs, cooked (90 g) 0.4
Kidney, lambs, cooked (75 g) 0.2
Fish, cooked (150 g) 0.5
Vegetables
Potatoes, boiled (150 g) 0.5
1 small can baked beans (200 g) 0.3
Fruit
1/2 an avocado pear 0.4
1 banana 0.3
Nuts
30 peanuts 0.2
Yeast
Brewer’s yeast (10 g) 0.2

Excellent sources (bold); good sources (italics).

syndrome. A review article concluded that stud-
ies have not provided sufficient evidence for
the use of vitamin B6 as the sole treatment
for carpal tunnel syndrome, but that it could
be of some benefit as adjunct therapy because
of its potential benefit on pain perception and
increasing pain threshold.8

Premenstrual syndrome
Pyridoxine has been reported to be of benefit
in PMS,9–11 but some researchers have found
no significant benefit.12–14 Doses of pyridoxine
that have shown beneficial effects have been

relatively high (500 mg daily) and these high
doses should not be recommended because of
the risk of toxicity. However, a good response
has been reported with a dose of 50 mg daily.15

Studies are complicated by the subjective nature
of symptoms in PMS, and conclusions are
limited by the low quality of many of the
trials. Nevertheless, a systematic review16 of
nine published trials representing 940 patients
with premenstrual syndrome suggests that doses
of vitamin B6 up to 100 mg daily are likely to
be of benefit in treating premenstrual symptoms
and premenstrual depression.

Asthma
Low vitamin B6 status has been reported
in adults with asthma,17,18 and in asthmatic
children.19 This may in part be due to use of
theophylline (which was more commonly used
in the USA at the time of the studies), which
reduces vitamin B status.20,21 A supplement
of 15 mg of pyridoxine per day reduced side-
effects of theophylline related to nervous system
function.22

Vitamin B6 supplementation (50 mg daily)
reduced the severity and frequency of asthma
attacks,18 and pyridoxine (200 mg daily) re-
duced the need for asthma medication in
children.23 However, a dose of 300 mg daily
failed to improve asthma in patients requiring
steroids.24

Diabetic neuropathy
Peripheral neuropathy in patients with dia-
betes has been suggested to be associated with
pyridoxine deficiency. Diabetic patients with
symptoms of neuropathy and low vitamin B6
status were given 150 mg of vitamin B6 daily
for 6 weeks.25 Neuropathic symptoms were
eliminated in all subjects. The same dose of
pyridoxine gradually improved pain in patients
with painful neuropathy.26 In diabetic patients
whose vitamin B6 status was normal, pyridoxine
supplementation resulted in no improvement
in neuropathic symptoms.27 Further studies are
required to investigate the possible benefits of
vitamin B6 in diabetic neuropathy.

Coronary heart disease
A raised level of plasma homocysteine is asso-
ciated with an increased risk of CHD. This in
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turn has been linked with low intake and low
level of folic acid and other B vitamins, including
vitamin B6. However, whether vitamin B6 has
an influence independent of folic acid is un-
certain. In the Framingham Heart Study,28

folic acid, vitamin B6 and vitamin B12 were
determinants of homocysteine levels, with folic
acid showing the strongest association. In the
Nurse’s Health Study,29 those with the highest
vitamin B6 intake had a 33% lower risk of heart
disease than those with the lowest intake, while
in those with the highest intake of both vitamin
B6 and folate, the risk of heart disease was
reduced by 45%. In a prospective, case-cohort
study, heart disease was negatively associated
with plasma vitamin B6 in both men and
women, and after correcting for a large number
of risk factors, the association with pyridoxine
still held, pointing to the possibility that vitamin
B6 offers independent protection.30 However,
two meta-analyses31,32 concluded that although
folic acid reduced plasma homocysteine, vita-
min B6 had no additional effect. In a recent Swiss
RCT, 553 patients who had undergone percu-
taneous coronary intervention were randomised
to receive a combination of vitamin B6 (10 mg
daily), vitamin B12 (400 µg daily) and folic acid
1 mg daily. This vitamin combination was found
to significantly reduce the incidence of major
adverse events after percutaneous coronary
intervention.33

Miscellaneous
Pyridoxine has also been reported to be ef-
fective in treating pregnancy sickness34,35 and
hypertension.36 Some studies have shown it to
be effective for depression,37,38 but a systematic
review concluded that meaningful benefit was
not apparent.39

Autism has also been shown to respond to
vitamin therapy, including vitamin B6, but a
review of 12 studies using vitamin B6 and mag-
nesium concluded that although results were
favourable, studies suffered from methodolog-
ical problems of poor design, small numbers
of subjects and lack of long-term follow-up.40

A Cochrane review investigated the effect of
vitamin B6 and magnesium in autism but due to
the small number of studies, the methodological
quality and small sample sizes, the review

concluded that no recommendation could be
made regarding the use of vitamin B6 and
magnesium for autism.41

Vitamin B6 has also been investigated for a
possible role in cognitive function, on the basis
of its possible homocysteine lowering effect.
Homocysteine is a risk factor for cerebrovas-
cular disease. However, a Cochrane review
found no evidence from vitamin B6 in improving
cognitive function or mood.42

Conclusion
The role of vitamin B6 supplements in carpal
tunnel syndrome, PMS and asthma is con-
troversial, although supplements may help
some individuals. Low vitamin B6 status has
been linked with high plasma homocys-
teine levels and increased risk of CHD, but
whether vitamin B6 has an effect indepen-
dent of folic acid and vitamin B12 is not
yet clear. Further properly controlled clinical
trials are needed to assess the benefit of
vitamin B6 supplements for all these pur-
poses, as well as for autism, depression and
pregnancy sickness.

Precautions/contraindications

Hypersensitivity to pyridoxine.

Pregnancy and breast-feeding

No problems reported with normal intakes.
Large doses may result in pyridoxine depen-
dency in infants. There has been one report
of amelia of the leg at the knee in an infant
whose mother had taken 50 mg pyridoxine daily
during pregnancy.

Adverse effects

Peripheral neuropathy; unsteady gait; numbness
and tingling in feet and hands; loss of limb
reflexes; impaired or absent tendon reflexes;
photosensitivity on exposure to sun; dizziness;
nausea; breast tenderness; exacerbation of acne.

Adverse effects usually occur with large
doses only. Doses of 100–150 mg daily over
5–10 years have not generally been associated
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with toxicity. However, doses averaging 117 mg
daily have been associated with neurologi-
cal symptoms (e.g. numbness, tingling, bone
pain) in 60% of women taking supplements
for 3 years, but this study has been severely
criticised. Moreover, symptoms were reversed
6 months after patients stopped taking the
supplement.43 Another paper reported that
women taking 500–5000 mg daily for PMS
developed peripheral neuropathy over a 1- to
3-year period.44

Interactions

Drugs
Alcohol: increases turnover of pyridoxine.
Cycloserine: may cause anaemia or peripheral
neuritis by acting as pyridoxine antagonist.
Hydralazine: may cause anaemia or peripheral
neuritis by acting as pyridoxine antagonist.
Isoniazid: may cause anaemia or peripheral
neuritis by acting as pyridoxine antagonist.
Levodopa: effects of levodopa are reversed by
pyridoxine (even doses as low as 5 mg daily);
vitamin B6 supplements should be avoided;
interaction does not occur with co-beneldopa
or co-careldopa.
Oestrogens: (including oral contraceptives) may
increase requirement for vitamin B6.
Penicillamine: may cause anaemia or peripheral
neuritis by acting as pyridoxine antagonist.
Theophylline: may increase requirement for
vitamin B6.

Nutrients
Adequate amounts of all B vitamins are required
for optimal functioning; deficiency or excess of
one B vitamin may lead to abnormalities in the
metabolism of another.
Vitamin C: deficiency of vitamin B6 may lead to
vitamin C deficiency.

Dose

As a dietary supplement, 2–5 mg daily.
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Vitamin B12

Description

Vitamin B12 is a water-soluble member of the
vitamin B complex.

Nomenclature

Vitamin B12 is the generic term used to de-
scribe compounds that exhibit the biologi-
cal activity of cyanocobalamin. It includes a
range of cobalt-containing compounds, known
as cobalamins. Cyanocobalamin and hydroxo-
cobalamin are the two principal forms in clinical
use.

Human requirements

See Table 1 for Dietary Reference Values for
vitamin B12.

Dietary intake

In the UK, the average adult daily diet provides:
for men, 6.5 µg; for women, 4.8 µg.

Action

Vitamin B12 is involved in the recycling of
folate coenzymes and the degradation of valine.
It is also required for nerve myelination, cell
replication, haematopoiesis and nucleoprotein
synthesis.

Dietary sources

See Table 2 for dietary sources of vitamin B12.

Metabolism

Absorption
Absorption occurs almost exclusively in the ter-
minal ileum by an active saturable process, but
large amounts (>30 µg) may also be absorbed
by passive diffusion (a maximum of 1.5 µg
may be absorbed from oral doses of 5–50 µg).
For normal absorption, the vitamin must bind
to salivary haptocorrin and then to ‘intrinsic
factor’, a highly specific glycoprotein secreted
by the parietal cells of the stomach.

Distribution
Vitamin B12 is stored mainly in the liver. In the
blood, it is bound to specific plasma proteins
(transcobalamins).

Elimination
Elimination is via the urinary, biliary and faecal
routes. Enterohepatic recycling serves to con-
serve B12. Vitamin B12 appears in breast milk.

Deficiency

Deficiency of vitamin B12 leads to macrocytic,
megaloblastic anaemia. Symptoms include neu-
rological manifestations (due to demyelination
of the spinal cord, brain, and optic and
peripheral nerves), and less specific symptoms
such as weakness, sore tongue, constipation and
postural hypotension. Neuropsychiatric mani-
festations of deficiency may occur in the absence
of anaemia (particularly in the elderly).

Pernicious anaemia is a specific form of
anaemia caused by lack of intrinsic factor (not
lack of vitamin B12 in the diet).

Individuals with a reduced ability to absorb
vitamin B12 develop deficiency within 2–3 years.

324
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Table 1 Dietary Reference Values for vitamin B12 (µg/day)

EU RDA = 1 µg

Age UK USA
FAO/WHO

LNRI EAR RNI EVM RDA TUL RNI

0–6 months 0.1 0.25 0.3 0.4 – 0.4
7–12 months 0.25 0.35 0.4 0.5 – 0.5
1–3 years 0.3 0.4 0.5 0.9 – 0.9
4–6 years 0.5 0.7 0.8 – 1.2
4–8 years 1.2 – –
7–10 years 0.6 0.8 1.0 – – 1.8a

9–13 years 1.8 – –
Males
11–14 years 0.8 1.0 1.2 – – 2.4b

15–50+ years 1.0 1.25 1.5 1000 – – 2.4
14–70+ years 2.4 – –
Females
11–14 years 0.8 1.0 1.2 – – 2.4b

15–50+ years 1.0 1.25 1.5 1000 – – 2.4
14–70+ years 2.4 – –
Pregnancy * 2.6 – 2.6
Lactation +0.5 2.8 – 2.8

∗ No increment.
a 7–9 years. b 10–14 years.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from food and supplements.

Strict vegetarians (at risk of dietary deficiency,
but with normal absorptive efficiency) may
not show signs and symptoms for 20–30
years.

Possible uses

Vegans
Vitamin B12 is found only in animal products
and certain foods fortified with the vitamin (see
Table 2). If vegans do not regularly consume
a source of vitamin B12, they will require a
supplement. This applies particularly to ve-
gan women during pregnancy, as the infant
may suffer deficiency. Breast-fed infants whose
mothers do not take a source of B12 should be
supplemented.

The elderly
Prevalence of vitamin B12 deficiency increases
with age,1,2 especially over the age of 65 years,
and elderly people should be advised to take a
supplement or obtain their requirements from
fortified foods (e.g. breakfast cereals, yeast
spreads). Poor vitamin B12 (and folate) status
may be associated with age-related hearing
dysfunction3 and tinnitus.4

Cognition
Supplementation has been used with some
success in reversing impaired mental function
due to low vitamin B12 status. Several studies
have shown that the best responders are those
with impaired memory of <6 months’ duration.
In one study in 18 subjects, only those with
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Table 2 Dietary sources of vitamin B12

Food portion Vitamin B12
content (µg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.5
1 bowl Bran Flakes (45 g) 0.8
1 bowl Corn Flakes (30 g) 0.5
1 bowl Start (40 g) 1.0
Milk and dairy products
1/2 pint milk, whole, semi-skimmed or

skimmed
1.0

Soya milk
Gold, 1/2 pint 1.5
Plamil, diluted, 1/2 pint 3.2

1 pot yoghurt (150 g) 0.3
Cheese, 50 g 1.0
1 egg, size 2 (60 g) 0.4
Fats and oils
Butter, margarine, spreads, oils Trace
Fortified margarine (vegetarian), 10 g 0.5
Meat and fish
Meat, roast (85 g) 1.6
Liver, lambs, cooked (90 g) 70.0
Kidney, lambs, cooked (75 g) 55.0
White fish, cooked (150 g) 1.5–4.0
2 fillets herring, cooked (110 g) 9.0
2 fillets kipper, cooked (130 g) 8.0
2 fillets mackerel, cooked (110 g) 15.0
Pilchards, canned (100 g) 12.0
Sardines, canned (70 g) 10.0
Tuna, canned (95 g) 4.0
Vegetable protein mixes
Protoveg Burgamix, 100 g 3.6
Protoveg Sosmix, 100 g 1.8
Yeast extracts
Marmite, spread on 1 slice bread 0.4
Natex, spread on 1 slice bread 0.4
Vecon, spread on 1 slice bread 0.6

Note: Plant foods (unless fortified commercially) are devoid of
vitamin B12, except for the adventitious inclusion of
microbiologically-formed B12 from water or soil.
Excellent sources (bold); good sources (italics).

symptoms of <12 months’ duration showed
improvement with supplementation.5

In addition, vitamin B12 deficiency appears
to be common in patients with Alzheimer’s
disease.6,7 Two Cochrane analyses8,9 have
found no evidence for vitamin B12 for cognition
and dementia.

Neural tube defects
Studies have suggested that deficiency of vi-
tamin B12 may be a risk factor for neural
tube defects (NTDs). One study10 showed that
in affected pregnancies both plasma B12 and
folate influenced the maternal red cell folate
concentration and were independent risk factors
for neural defects. A systematic review of 17
case-control studies concluded that there is a
moderate association between low maternal
vitamin B12 status and the risk of foetal NTDs,
but that study design limited the conclusions.11

More evidence is required before a definite
recommendation can be made.

Multiple sclerosis
Vitamin B12 has been used to treat multiple
sclerosis because it was thought that it might
have a role in the formation of myelin, the fatty
substance that coats nerve cell axons. However,
results of early studies in the 1950s and 1960s
were inconclusive and interest in vitamin B12
as a treatment for multiple sclerosis declined.
Case reports12,13 have described an association
between vitamin B12 and multiple sclerosis or
clinical syndromes resembling multiple sclero-
sis, and it is possible that vitamin B12 deficiency
may exacerbate the disease.14 However, other
researchers have concluded that serum B12
deficiency is uncommon in multiple sclerosis.15

Further studies into the metabolism of vitamin
B12 in multiple sclerosis are warranted.

Sleep disorders
Results from studies investigating vitamin B12
for sleep disorders have been equivocal. One
study16 showed that 3 mg vitamin B12 was
associated with a reduction in daytime mela-
tonin production, improved sleep quality, and
improved concentration and feelings of being
refreshed the next day. Another study using
the same dose of vitamin B12 found no change
in mood or daytime drowsiness or night sleep
compared with placebo.17

Cardiovascular disease
Vitamin B12, together with folic acid, has
been found to reduce plasma homocysteine
levels,18–22 and is therefore thought to have
the potential to reduce the risk of CVD.
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However, low B12 and low folate were not
found to increase the risk of fatal CVD in
an Australian cohort study.23 Two large RCTs
(the Heart Outcomes Prevention Evaluation24

and the NORVIT Trial25) found that B12,
folic acid and B6 in combination reduced
plasma homocysteine, but did not reduce
the risk of major cardiovascular events in
patients with CVD,24 and did not lower the
risk of recurrent CVD after acute myocardial
infarction.25

Miscellaneous
Vitamin B12 has been used with some success
in patients with diabetic neuropathy26,27 and
mouth ulcers.28 Low serum levels of vitamin B12
have been found in patients with HIV,29 and
have also been associated with a faster progress
towards AIDS.30 A Japanese study in patients
with stroke found that vitamin B12 may also
reduce the risk of hip fractures.31

Conclusion
Vitamin B12 deficiency is a risk in elderly
people and can progress to produce symp-
toms of dementia. The role of supplements in
dementia caused by B12 deficiency seems
to depend on the duration of the symp-
toms, and there is no good evidence that
supplements help to delay the progress of
Alzheimer’s disease unrelated to vitamin
B12 deficiency. Vitamin B12 (with folic acid)
reduces plasma homocysteine, but studies
investigating its effects in CVD have pro-
duced conflicting results. There is some
evidence that supplementation can improve
symptoms of diabetic neuropathy, but the
role of vitamin B12 in multiple sclerosis
is unclear. Further research is needed to
confirm the benefits of vitamin B12 for any
indication other than deficiency or marginal
deficiency.

Precautions/contraindications

Vitamin B12 should not be given for treatment of
deficiency until the diagnosis is fully established

(administration of > 10 µg daily may produce a
haematological response in patients with folate
deficiency).

Pregnancy and breast-feeding

No problems reported with normal intakes.

Adverse effects

Vitamin B12 may occasionally cause diarrhoea
and itching skin. Signs of polycythaemia vera
may be unmasked. Megadoses may exacerbate
acne.

Interactions

Drugs
Alcohol: excessive intake may reduce the ab-
sorption of vitamin B12.
Aminoglycosides: may reduce the absorption of
vitamin B12.
Aminosalicylates: may reduce the absorption of
vitamin B12.
Antibiotics: may interfere with microbiological
assay for serum and erythrocyte vitamin B12
(false low results).
Chloramphenicol: may reduce the absorption of
vitamin B12.
Colestyramine: may reduce the absorption of
vitamin B12.
Colchicine: may reduce the absorption of vita-
min B12.
Histamine H2-receptor antagonists: may reduce
the absorption of vitamin B12.
Metformin: may reduce the absorption of vita-
min B12.
Methyldopa: may reduce the absorption of
vitamin B12.
Nitrous oxide: prolonged nitrous oxide anaes-
thesia inactivates vitamin B12.
Oral contraceptives: may reduce blood levels of
vitamin B12.
Potassium chloride (modified release): pro-
longed administration may reduce the absorp-
tion of vitamin B12.
Proton-pump inhibitors: long-term therapy may
reduce serum vitamin B12 levels.
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Nutrients
Folic acid: large doses given continuously may
reduce vitamin B12 in blood.
Vitamin C: may destroy vitamin B12 (avoid large
doses of vitamin C within 1 h of oral vitamin
B12).

Dose

Vitamin B12 is available in the form of tablets
and capsules, and is also found in many multi-
vitamin supplements. Deficiency of vitamin
B12 due to lack of intrinsic factor is generally
treated with parenteral cobalamin, but one
study showed that 2 mg daily given orally was
as efficient as 1 mg given intramuscularly each
month.

In cases of deficiency, 2–25 µg daily are
needed.
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Vitamin C

Description

Vitamin C is a water-soluble vitamin.

Nomenclature

Vitamin C is a generic term used to describe
compounds that exhibit the biological activity
of ascorbic acid. These include l-ascorbic acid
(ascorbic acid) and l-dehydroascorbic acid
(dehydroascorbic acid).

Human requirements

See Table 1 for Dietary Reference Values for
Vitamin C.

Dietary intake

In the UK, the average adult daily diet provides:
for men, 83.4 mg; for women, 81.0 mg.

Action

The functions of vitamin C are based mainly on
its properties as a reducing agent. It is required
for:

� the formation of collagen and other organic
constituents of the intercellular matrix in
bone, teeth and capillaries; and

� the optimal activity of several enzymes – it
activates certain liver-detoxifying enzyme
systems (including drug-metabolising en-
zymes) and is involved in the synthesis of car-
nitine and noradrenaline and the metabolism
of folic acid, histamine, phenylalanine, tryp-
tophan and tyrosine.

Vitamin C also acts:

� as an antioxidant (reacting directly with
aqueous free radicals), which is important in
the protection of cellular function; and

� to enhance the intestinal absorption of non-
haem iron.

Dietary sources

See Table 2 for dietary sources of vitamin C.

Metabolism

Absorption
Vitamin C is absorbed by passive and active
transport mechanisms, predominantly in the
distal portion of the small intestine (jejunum)
and to a lesser extent in the mouth, stomach
and proximal intestine. Some 70–90% of the
dietary intake is absorbed, but absorption falls
to 50% with a dose of 1.5 g.

Distribution
It is transported in the free form (higher con-
centrations in leukocytes and platelets than red
blood cells and plasma), and is readily taken
up by body tissues (highest concentration in
glandular tissue, e.g. adrenals and pituitary);
body stores are generally about 1.5 g.

Elimination
The urine is the main route of elimination,
but very little is excreted unchanged (unless
plasma concentration >1.4 mg/100 ml). Vita-
min C crosses the placenta and is excreted in
breast milk.

330
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Table 1 Dietary Reference Values for vitamin C (mg/day)

EU RDA (for labelling purposes) = 60 mg

Age UK USA FAO/WHO
LNRI EAR RNI EVM EAR RDA AI TUL RNI

0–6 months 6 15 25 – – 40 – 25
7–12 months 6 15 25 – – 50 – 30
1–3 years 8 20 30 13 – – 400 30
4–6 years 8 20 30 – – – – 30
4–8 years – – – 22 25 – – 650
7–10 years 8 20 30 – – – – 35a

9–13 years – – – 39 45 – 1200 40
Males
11–14 years 9 22 35 – – – – 40b

14–18 years – – – 63 75 – 1800 40
15–50+ years 10 25 40 1000 – – – – –
19–70+ years – – – 75 90 – 2000 45
Females
11–14 years 9 22 35 – – – – 40b

14–18 years – – – 56 65 – 1800 40
15–50+ years 10 25 40 1000 – – – – –
19–70+ years – – – 60 75 – 2000 45
Pregnancy – – +10 661/702 801/852 18001/20002 55
Lactation – – +30 961/1002 1151/1202 18001/20002 70

a 7–9 years. b 10–14 years.
1 Up to the age of 18 years. 2 19–50 years.
EVM = Likely safe daily intake from supplements alone.
TUL = Tolerable Upper Intake Level from diet and supplements.

Bioavailability

Storage and cooking lead to loss of vitamin
C through oxidation, and boiling results in
leaching of the vitamin into the cooking water
(cooking water should be consumed in gravies
and soups). Microwaving and stir-frying are the
best cooking methods for preserving vitamin C.

Deficiency

Vitamin C deficiency may lead to scurvy.
Subclinical deficiency has been associated with
poor wound healing and ulceration. Early signs
of deficiency may be non-specific and include
general weakness, lethargy, fatigue, shortness of
breath and aching of the limbs. As the disease
progresses, petechiae are often prominent and
may appear over the arms after application of a
sphygmomanometer.

Signs of advanced deficiency include peri-
follicular haemorrhages (particularly about the
hair follicles); swollen, bleeding gums; pallor
and anaemia (the result of prolonged bleeding
or associated folic acid deficiency); joints, mus-
cles and subcutaneous tissue may become sites
of haemorrhage. In children, disturbances of
growth occur and bones, teeth and blood vessels
develop abnormally; gum signs are only found
in the presence of erupted teeth.

Groups at risk of low vitamin C status
include smokers, the elderly, patients in hos-
pitals and other institutions, and patients with
diabetes.

Possible uses

Many health claims have been made for mega-
dose intakes of vitamin C (i.e. 250–10 000 mg
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Table 2 Dietary sources of vitamin C

Food portion Vitamin C (mg) Food portion Vitamin C (mg)

Bread and cereals1 0 Blackberries, stewed (100 g) 10
Milk and dairy products 0 Blackcurrants, stewed (100 g) 115
Meat and fish2 0 12 cherries 10
Vegetables Fruit salad
Broccoli, boiled (100 g) 44 canned (130 g) 4
Brussels sprouts, boiled (100 g) 60 fresh (130 g) 20
Cabbage, raw (100 g) 49 1/2 grapefruit 54
Cabbage, boiled (100 g) 20 Grapes (100 g) 3
Carrots, boiled (100 g) 2 Guava (100 g) 230
Cauliflower, boiled (100 g) 43 1 kiwi fruit 60
Courgette, stir-fried (100 g) 15 Lychees (100 g) 45
Cucumber, raw (30 g) 2 1 mango 50
Kale, boiled (100 g) 71 1/2 melon, cantaloupe 60
Lettuce (30 g) 2 1 slice melon, honeydew 18
Mangetout peas, boiled (50 g) 14 1 slice watermelon 20

stir-fried (50 g) 26 1 orange 90
Peas, boiled (100 g) 16 4 passion fruits 20
Peppers, green, raw (50 g) 120 1 slice pawpaw 90
Peppers, red, raw (50 g) 140 1 peach 30
Potatoes 1 pear 9

chips (250 g) 27 1 slice pineapple 15
new, boiled (150 g) 15 3 plums 6
old, boiled (150 g) 9 Raspberries (100 g) 32
sweet, boiled (150 g) 23 Strawberries (100 g) 77

Spinach, boiled (100 g) 8 1 tangerine 22
Tomatoes, raw, two (150 g) 25 Beverages
Watercress (20 g) 12 1 large glass apple juice 28
Fruit 1 large glass grapefruit juice 60
1 apple 15 1 large glass orange juice 80
1 banana 16 1 large glass tomato juice 16

1 large glass Ribena (diluted) 120

1 A few breakfast cereals have added vitamin C (average 10 mg/portion).
2 Liver contains approx. 15 mg/100 g.

Excellent sources (bold); good sources (italics).

daily), including the prevention and treatment
of colds, infections, stress, cancer, hypercholes-
terolaemia and atherosclerosis.

Respiratory conditions
Since Linus Pauling’s claims about the beneficial
effects of vitamin C on preventing colds and
reducing their symptoms, many studies have
investigated the effects of vitamin C on the
common cold. A summary of 27 trials con-
ducted between 1970 and 19861 concluded that

vitamin C did not prevent colds, but could have
a small therapeutic effect. Of these 27 trials,
five were intervention trials of vitamin C or
placebo given at the start of cold symptoms and
for a few days, all of which found no benefit.
The other 22 were double-blind controlled trials
giving daily vitamin C or placebo before and
during colds. Of these, 12 showed no preventive
effect and no reduction in duration or severity
of symptoms, five showed no prevention and
only slight non-significant lessening of severity,
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and the other five reported no prevention and a
small but significant reduction in the duration
of colds.

One review of several studies indicated that
vitamin C alleviates common cold symptoms,2

although the magnitude of benefit appears to
vary depending on the population group studied
and the dose. A Cochrane review of 30 trials3

concluded that long-term daily supplementation
with large doses of vitamin C does not appear to
prevent colds, but there appears to be a modest
benefit in terms of reducing duration of cold
symptoms from ingestion of high doses. The
review also concluded that the relation of dose
to therapeutic benefit needs further exploration.
An update of this review in 2004 confirmed
that vitamin C does not reduce the incidence
of colds in the general population, but that it
could be justified in people exposed to brief
periods of severe physical exercise and/or cold
environments. There was also a small benefit on
duration and severity of colds for those using
regular vitamin C prophylaxis. The trials in
which vitamin C was introduced at the onset
of colds as therapy did not show any benefit in
doses up to 4 g daily, but one large trial reported
equivocal benefit from an 8-g therapeutic dose
at the onset of symptoms.

Vitamin C has also been evaluated in asthma.
A Cochrane review4 concluded that evidence to
date from RCTs is insufficient to recommend
a specific role for vitamin C in the treatment
of asthma, and that further methodologically
strong and large-scale trials are needed.

Cancer
It has been suggested that vitamin C may be
useful in the prevention of cancer.5 Possible
mechanisms for this protective effect may be
that vitamin C acts as an antioxidant, blocks
formation of nitrosamines and faecal mutagens,
enhances immune system response and acceler-
ates detoxifying liver enzymes.

Many epidemiological studies have shown
an inverse correlation between vitamin C in-
take and cancer incidence, but the evidence
is largely indirect because it is based on the
consumption of fruits and vegetables known to
contain vitamin C and other nutrients such as
beta-carotene and folate. The strongest evidence

for a protective effect seems to be for stomach
cancer.6–9 The evidence for oesophageal cancer
is not as strong. Findings are contradictory for
cancers of the lung, breast, colon and rectum.

There is some evidence that vitamin C sup-
plements may help to prevent stomach cancer,8

reduce pre-cancerous changes in colon cancer,10

and help to manage prostate cancer.11 How-
ever, subjects with advanced colorectal cancer
responded no better than placebo to vitamin C
supplementation.12 Vitamin C may also benefit
cancer patients undergoing radiation treatment,
by enabling them to withstand larger doses of
radiation with fewer side-effects.13

Cardiovascular disease
Epidemiological studies have shown associa-
tions between low vitamin C intakes and CVD
risk.14 However, two other epidemiological
studies of about 87 000 female nurses and 4000
male health professionals found no effect of
vitamin C intakes from diets or supplements on
cardiovascular risk.15,16

An association between vitamin C and
atherosclerosis has been suggested in studies
investigating the relationship between vitamin
C and cholesterol. When 1 g of vitamin C
was given to healthy young people, cholesterol
levels tended to fall,17 but in older people no
significant pattern of serum cholesterol change
was found. Leukocyte levels were found to be
lower in patients with CHD than in patients
without CHD.18 Vitamin C may also have
beneficial effects on blood pressure19 and on
stroke.20

Vitamin C has been shown to reduce blood
pressure in mildly hypertensive patients when
given for short periods of time,21 but not
when given in the long term.22 When given in
combination with polyphenols, vitamin C has
been found to be associated with raised blood
pressure in hypertensive people.23 The link
between vitamin C and other cardiovascular
risk factors has also been evaluated. Vitamin C
has been found to protect against lipid-induced
endothelial damage,24–27 reduce early recur-
rence of atrial fibrillation and associated inflam-
mation after atrial electrical remodelling,28 and
potentially reduce triglycerides29,30 and apo B
lipoprotein.29
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Positive effects on cardiovascular risk fac-
tors have also been shown in people with
diabetes. One study found that vitamin C
500 mg daily for 1 month reduced arterial blood
pressure and improved arterial stiffness.31 A
further study found that vitamin C improved
thrombotic markers.32 However, another study
found no effect of vitamin C on microvascular
reactivity, inflammatory cytokines and oxidised
LDL cholesterol.33 Yet another study found no
significant effect of vitamin C (1.5 g daily) for
3 weeks on oxidative stress, blood pressure or
endothelial function in patients with type 2
diabetes.34

Cataracts
Patients with cataracts have been found to have
lower levels of vitamin C in the lens than
patients with no cataracts,35 and as cataracts
develop, the vitamin C content of the lens
declines.36 In a retrospective study, a lower
incidence of cataract was found in subjects
whose ascorbic acid intake was in the highest
quintile compared with those in the lowest
quintile.37 There is some evidence that long-
term supplementation of vitamin C (>10 years)
may reduce the development of age-related
opacities.38,39

Wound healing
Reductions in blood ascorbic acid levels have
been reported in post-operative patients.40,41

Some researchers suggest that this reduction
represents increased need, while others suggest
that ascorbic acid is redistributed to the tissues.
Tissue ascorbic acid concentration at the site of
a wound has been found to increase.42 Studies
have shown accelerated wound healing with
vitamin C supplements.42,43

Periodontal disease
There is evidence that vitamin C status is related
to periodontal disease. Vitamin C depletion in
humans has been associated with significantly
increased gum bleeding even though no clinical
symptoms of scurvy were observed in any
subject.44 The degree of gingival inflammation
was directly related to ascorbic acid status, and a
reduction in bleeding was observed with vitamin
C supplementation.

Smoking
Vitamin C requirements are higher in smokers
than non-smokers,45 and supplemental vita-
min C may help to restore plasma vitamin C
concentration in smokers. Beneficial effects of
vitamin C on atherosclerotic plaque,46 platelet
aggregation,47 oxidative stress,48 and endothe-
lial dysfunction49 have been found in smokers.
However, one study found no such effects in
smokers.50

Sports
Vitamin C supplementation has been investi-
gated in sports people. One study showed that
vitamin C supplementation did not counter
oxidative changes during or after a marathon.51

Two further studies concluded that vitamin
C supplements could attenuate antioxidant
defence.52,53

Miscellaneous
Vitamin C (500 mg daily) has been found to
reduce serum uric acid, suggesting that vitamin
C might be beneficial in the prevention and
management of gout.54 The vitamin may protect
against gastric mucosal atrophy in patients with
chronic gastritis.55 It has also been found to
palliate response to acute stress, lowering blood
pressure and cortisol,56 and to reduce oxidative
stress in patients with schizophrenia on atypical
antipsychotics.57

Vitamin C has been thought to reduce the
risk of pregnancy complications such as pre-
eclampsia, intrauterine growth restriction and
maternal anaemia. A Cochrane analysis con-
cluded that the data are too few to say if
vitamin C supplementation (alone or combined
with other supplements) is beneficial during
pregnancy, and it may result in increased risk
of pre-term birth.58 A recent trial involving
1877 women (935 women assigned to daily
supplementation with 1000 mg of vitamin C
and 400 units of vitamin E and 942 to
placebo) found that there was no difference
between the two groups in the risk of pre-
eclampsia, intrauterine growth restriction or
the risk of death or serious outcomes in the
infants.59
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Conclusion
Various groups of the population are at
risk of vitamin C deficiency, particularly
the elderly and smokers. Vitamin C may
reduce the duration of the common cold
and also the severity of symptoms such as
sneezing and coughing, particularly if it is
taken immediately the symptoms start. Pre-
ventive effects of vitamin C supplementation
appear to be limited mainly to people with
low dietary intake, while therapeutic effects
may occur in wider population groups.
Epidemiological studies have shown a link
between low blood vitamin C concentrations
and CVD, cancer and cataracts. However,
further controlled clinical trials are needed to
confirm the value of vitamin C supplements
for these conditions.

Precautions/contraindications

Vitamin C supplements should be used with
caution in diabetes mellitus (because of
possible interference with glucose determi-
nations); glucose-6-phosphate dehydrogenase
(G6PD) deficiency (risk of haemolytic anaemia);
haemochromatosis; sickle cell anaemia (risk of
precipitating a crisis); sideroblastic anaemia;
and thalassaemia. Prolonged administration of
large doses (>1 g daily) of vitamin C in preg-
nancy may result in increased requirements and
scurvy in the neonate.

Because ascorbic acid is a strong reducing
agent it interferes with all diagnostic tests based
on oxidation–reduction reactions. Vitamin C
administration (megadoses only: >1 g daily)
may interfere with tests for:
� blood glucose (false negative); and
� urinary glucose (false positive with analyses

using cupric sulphate, e.g. Clinitest; false
negative with analyses using glucose oxidase,
e.g. Clinistix).

Adverse effects

Vitamin C is considered to be one of the safest of
all the vitamins. There appear to be no serious
health risks with doses up to 10 g daily, but

doses of >1 g daily are associated with osmotic
diarrhoea (due to large amounts of unabsorbed
ascorbic acid in the intestine), gastric discomfort
and mild increase in urination.

Oxalic acid is a major metabolite of vita-
min C, and there has been concern about an
increased risk of renal oxalate stones with high
doses. Doses of 2 g and above are associated
with an increased risk of oxalate stones.60,61

There have been occasional reports that
vitamin C destroys vitamin B12 in the tissues
and of rebound scurvy after administration of
vitamin C is stopped, but such reports remain
unsubstantiated.

Prolonged use of chewable vitamin C prod-
ucts may cause dental erosion and increased
incidence of caries.

Interactions

Drugs
Vitamin C is important for the optimal activity
of some of the drug-metabolising enzymes,
including the hepatic cytochrome P450 mixed-
function oxidase system. Large doses (>1 g
daily) of ascorbic acid (but not ascorbates)
may lower urinary pH, leading to increased
renal tubular re-absorption of acidic drugs and
increased excretion of alkaline drugs.
Aspirin: prolonged administration may reduce
blood levels of ascorbic acid.
Anticoagulants: occasional reports that vitamin
C reduces the activity of warfarin.
Anticonvulsants: administration of barbiturates
or primidone may increase urinary excretion of
ascorbic acid.
Desferrioxamine: iron excretion induced by
desferrioxamine is enhanced by administration
of vitamin C.
Disulfiram: prolonged administration of large
doses (>1 g daily) of vitamin C may interfere
with the alcohol–disulfiram reaction.
Mexiletine: large doses (>1 g daily) of ascorbic
acid may accelerate excretion of mexiletine.
Oral contraceptives (containing oestrogens):
may reduce blood levels of ascorbic acid;
large doses (>1 g) of vitamin C may increase
plasma oestrogen levels (possibly converting
low-dose oral contraceptive to high-dose oral
contraceptive); possibly breakthrough bleeding
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associated with withdrawal of high-dose vita-
min C.
Tetracyclines: prolonged administration may
reduce blood levels of ascorbic acid.

Nutrients
Copper: high doses of vitamin C (>1 g daily)
may reduce copper retention.
Iron: vitamin C increases absorption of non-
haem iron, but not haem iron. For maximal
iron absorption from a non-meat meal, a source
of vitamin C providing 50–100 mg should be
ingested. Vitamin C supplements appear to have
no deleterious effect on iron status in patients
with iron overload. Iron administration reduces
blood levels of ascorbic acid (ascorbic acid is
oxidised).
Vitamin A: vitamin C may reduce the toxic
effects of vitamin A.
Vitamin B6: deficiency of vitamin C may in-
crease urinary excretion of pyridoxine.
Vitamin B12: excess vitamin C has been claimed
to destroy vitamin B12, but this does not appear
to occur under physiological conditions.
Vitamin E: vitamin C can spare vitamin E, and
vice versa.

Heavy metals
Vitamin C may reduce tissue and plasma levels
of cadmium, lead, mercury, nickel and
vanadium.

Dose

Vitamin C is available in the form of tablets,
chewable tablets, capsules and powders. It is
found in most multivitamin preparations. A
review of 26 US vitamin C products found that
three of the products failed to pass the tests for
labelled content of vitamin C and one failed on
disintegration.62

Dietary supplements contain between 25 and
1500 mg per daily dose.
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Vitamin D

Description

Vitamin D is a fat-soluble vitamin.

Nomenclature

Vitamin D is a generic term used to describe
all sterols that exhibit the biological activity of
cholecalciferol. These include:

� vitamin D1 (calciferol)
� vitamin D2 (ergocalciferol)
� vitamin D3 (colecalciferol, cholecalciferol)
� 1 (OH)D3 (1-hydroxycholecalciferol; alfacal-

cidol)
� 25(OH)D3 (25-hydroxycholecalciferol; cal-

cifediol)
� 1,25(OH)2D3 (1,25-dihydroxycholecalcif-

erol; calcitriol)
� 24,25(OH)2D3 (24,25-dihydroxycholecal-

ciferol)
� dihydrotachysterol.

Vitamin D2 is the form most commonly added
to foods and dietary supplements.

Units

One International Unit of vitamin D is defined
as the activity of 0.025 µg of cholecalciferol.
Thus: 1 µg vitamin D = 40 units vitamin D
and: 1 unit vitamin D = 0.025 µg vitamin D

Human requirements

See Table 1 for Dietary Reference Values for
vitamin D.

Table 1 Dietary Reference Values for vitamin D
(µg/day)

EU RDA = 5 µg

Age UK USA FAO/
WHO

RNI EVM AI TUL RNI

Males and females
0–6 months 8.5 5 25 5
7–12 months 7.0 5 25 5
1–3 years 7.0 5 50 5
4–18 years 01 5 50 5
19–50 years 01 25 5 50 5
51–65 years – – – – 10
65+ years 10 25 – – 2.5
51–70+ years – 25 10 50 –
>65 years – – – – 15
>70 years – – 15 50 –
Pregnancy and

lactation
10 – 5 50 10

1 If skin is exposed to adequate sunlight.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable upper intake level from diet and supplements.

Dietary intake

In the UK, the average adult daily diet provides:
for men, 3.7 µg, for women, 2.8 µg.

Cutaneous synthesis

Exposure of the skin to ultraviolet (UV) rays
results in the synthesis of cholecalciferol (vita-
min D3); this is the major source of vitamin
D. The amount obtained depends on length of
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exposure, area of skin exposed, wavelength of
UV light, pollution, skin pigmentation (higher
melanin concentration requires longer exposure
to achieve same degree of synthesis) and age
(the elderly may have approximately half the
capacity for synthesis of younger people).

Brief, casual exposure of face, arms and
hands to sunlight is thought to be equivalent
to the ingestion of 5 µg (200 units) of vitamin
D.1 The use of sunscreens may affect vitamin
D production; application of a sunscreen with
a sun protection factor of 8 can completely
prevent the cutaneous production of cholecal-
ciferol. However, this should not discourage the
use of sunscreens.

Action

Vitamin D is essential for promoting the absorp-
tion and utilisation of calcium and phosphorus
and normal calcification of the skeleton. Along
with parathyroid hormone and calcitonin, it
regulates serum calcium concentration by alter-
ing serum calcium and phosphate blood levels
as needed, and mobilising calcium from bone. It
maintains neuromuscular function and various
other cellular processes, including the immune
system and insulin production.

Dietary sources

See Table 2 for dietary sources of vitamin D.

Metabolism

Absorption (dietary source)
Vitamin D is absorbed with the aid of bile salts
from the small intestine via the lymphatic system
and its associated chylomicrons. The efficiency
of absorption is estimated to be about 50%.

Distribution
Vitamin D is converted by hydroxylation (pre-
dominantly in the liver) to 25(OH)D3; this
is the major circulating form of vitamin D.
From the liver, 25(OH)D3 is transported to the
kidney and converted by further hydroxylation
to 1,25(OH)2D3, the metabolically active form,
and to 24,25(OH)2D3.

Table 2 Table 2 Dietary sources of vitamin D

Food portion Vitamin D content (µg)

Breakfast cereals
1 bowl All-Bran (45 g) 0.8
1 bowl Bran Flakes (45 g) 1.0
1 bowl Corn Flakes (25 g) 0.5
1 bowl Frosties (45 g) 1.0
1 bowl Rice Krispies (35 g) 0.7
1 bowl Special K (35 g) 0.9
Muesli, porridge, Shredded Wheat,

Sugar Puffs, Weetabix
0

Bread 0
Milk and dairy products
1/2 pint whole milk 0.1
1/2 pint semi-skimmed milk 0.03
1/2 pint skimmed milk 0
1/2 pint skimmed milk, fortified 0.2–0.5 (various brands)
2 tablespoons dried skimmed milk,

fortified (30 g)
1.0

Hard cheese (50 g) 0.1
Feta cheese (50 g) 0.25
1 carton whole-milk yoghurt (150 g) 0.06
1 carton low-fat yoghurt (150 g) 0.01
1 egg, size 2 (60 g) 1.0
Fats and oils
Butter, on 1 slice bread (10 g) 0.25
Margarine, on 1 slice bread (10 g) 2.5
Low-fat spread, on 1 slice bread

(10 g)
2.5

2 tablespoons ghee (30 g) 0.6
2 teaspoons cod liver oil (10 ml) 21.0
Meat and fish
Liver, lambs, cooked (90 g) 0.5
Liver, calf, cooked (90 g) 0.3
Liver, ox, cooked (90 g) 1.0
Liver, pig, cooked (90 g) 1.0
White fish Trace
Sardines (70 g) 5.6
Tinned salmon (100 g) 12.5
Tinned pilchards (100 g) 8.0
Tinned tuna (100 g) 5.0
2 fillets herring, cooked 20.0

(110 g)
2 fillets kipper, cooked (130 g) 20.0
2 fillets mackerel, cooked 21.0

(110 g)
Beverages
1 mug Ovaltine1 (300 ml) 0.7
1 mug Horlicks1 (300 ml) 0.7
1 mug Build-Up1 (300 ml) 3.0
1 mug Complan2 (300 ml) 1.5

1 Made with milk (whole or skimmed).
2 Made with water.
Excellent sources (> 5µg/portion) (bold); good sources (> 1.5µg/portion)
(italics).
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Synthesis is regulated mainly by circulat-
ing levels of 1,25(OH)2D3. When levels of
1,25(OH)2D3 are high, synthesis is low and
vice versa. Synthesis is also stimulated by
hypocalcaemia, hypophosphataemia and para-
thyroid hormone (PTH) and inhibited by hyper-
calcaemia. A second metabolite of vitamin D,
24,25(OH)2D3, is produced in the kidney. Both
1,25(OH)2D3 and 24,25(OH)2D3 may be re-
quired for the biological activity of vitamin D.

Vitamin D is transported in the plasma bound
to a specific vitamin D-binding protein, which
is its main storage form. Small amounts are
stored in the liver, and also in adipose tissue,
which may cause a relative deficiency in obese
people. Some vitamin D derivatives are excreted
in breast milk.

Deficiency

Deficiency of vitamin D results in inadequate
intestinal absorption of calcium and phos-
phate; hypocalcaemia, hypophosphataemia and
increase in serum alkaline phosphatase activity;
and hyperparathyroidism. Demineralisation
of bone leads to rickets in children and osteo-
malacia in adults. Infants may develop convul-
sions and tetany.

Possible uses

Requirements may be increased and/or supple-
ments necessary in:

� Infants who are breast-fed without supple-
mental vitamin D or who have minimal
exposure to sunlight (the Department of
Health2 advises that all children from the age
of 1–5 years should receive supplements of
vitamins A and D).

� Pregnancy – women who have low intake
of vitamin D during pregnancy have been
shown to produce low birth weight infants.3

Maternal vitamin D insufficiency during
pregnancy has been associated with reduced
bone-mineral accrual in the offspring during
childhood.4

� Breast-feeding (particularly with babies born
in the autumn).

� The elderly, whose exposure to sunlight may
be reduced because of poor mobility.

� Individuals with dark skins.
� Strict vegetarians and vegans.
� Those who do not get much exposure to

sunlight.
� Patients with malabsorption conditions (e.g.

coeliac disease, cystic fibrosis, Crohn’s dis-
ease, short bowel syndrome).

Lack of vitamin D has been associated with a
range of different conditions, such as osteoporo-
sis, cancer, CVD, diabetes mellitus and poor
immune function.

Osteoporosis
Vitamin D (independently of calcium) may
be useful in the prevention of osteoporosis.
Some research has shown that women with hip
fractures have lower levels of plasma vitamin
D.5 People with a certain type of vitamin D re-
ceptor may be more susceptible to osteoporosis,
and women with different types of vitamin D
receptor seem to respond differently to vitamin
D supplements.6

There is some evidence that vitamin D
supplementation helps to reduce bone loss7–9

and fracture risk10,11 and, in combination with
calcium,12 may enhance the effect of HRT.
However, other studies have not shown any
reduction in rates of fracture with vitamin D
supplementation. A Dutch study involving 2500
healthy men and women over the age of 70
showed that a daily dose of 400 units of vitamin
D had no effect on fracture rates.13

Differences in effects may be due to dif-
ferences in populations studied, study designs
and doses of vitamin D. A recent meta-analysis
of four RCTs, each of which used a dose
of 20 µg (800 units) vitamin D daily, found
that this dose prevents approximately 30% of
hip or non-vertebral fractures compared with
placebo in adults over the age of 65 years, and
concluded that lower intakes are not effective.14

Another recent meta-analysis, which included
five RCTs for hip fracture and seven RCTs for
non-vertebral fracture risk, concluded that oral
vitamin D supplementation between 700 and
800 units daily appears to reduce the risk of hip
and any non-vertebral fractures in ambulatory
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or institutionalised elderly persons, but that
an oral vitamin D dose of 400 units daily is
not effective.15 Indeed, a trial published after
this meta-analysis found that a dose of calcium
1000 mg daily with vitamin D 400 units did not
significantly reduce hip fracture.16 However, a
trial in a primary care setting involving 3314
women aged over 70 with one or more risk
factors for hip fracture found that calcium
1000 mg daily and vitamin D 800 units did not
reduce the risk of clinical fractures overall.17

Whether vitamin D or vitamin D analogues
have a different effect on fracture incidence
is unclear. With regard to post-menopausal
osteoporosis, there is evidence that vitamin D
analogues – rather than plain vitamin D – may
have bone-sparing actions. This may be because
the type of vitamin D deficiency is a reflection of
1,25(OH)2D3 deficiency or resistance and plain
vitamin D will have no effect. Thus, a vitamin D
analogue (e.g. calcitriol) could reduce bone loss
as a result of a pharmacological action rather
than replenishing a deficiency.

A meta-analysis found that the vitamin
D analogues, alfacalcidol and calcitriol, were
superior to plain vitamin D in preventing
spinal fractures.18 A Cochrane review found
no evidence for this and also concluded that
vitamin D alone had no significant effect on
hip fracture, vertebral fracture or any new
fracture, while vitamin D given with calcium
was associated with fewer hip and other non-
vertebral fractures.19 The anti-fracture effect of
vitamin D and calcium is likely to be due to
their effect on BMD, although again the results
of controlled trials are inconsistent.

Vitamin D may also improve neuromuscular
coordination, preserve muscle function and as
a consequence decrease the risk of falling and
falling-related fractures.20,21 A meta-analysis of
five RCTs involving 1237 participants found
that vitamin D reduced the risk of falls among
both ambulatory and institutionalised older
people by 2%.22 A trial published more recently
found that supplementation with both colecal-
ciferol (700 units daily) and calcium (500 mg
daily) over a 3-year period reduced the risk of
falling in ambulatory older women by 46% and
in less active women by 65%, but supplements
had no effect in men.23

Cancer
Evidence from epidemiological studies suggests
that enhanced sunlight exposure is associated
with reduced death rates from certain common
cancers, including cancer of the colon, breast,
prostate and ovary.24,25 Prospective studies
show relative risks for colon cancer of 0.33
to 0.74 with higher vitamin D intake or con-
centrations of 25(OH)D3 above 65 nmol/L.26

Supplemental vitamin D and calcium has been
associated with reduced recurrence of colo-
rectal adenomas, although the association was
weak.27 However, an RCT involving 36 282
post-menopausal women found that daily sup-
plementation for 7 years with calcium 1000 mg
daily and vitamin D 400 units daily had no
effect on the incidence of colorectal cancer.28

Prostate cancer risk has been found to be higher
in men with low serum 25(OH)D3 concen-
trations, but this protective role seems to be
strongest in younger men when serum androgen
levels are higher.29 A recent prospective study
in men found an inverse association between
low vitamin D levels and risk of total cancer
and mortality, particularly for cancers of the
digestive system.30

Cardiovascular disease and diabetes
Epidemiological studies have demonstrated
a weak inverse relationship between serum
25(OH)D3 levels and blood pressure, while
some clinical trials have shown that admin-
istration of vitamin D, 1-α vitamin D or
exposure to ultraviolet B can reduce blood
pressure in people with hypertension. There
is also evidence that poor vitamin D status is
associated with high concentrations of various
inflammatory markers (e.g. tumour necrosis
factor and interleukin-6) that contribute to
the development of atherosclerosis, and that
vitamin D supplementation can improve the
profile of these markers.31 Reduced vitamin D
status is also associated with a higher incidence
of both type 1 and type 2 diabetes mellitus,
insulin resistance, low insulin concentrations,
and in some studies, high blood glucose levels.

Miscellaneous
Vitamin D has an important role in the
immune system. There is growing evidence for
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an involvement of vitamin D in infections,
particularly in tuberculosis, and also in various
autoimmune and inflammatory conditions such
as rheumatoid arthritis, multiple sclerosis and
inflammatory bowel diseases, including ulcer-
ative colitis and Crohn’s disease. Vitamin D
supplementation has been shown to improve
symptoms of rheumatoid arthritis and multiple
sclerosis.31

Conclusion
Vitamin D is important for bone health,
and some research has shown that sup-
plementation with vitamin D may reduce
the risk of osteoporosis and fracture. It is
unclear whether most benefit is achieved
from vitamin D alone or from vitamin D with
calcium, and what the appropriate doses
are. Epidemiological studies have found a
link between colon cancer and low vitamin
D, but whether supplements can reduce the
risk of cancer is unknown.

Precautions/contraindications

Vitamin D should be avoided in hypercal-
caemia; and renal osteodystrophy with hyper-
phosphataemia (risk of metastatic calcification).

Vegetarians
Supplements containing vitamin D3 (cholecal-
ciferol) are obtained from animal sources (usu-
ally as a by-product of wool fat) and are not suit-
able for strict vegetarians (vegans). Vitamin D2
(ergocalciferol) is obtained from plant sources
and can be recommended.

Pregnancy and breast-feeding

No problems reported with normal intakes.
There is a risk of hypercalcaemic tetany in breast
fed infants whose mothers take excessive doses
of vitamin D.

Adverse effects

Vitamin D is the most likely of all the vitamins
to cause toxicity; the margin of safety is very
narrow. There is a wide variation in tolerance

to vitamin D, but doses of 250 µg (10 000 units)
daily for 6 months may result in toxicity. Infants
and children are generally more susceptible than
adults; prolonged administration of 45 µg (1800
units) daily may arrest growth in children. Some
infants seem to be hyper-reactive to small doses.
There is no risk of vitamin D toxicity from
prolonged exposure to sunlight.

Excessive intake leads to hypercalcaemia and
its associated effects. These include apathy,
anorexia, constipation, diarrhoea, dry mouth,
fatigue, headache, nausea and vomiting, thirst
and weakness.

Later symptoms are often associated with
calcification of soft tissues and include bone
pain, cardiac arrhythmias, hypertension, renal
damage (increased urinary frequency, decreased
urinary concentrating ability; nocturia, protein-
uria), psychosis (rare) and weight loss.

Interactions

Drugs
Anticonvulsants (phenytoin, barbiturates or
primidone): may reduce effect of vitamin D
by accelerating its metabolism; patients on
long-term anticonvulsant therapy may require
vitamin D supplementation to prevent oste-
omalacia.
Calcitonin: effect of calcitonin may be antago-
nised by vitamin D.
Colestyramine, colestipol: may reduce intestinal
absorption of vitamin D.
Digoxin: caution because hypercalcaemia
caused by vitamin D may potentiate effects of
digoxin, resulting in cardiac arrhythmias.
Liquid paraffin: may reduce intestinal absorp-
tion of vitamin D (avoid long-term administra-
tion of liquid paraffin).
Sucralfate: may reduce intestinal absorption of
vitamin D.
Thiazide diuretics: may increase risk of hyper-
calcaemia.
Vitamin D analogues (alfacalcidol, calcitriol,
dihydrotachysterol): increased risk of toxicity
with vitamin D supplements.

Nutrients
Calcium: may increase risk of hypercalcaemia.
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Dose

Vitamin D is available in the form of tablets and
capsules, as well as in multivitamin preparations
and fish oils.

A suitable dose of vitamin D in most cases is
10 µg (400 units) daily.

For prevention of fracture in older people,
there is evidence that a higher dose of 20 µg (800
units) with calcium 1200 mg daily is required.

Upper safety levels

The UK Expert Group on Vitamins and Miner-
als (EVM) has identified a likely safe total intake
of vitamin D for adults from supplements alone
of 25 µg daily.
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Vitamin E

Description

Vitamin E is a fat-soluble vitamin.

Nomenclature

Vitamin E is a generic term used to describe all
tocopherol and tocotrienol derivatives that ex-
hibit the biological activity of alpha-tocopherol.

Units

To determine the number of milligrams of
alpha-tocopherol in a supplement expressed in
International Units, use the following conver-
sion factors. If the form of vitamin E in the sup-
plement is natural, i.e. d-alpha-tocopherol or
RRR-alpha-tocopherol, multiply International
Units by 0.67. Thus, 100 IU of natural vitamin
E = 66.7 mg alpha-tocopherol (100 × 0.67). If
the form of vitamin E in the supplement is
synthetic, i.e. d,l-alpha-tocopherol or all-rac-
alpha-tocopherol), multiply IUs by 0.45. Thus,
100 IU of synthetic vitamin E = 45 mg alpha-
tocopherol (30 × 0.45).

Human requirements

See Table 1 for Dietary Reference Values for
vitamin E.

There is an increased requirement for vitamin
E in diets high in polyunsaturated fatty acids
(PUFAs), but many items high in PUFA (e.g.
vegetable oils and fish oils) are also high in
vitamin E (see Table 2). In general, the require-
ment for vitamin E appears to be 0.4 mg/g of
linoleic acid; 3–4 mg/g of eicosapentaenoic and
docosahexaenoic acid combined.

Dietary intake

In the UK, the average adult daily diet provides
8.3 mg.

Action

Vitamin E is an antioxidant, protecting
PUFAs in membranes and other critical cellu-
lar structures from free radicals and products
of oxidation. It works in conjunction with
dietary selenium (a cofactor for glutathione
peroxidase), and also with vitamin C and other
enzymes, including superoxide dismutase and
catalase.

Dietary sources

See Table 2 for dietary sources of vitamin E.

Metabolism

Absorption
Absorption of vitamin E is relatively inefficient
(20–80%); the efficiency of absorption falls as
the dose increases. Normal bile and pancreatic
secretion are essential for maximal absorption.
Absorption is maximal in the median part of the
intestine; it is not absorbed in the large intestine
to any great extent.

Distribution
Vitamin E is taken up principally via the
lymphatic system and is transported in the
blood bound to lipoproteins. More than 90%
is carried by the LDL fraction. There is some
evidence that a greater proportion is transported
by the HDL fraction in females than in males.

346
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Table 1 Dietary Reference Values for vitamin E (mg/day)

EU RDA = 10 mg

Age UK Safe Intake EVM USA
FAO/WHO

EAR RDA TUL RNI

0–6 months 0.4 mg/g PUFA1 – 42 – 2.7
7–12 months 0.4 mg/g PUFA1 – 62 – 2.7
1–3 years 0.4 mg/g PUFA1 5 6 200 5.0
4–8 years – 6 7 300 5.06

9–13 years – 9 11 600 –
10–65+ years – – 7.57/10.08

14–70+ years – 12 15 10003

Males
11–50+ years > 4 – 727 – –
Females
11–50+ years > 3 – – – –
Pregnancy – 16 19 8004/10005

Lactation – 16 19 8003/10004

1 PUFA = polyunsaturated fatty acid. 2 Adequate Intakes (AI). 3 14–18 years, 800 mg. 4 Up to 18 years. 5 19–50 years.
6 7–9 years, 7.0 mg. 7 Women 8 Men.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Vitamin E is stored in all fatty tissues, in
particular adipose tissue, liver and muscle.

Elimination
The major route of elimination is the faeces;
usually < 1% of orally administered vitamin E
is excreted in the urine. Vitamin E appears in
breast milk.

Bioavailability

Absorption is enhanced by dietary fat; medium-
chain triglycerides enhance absorption whereas
polyunsaturated fats are inhibitory.

Vitamin E is not very stable; significant
losses from food may occur during storage
and cooking. Losses also occur during food
processing, particularly if there is significant
exposure to heat and oxygen. There can be
appreciable losses of vitamin E from vegetable
oils during cooking.

Water-miscible preparations are superior to
fat-soluble preparations in oral treatment of
patients with fat malabsorption syndromes. The
bioavailability of natural vitamin E is greater
than that of synthetic vitamin E. However,
several studies indicate that these differences
may be even greater than originally thought.1–4

Deficiency

Deficiency of vitamin E is not generally recog-
nised as a clearly definable syndrome. In pre-
mature infants, deficiency is associated with
haemolytic anaemia, thrombocytosis, increased
platelet aggregation, intraventricular haemor-
rhage and increased risk of retinopathy (but
prophylaxis is controversial – see Precautions/
contraindications).

The only children and adults who show
clinical signs of vitamin E deficiency are those
with severe malabsorption (i.e. in abetalipopro-



348 Vitamin E

Table 2 Dietary sources of vitamin E

Food portion Vitamin E content (mg) Food portion Vitamin E content (mg)

Breakfast cereals Kidney (75 g) 0.3
1 bowl All-Bran (45 g) 1.0 Sardines (70 g) 0.3
1 bowl muesli (95 g) 3.0 Tinned salmon (100 g) 1.5
2 pieces Shredded Wheat 0.5 Tinned pilchards (100 g) 0.7
1 bowl Start (35 g) 6.2 Tinned tuna (100 g) 0.5
2 Weetabix 0.5 2 fillets herring, cooked (110 g) 0.3
Cereal products 2 fillets kipper, cooked (130 g) 0.4
Brown rice, boiled (160 g) 0.5 Vegetables
Brown pasta 0 Broccoli, boiled (100 g) 1.3
Wholemeal bread, 2 slices 1.5 Brussels sprouts, boiled (100 g) 0.9
2 heaped tablespoons wheatgerm 3.6 Sweet potatoes, boiled (150 g) 6.5
Milk and dairy products 2 tomatoes 1.8
1/2 pint whole milk 0.08 1 small can baked beans (200 g) 0.75
1/2 pint soya milk 1.7 Chickpeas, cooked (105 g) 1.6
Hard cheese, 50 g 0.25 Red kidney beans, cooked (105 g) 0.2
1 egg, size 2 (60 g) 0.6 Fruit
Fats and oils 1 apple 0.4
Butter, on 1 slice bread (10 g) 0.2 1/2 avocado pear 3.0
Margarine, on 1 slice bread (10 g) 0.8 1 banana 0.3
Low-fat spread, on 1 slice bread

(10 g)
0.6 Blackberries, stewed (100 g) 2.0

2 tablespoons ghee (30 g) 1.0 1 orange 0.3
1 tablespoon olive oil 1.0 3 plums 0.6
1 tablespoon sunflower seed oil 10 Nuts
1 tablespoon wheatgerm oil 27 20 almonds 4.8
2 teaspoons cod liver oil 2.0 10 Brazil nuts 2.5
Meat and fish 30 hazelnuts 6.2
Liver, lambs, cooked (90 g) 0.3 30 peanuts 3.3
Liver, calves, cooked (90 g) 0.4 1 tablespoon sunflower seeds 7.5
Liver, ox, cooked (90 g) 0.3 Peanut butter, on 1 slice bread (10 g) 0.5

Excellent sources (> 3.0 mg/portion) (bold); good sources
(> 1.5 mg/portion) (italics).

teinaemia, chronic cholestasis, biliary atresia
and cystic fibrosis), or those with familial
isolated vitamin E deficiency (rare inborn error
of vitamin E metabolism). Clinical signs of
deficiency include axonal dystrophy, reduced
red blood cell half-life and neuromuscular
disturbances.

Possible uses

A large number of claims for vitamin E have
been made, but they are generally difficult to
evaluate because they are often anecdotal or
deduced from poorly designed trials.

Cancer
Vitamin E has been suggested to be protec-
tive against cancer, and several epidemiological
studies have found either low dietary intakes of
vitamin E and/or lower serum levels of vitamin
E in patients who have cancer than in people
without cancer. However, not all studies have
shown protective effects.

The prospective Iowa Women’s Health
Study5 showed that a reduced risk of colon
cancer was associated with high intakes of sup-
plemental vitamin E in women under 65 years of
age. Further data from this study showed that
higher intakes of vitamin E are linked to lower
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risk of gastric, oesophageal, oral and pharyngeal
cancers.6 High dietary intake of vitamin E has
been associated with reduced risk of breast
cancer,7 but another study showed no protective
effect.8 There is some evidence that high plasma
vitamin E levels protect against cervical cancer,9

lung cancer,10 and prostate cancer.11

A large Finnish study involving 29 133 male
smokers showed that vitamin E supplemen-
tation (50 mg daily) reduced the incidence of
prostate cancer by 32% and the risk of prostate
cancer deaths by 41% compared with those
who took no vitamin E.12 The study also
detected a somewhat lower incidence of colo-
rectal cancer in the vitamin E arm compared
with the no vitamin E arm, but this was not
statistically significant.13 Further data from this
study showed that neither of the treatments used
(vitamin E or beta-carotene) had a statistically
significant effect on the incidence and mortality
rate of pancreatic cancer and incidence of lung
and urinary tract cancers.14

More recent trials have shown no signifi-
cant benefit of vitamin E supplementation in
cancer. A randomised, double-blind, placebo-
controlled international trial (the initial Heart
Outcomes Prevention Evaluation [HOPE] trial
and the ongoing HOPE trial) investigated the
effect of vitamin E (400 units daily) on cardio-
vascular events and primary prevention of
cancer with a median follow-up of 7 years.
There were no significant differences for can-
cer incidence and cancer deaths.15 In the
Women’s Health Study, which tested the effect
of vitamin E 600 units on alternate days on
cardiovascular events and cancer, there were
no significant effects on total cancer, breast
cancer, lung cancer, colon cancer or cancer
deaths.16

A 2003 systematic review concluded that
there is insufficient evidence to recommend
for or against the use of routine vitamin E
supplementation for the prevention of can-
cers other than lung cancer (i.e. oesophageal,
stomach, colorectal, urological and prostate)
in the general population. The reviewers also
concluded that there is good evidence to rec-
ommend against the use of routine vitamin
E supplementation for the prevention of lung
cancer.17

Cardiovascular disease
Epidemiological studies have shown that low
dietary intakes of vitamin E are associated with
an increased risk of CVD in both men18 and
women.19 Plasma vitamin E levels have also
been found to be low in patients with variant
angina.20

Several randomised, placebo-controlled trials
have looked at the effects of vitamin E sup-
plementation in CVD. The Cambridge Heart
Antioxidant Study (CHAOS),21 which involved
a total of 2002 subjects with angiographically
proven CVD, showed that those who received
vitamin E (400 or 800 units daily) had a 47%
reduction in death from cardiovascular death
and non-fatal myocardial infarction. This effect
was due to a significant reduction (77%) in the
risk of non-fatal myocardial infarction.

However, there was no effect on death from
CVD alone. A non-significant increase in death
from CVD was found in the supplemented
group. However, a subsequent analysis of the
deaths22 showed that, of the 59 deaths due to
ischaemic heart disease, six were in the group of
patients that complied with vitamin E supple-
mentation, 21 were in the non-compliant group
and 32 in the placebo group. This subsequent
analysis has reduced concern about the possible
adverse effects of vitamin E in this group of
patients with established CVD.

An Italian trial – the Gruppo Italiano per lo
Studio Della Sopravvivenza nell’Infarto Miocar-
dio (GISSI)23 – involved 11 324 patients who
had survived a myocardial infarction within
the 3-month period before enrolment. The four
arms of the study included vitamin E, n-3
PUFA, a mixture of the two, or placebo, and
the primary end points were death, non-fatal
myocardial infarction and stroke. Vitamin E
reduced the risk for the primary end points
by 11%, and the n-3 PUFA by 15%, with
only the latter reaching statistical significance.
Possible explanations for the differences in the
results between CHAOS and GISSI have been
suggested, and include the fact that 50% of the
GISSI subjects were on lipid-lowering drugs and
that they presumably ate a Mediterranean diet
with a high intake of fruit and vegetables.

The Alpha-Tocopherol, Beta-Carotene Can-
cer Prevention (ATBC) Study, involving 27 271
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men, was designed to investigate the influ-
ence of antioxidant supplements on cancer in
Finnish smokers. However, an analysis of heart
disease24 in this trial showed that vitamin E
(50 mg) reduced the risk of primary major
coronary events by 4% and the incidence of
fatal CHD by 8%. Neither of these benefits
was found to be statistically significant, but the
trial used a small dose of a synthetic vitamin E
supplement. A further analysis of the prevention
of recurrence of angina for subjects in the ATBC
trial25 showed no significant protective effect of
vitamin E.

The Heart Outcomes Prevention Evaluation
(HOPE) study26 enrolled a total of 2545 women
and 6996 men aged 55 years or older who
were at high risk of cardiovascular events,
either because they had CVD or diabetes in
addition to one other risk factor. They were
assigned to natural vitamin E (400 units daily),
an ACE inhibitor or placebo for a mean of
4.5 years. In comparison with placebo, there
were no significant differences in the number of
deaths from cardiovascular causes, myocardial
infarction and stroke with vitamin E. Further
analysis of the HOPE study in people with
mild-to-moderate renal insufficiency found that
vitamin E supplementation had no apparent
effect on cardiovascular outcomes.27 Extension
of the HOPE trial by a further 4 years (HOPE-
TOO) indicated that there were no differences in
cardiovascular events but higher rates of heart
failure and hospitalisations for heart failure.15

The Women’s Health Study16 also concluded
that 600 units vitamin E every other day over an
average of 10.1 years provided no overall benefit
for major cardiovascular events, but it reduced
cardiovascular mortality in healthy women.

Systematic reviews17,28,29 and meta-
analyses30 have concluded that there is no
benefit of vitamin E in the prevention of
cardiovascular events. A further meta-analysis
found that high-dose vitamin E supplements
(≥ 400 units daily) may increase all-cause
mortality and should be avoided.31

Cataract
Epidemiological evidence suggests an associa-
tion between cataract incidence and antioxidant
status. Subjects with a low to moderate intake

of vitamin E from foods had a higher risk
of cataract relative to subjects with higher
intakes,32 and low serum levels of vitamin E and
beta-carotene were related to increased risk of
cataract in a Finnish study,33 a French study,34

and a US study.35 However, an analysis of the
ATBC Study showed that vitamin E (50 mg
daily) had no effect on cataract prevalence in
middle-aged smoking men.36 Another study in
750 elderly people with cataracts37 showed that
those who took vitamin E supplements halved
the risk of their cataracts progressing over a
period of 4.5 years. A further trial in 1193 peo-
ple with early or no cataract found that vitamin
E 500 units daily given for 4 years did not reduce
the incidence or progression of nuclear, cortical
or posterior subcapsular cataracts.38

Diabetes
In a double-blind, placebo-controlled crossover
study, 25 elderly patients with type 2 diabetes
were randomised to receive 900 mg vitamin
E or placebo daily for 3 months. Vitamin E
supplementation was associated with a signif-
icant reduction in plasma glucose, haemoglobin
A1c, triglycerides, free fatty acids, total and
LDL cholesterol and apoprotein B levels. The
authors concluded that daily vitamin E sup-
plementation produces a small but significant
improvement in metabolic control in type 2
diabetes, but that more studies are needed to
draw conclusions about the safety of long-term
supplementation.39

Vitamin E could help to decrease the devel-
opment of vascular disease in diabetes. Vitamin
E supplementation (1200 units for 3 months)
in 75 subjects who were diabetic or diabetic
with vascular disease reduced the oxidation of
LDL cholesterol, and reduced free radical levels
and other markers of inflammation.40 However
in this study, the diabetics with or without
vascular disease were not distinguishable by any
of the markers of inflammation. Much larger,
longer-term studies are needed to show that
vitamin E has an anti-inflammatory effect in
patients with vascular disease.

Neuropsychiatric disorders
Vitamin E supplementation has been associated
with some success in tardive dyskinesia.41,42
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In a double-blind, placebo-controlled study,
341 patients with Alzheimer’s disease were
randomised to receive 2000 units alpha-
tocopherol, 10 mg selegiline, selegiline plus
alpha-tocopherol or placebo. There was no
significant difference in outcomes between the
groups, but after adjustment for confounding
factors, there were significant improvements
in outcome with all three treatment groups
compared with placebo. Vitamin E led to the
greatest improvement, followed by selegiline,
followed by the combination.43

Miscellaneous
Some studies have shown that vitamin E reduces
oxidative damage in exercise,44 improves lung
function,45 and improves immune function in
the elderly.46

Vitamin E has been suggested to be of
benefit in a vast range of conditions including
arthritis, asthma, infertility and Parkinson’s
disease. Preliminary trials have shown some
positive benefits, but larger trials are required to
confirm these findings. There is some evidence
that vitamin E (together with vitamin C) may
raise the tolerance to UV rays and therefore
reduce the risk of sunburn.

Conclusion
Several epidemiological studies have shown
a link between low vitamin E intakes and
CHD. There is some evidence that supple-
ments (>100 units daily) reduce the risk
of CHD, but some studies do not demon-
strate a benefit. Evidence therefore remains
promising but inconclusive. There is little
evidence of benefit with vitamin E supple-
ments in cancer prevention. There is prelim-
inary evidence that vitamin E supplements
improve immune function and lung function,
and reduce oxidative damage in exercise.
They may also improve glucose utilisation in
diabetes, reduce the risk of cataract, delay
the progress of Alzheimer’s disease, and
improve symptomology in tardive dyskine-
sia. However, further research is required
before vitamin E can be recommended as a
supplement for these purposes.

Precautions/contraindications

Vitamin E supplements should be avoided: by
patients taking oral anticoagulants (increased
bleeding tendency); in iron-deficiency anaemia
(vitamin E may impair haematological response
to iron) and hyperthyroidism.

Pregnancy and breast-feeding

No problems reported at normal intakes.

Adverse effects

Vitamin E is relatively non-toxic (fractional ab-
sorption declines rapidly with increasing intake,
thereby preventing the accumulation of toxic
concentrations of vitamin E in the tissues). Most
adults can tolerate 100–800 mg daily and even
doses of 3200 mg daily do not appear to lead to
consistent adverse effects.

Large doses (>1000 mg daily for prolonged
periods) have occasionally been associated with
the following side-effects: increased bleeding
tendency in vitamin K-deficient patients; al-
tered endocrine function (thyroid, adrenal and
pituitary); rarely, blurred vision, diarrhoea,
dizziness, fatigue and weakness, gynaecomastia,
headache and nausea.

However, a recent meta-analysis found that
high-dose vitamin E supplements (≥ 400 units
daily) may increase all-cause mortality and
concluded that they should be avoided.31

Interactions

Drugs
Anticoagulants: large doses of vitamin E may
increase the anticoagulant effect.
Anticonvulsants (phenobarbitone, phenytoin,
carbamazepine): may reduce plasma levels of
vitamin E.
Colestyramine or colestipol: may reduce intesti-
nal absorption of vitamin E.
Digoxin: requirement for digoxin may be
reduced with vitamin E (monitoring recom-
mended).
Insulin: requirement for insulin may be reduced
by vitamin E (monitoring recommended).
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Liquid paraffin: may reduce intestinal absorp-
tion of vitamin E (avoid long-term use of liquid
paraffin).
Oral contraceptives: may reduce plasma vitamin
E levels.
Sucralfate: may reduce intestinal absorption of
vitamin E.

Nutrients
Copper: large doses of copper may increase
requirement for vitamin E.
Iron: large doses of iron may increase require-
ments for vitamin E; vitamin E may impair
the haematological response in iron-deficiency
anaemia.
Polyunsaturated fatty acids: the dietary require-
ment for vitamin E increases when the intake of
PUFA increases.
Vitamin A: vitamin E spares vitamin A and
protects against some signs of vitamin A tox-
icity; very high levels of vitamin A may increase
requirement of vitamin E; excessive doses of
vitamin E may deplete vitamin A.
Vitamin C: vitamin C can spare vitamin E;
vitamin E can spare vitamin C.
Vitamin K: large doses of vitamin E (1200 mg
daily) increase the vitamin K requirement in
patients taking anticoagulants.
Zinc: zinc deficiency may result in reduced
plasma vitamin E levels.

Dose

Vitamin E is available in the form of tablets and
capsules and is an ingredient of multivitamin
preparations. Dietary supplements provide 10–
1000 mg per daily dose.

Doses for use as an over-the-counter supple-
ment above the RDA have not been established
to be of value. There is no evidence to recom-
mend doses higher than 400 units daily.
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Vitamin K

Description

Vitamin K is a fat-soluble vitamin.

Nomenclature

Vitamin K is a generic term for 2-methyl-
1,4-naphthaquinone and all derivatives that
exhibit qualitatively the biological activity of
phytomenadione. The form of vitamin K present
in foods is phytomenadione (vitamin K1). The
substances synthesised by bacteria are known
as menaquinones (vitamin K2). The parent
compound of the vitamin K series is known
as menadione (vitamin K3); it is not a natural
substance and is not used in humans. Menadiol
sodium phosphate is a water-soluble derivative
of menadione.

Human requirements

See Table 1 for Dietary Reference Values for
vitamin K.

Action

Vitamin K is an essential cofactor for the hepatic
synthesis of proteins involved in the regulation
of blood clotting. These are prothrombin (factor
II), factors VII, IX, X and proteins C, S and Z.
Vitamin K is responsible for the carboxylation
of the bone protein, osteocalcin, to its active
form. Osteocalcin regulates the function of
calcium in bone turnover and mineralisation.
Vitamin K is also required for the biosynthesis
of some other proteins found in plasma and the
kidney.

Dietary sources

See Table 2 for dietary sources of vitamin K.

Metabolism

Absorption
Vitamin K is absorbed into the lymphatic
system, predominantly in the upper part of the
small intestine (jejunum and ileum), by a process
that requires bile salts and pancreatic juice. The
absorption of the different forms of vitamin
K differs. Vitamin K1 (phytomenadione) is
absorbed by an active energy-dependent process
from the proximal portion of the small intestine;
menadione is absorbed by a passive non-carrier-
mediated process from both the small and large
intestines.

There is evidence that bacterially synthesised
vitamin K can be a source of the vitamin for
humans, although the availability of a sufficient
concentration of bile salts for absorption is
questionable (plasma levels of menaquinones
suggest that some absorption occurs).

Distribution
Vitamin K is transported in the plasma and
metabolised in the liver. Vitamin K1 is con-
centrated and retained in the liver. Menadione
is poorly retained by the liver but widely
distributed in all other tissues.

Elimination
Vitamin K is eliminated partly in the bile (30–
40%) and partly in the urine (15%).

Bioavailability

The effect of cooking and food processing on
vitamin K has not been carefully studied, but it
appears to be relatively stable.
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Table 1 Dietary Reference Values for vitamin K (µg/day)

Age UK Safe Intake EVM US RDA FAO/WHO RNI

0–6 months 10 2.01 5
7–12 months 10 2.51 10
1–3 years – 301 15
4–6 years – – 20
4–8 years – 551 –
7–9 years – – 25

9–13 years – 60 –
10–18 years – – 35–55
14–18 years – 75 –
Males
19–70+ years 1µg/kg body weight 1000 120 65
Females
19–70+ years 1µg/kg/body weight 1000 90 55
Pregnancy 1µg/kg/body weight 90 –
Lactation 1µg/kg/body weight 90 –

Some of the requirement for vitamin K is met by synthesis in the intestine.
1 Adequate intakes (AI).

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Table 2 Dietary sources of vitamin K

Food portion
Vitamin K content
(µg)

Broccoli, boiled (100 g) 175
Brussels sprouts, boiled 100

(100 g)
Cabbage, boiled (100 g) 125
Cauliflower, boiled 150

(100 g)
Kale, boiled (100 g) 700
Lettuce (30 g) 45
Spinach, boiled (100 g) 400
Soya beans, cooked 190

(100 g)
Meat, average, cooked

(100 g)
50

Cheese (100 g) 50
Bread and cereals (100 g) < 10
Fruit (100 g) < 10

Excellent sources (> 100 µg/portion) (bold).

Deficiency

Vitamin K deficiency is rare and usually only
occurs in people who have malabsorption prob-
lems or liver disease. However, it can occur in
newborn babies, and all newborns should be
given vitamin K. Deficiency leads to a prolonged
prothrombin time, which can be corrected by
vitamin K supplementation.

Possible uses

Osteoporosis
Vitamin K is not in common use as a dietary
supplement, and few products contain it. How-
ever, there is increasing evidence that vitamin
K deficiency may contribute to osteoporosis
by reducing the carboxylation of osteocalcin
in bone. Low serum levels of vitamin K and
high levels of under-carboxylated osteocalcin
have been reported in both post-menopausal
women and individuals who have sustained hip
fractures,1–3 and low intakes of vitamin K may
increase the risk of hip fracture.4 In addition,
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some studies have shown that patients taking
oral anticoagulants (which are vitamin K antag-
onists) are at increased risk of osteoporosis.

Intervention trials have shown positive ef-
fects on bone and risk of fracture. A study
in which vitamin K2 45 mg daily was given
by mouth to 120 subjects with osteoporosis
was found to reduce the risk of fractures and
to sustain lumbar BMD.5 Combined admin-
istration of vitamin K2 (45 mg daily) and vi-
tamin D3 (1-alpha-hydroxyvitamin D3 0.75 µg
daily) increased the BMD of the lumbar spine
in post-menopausal women with osteoporosis
compared with calcium.6 Combined therapy
with vitamin K2 and vitamin D3 has been
found to increase BMD more than vitamin K2
alone.7 Vitamin K1 1 mg daily (co-administered
with calcium, magnesium, zinc and vitamin D)
reduced bone loss at the femoral neck in post-
menopausal women between 50 and 60 years of
age to a greater extent than vitamin D and the
minerals alone.8

In a Dutch study in post-menopausal women,
80 µg of vitamin K1 daily for 1 year increased
carboxylated osteocalcin to pre-menopausal
levels.9 In another study, vitamin K2 (45 mg
daily) in elderly women with osteoporosis re-
duced serum under-carboxylated osteocalcin
levels within 2 weeks, without any significant
change in intact osteocalcin, suggesting that
under-carboxylated osteocalcin is changed to
carboxylated osteocalcin with potentially ben-
eficial effects on bone metabolism.10

Vitamin K2 has also been found to be
protective in glucocorticoid-induced bone loss.
In one study involving 60 patients, vitamin K2
alone (45 mg daily), vitamin K2 plus vitamin
D3 (alfacalcidol 0.5 µg daily) and vitamin D3
alone prevented BMD loss at the lumbar spine
caused by prednisolone.11 Results from a further
study suggested that vitamin K2 (15 mg daily)
could help to prevent glucocorticoid-induced
bone loss.12

Precautions/contraindications

None reported (except Interactions – see below).

Pregnancy and breast-feeding

No problems reported.

Adverse effects

Oral ingestion of natural forms of vitamin K is
not associated with toxicity. A rare hypersensi-
tivity reaction (occasionally results in death) has
been reported after intravenous administration
of phytomenadione (especially if rapid).

Interactions

Drugs
Antibiotics: may increase requirement for vita-
min K.
Anticoagulants: anticoagulant effect reduced by
vitamin K (vitamin K is present in several tube
feeds); dosage adjustment of anticoagulant may
be necessary, especially when vitamin K has
been used to antagonise excessive effects of anti-
coagulants (see the British National Formulary).
Colestyramine or colestipol: may reduce intesti-
nal absorption of vitamin K.
Liquid paraffin: may reduce intestinal absorp-
tion of vitamin K (avoid long-term use of liquid
paraffin).
Sucralfate: may reduce intestinal absorption of
vitamin K.

Nutrients
Vitamin A: under conditions of hypervita-
minosis A, hypothrombinaemia may occur; it
can be corrected by administering vitamin K.
Vitamin E: large doses of vitamin E (1200 mg
daily) increase the vitamin K requirement in pa-
tients taking anticoagulants, but no confirmed
effect in individuals not taking anticoagulants.

Dose

Vitamin K is not generally available in isolation
as a supplement. It is an ingredient in some
multivitamin preparations. No dose has been
established.

Upper safety levels

The UK Expert Group on Vitamins and
Minerals (EVM) has identified a safe upper
level of vitamin K for adults from supplements
alone of 1000 µg daily.
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Zinc

Description

Zinc is an essential trace mineral.

Human requirements

See Table 1 for Dietary Reference Values for
zinc.

Dietary intake

In the UK, the average adult daily diet provides:
for men, 10.2 mg; for women, 7.4 mg.

Action

The human body contains approximately 2 g
of zinc, making this trace element the most
abundant in the body after iron.1 Zinc is an
essential component of over 200 enzymes. It
plays an important role in the metabolism
of proteins, carbohydrates, lipids and nucleic
acids. It is a cofactor in a range of biochemical
processes, including the synthesis of DNA, RNA
and protein.2 Zinc is also required for the
hepatic synthesis of retinol-binding protein, the
protein involved in transporting vitamin A.
Without adequate zinc, symptoms of vitamin
A deficiency can appear even if supplements of
vitamin A are taken.3

Zinc is also crucial for maintaining the struc-
ture and integrity of cell membranes. Reduction
in the concentration of zinc in biomembranes
results in increased susceptibility to oxidative
damage and alteration in specific transport sys-
tems and receptor sites, and may underlie some
of the disorders associated with zinc deficiency.4

Accumulation of zinc in cell membranes can

block receptor sites for histamine release, lead-
ing to reduction in release of histamine from
mast cells.5

Another important structural role for zinc is
the so-called zinc-finger motif in proteins.6 Zinc
fingers enable polypeptides that are too small to
fold by themselves to fold stably when stabilised
by bound zinc. Zinc finger proteins regulate
gene expression7 by acting as transcription
factors (binding to DNA and influencing the
transcription of specific genes). These proteins
are involved in the metabolism of reproductive
hormones (e.g. androgens, oestrogens and pro-
gesterone). Prostaglandins and nuclear recep-
tors for steroids are also zinc finger proteins.
Zinc has regulatory roles in cell signalling
and influences nerve impulse transmission. It
also has a role in apoptosis (gene-directed cell
death), a critical cellular regulatory process with
implications for growth and development, as
well as a number of chronic diseases.8

Zinc plays a role in immune function, which
explains why it has been investigated for pos-
sible benefit in infections, such as colds. It is
involved in the function of cells contributing
to non-specific immunity, such as neutrophils
and natural killer cells. Zinc also plays a role in
T-lymphocyte function and the development of
acquired immunity.9

Zinc is essential for reproduction. It is
necessary for the metabolism of reproductive
hormones, ovulation, testicular function, the
formation and maturation of sperm, fertilisation
and the health of the mother and foetus during
pregnancy.10 Deficiency of zinc during early
development can be teratogenic. In men, the
prostate gland has the highest concentration of
zinc of any organ in the body.
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Table 1 Dietary Reference Values for zinc (mg/day)

EU RDA = 15 mg

Age UK USA
FAO/WHO

LNRI EAR RNI EVM RDA TUL RNI5

0–3 months 2.6 3.3 4.0 2.01 0 1.1–6.6
4–6 months 2.6 3.3 4.0 2.01 0 1.1–6.6
7–12 months 3.0 3.8 5.0 3.0 5.0 2.5–8.4
1–3 years 3.0 3.8 5.0 3.0 7.0 2.4–8.3
4–6 years 4.0 5.0 6.5 – – 2.9–9.6
4–8 years – – – 5.0 12.0 –
7–10 years 4.0 5.4 7.0 – – 3.3–11.2a

Males
11–14 years 5.3 7.0 9.0 – – 5.1–17.1b

14–18 years – – – 11.0 34.0 5.1–17.1
15–18 years 5.5 7.3 9.5 – – –
19–50+ years 5.5 7.3 9.5 25 11.0 40.0 –
19–65+ years – – – – – 4.2–14.0

Females
11–14 years 5.3 7.0 9.0 – – 4.3–14.4b

14–18 years – – – 9.0 34.0 4.3–14.4
15– 18 years 4.0 5.5 7.0 – – –
19–50+ years 4.0 5.5 7.0 25 8.0 40.0 –
19–65+ years – – – – – 3.0–9.8
Pregnancy * * * 11.02 40.03 –
Lactation – – – 12.04 40.03 –
0–4 months +6.0 – – –
4+ months +2.5 – – –

* No increment.
a 7–9 years. b 10–14 years.
1 Adequate Intakes (AIs). 2 aged <18 years, 13 mg daily. 3 aged <18 years, 34 mg daily.
4 aged <18 years, 14 mg daily. 5 Recommended intake varies from diet of high to low zinc bioavailability.

EVM = Likely safe daily intake from supplements alone.

TUL = Tolerable Upper Intake Level from diet and supplements.

Other roles for zinc include wound healing,
behaviour and learning, taste and smell, blood
clotting, thyroid hormone function and insulin
action. Present in high concentrations in the eye,
particularly in the retina and choroid, zinc plays
a role in the maintenance of vision.11

Zinc also acts as an antioxidant, restricting
endogenous free radical production and acting
as a structural component of the extracellular

antioxidant enzyme, superoxide dismutase. It
also helps to protect against depletion of vita-
min E and maintains tissue concentrations of
metallothionein – a possible scavenger of free
radicals.11

Dietary sources

See Table 2 for dietary sources of zinc.
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Table 2 Dietary sources of zinc

Food portion Zinc Food portion Zinc
content (mg) content (mg)

Breakfast cereals 1 beef steak (155 g) 7.0
1 bowl All-Bran (45 g) 3.0 Minced beef, lean, stewed (100 g) 6.0
1 bowl Bran Flakes (45 g) 1.5 1 chicken leg (190 g) 2.0
1 bowl Corn Flakes (30 g) 0.1 Liver, lambs, cooked (90 g) 4.0
1 bowl muesli (95 g) 2.0 Kidney, lambs, cooked (75 g) 3.0
2 pieces Shredded Wheat 1.0 Fish
2 Weetabix 1.0 Pilchards, canned (105 g) 1.5
Cereal products Sardines, canned (70 g) 2.0
Bread, brown, 2 slices 0.7 Crab (100 g) 5.5

white, 2 slices 0.4 1 dozen oysters 78.7
wholemeal, 2 slices 1.3 Vegetables

1 chapati 0.7 Green vegetables, average, boiled (100 g) 0.4
Pasta, brown, boiled (150 g) 1.5 Potatoes, boiled (150 g) 0.5

white, boiled (150 g) 0.7 1 small can baked beans (200 g) 1.0
Rice, brown, boiled (165 g) 1.0 Lentils, kidney beans or other pulses (105 g) 1.0

white, boiled (165 g) 1.0 Dahl, chickpea (155 g) 1.5
Milk and dairy products lentil (155 g) 1.5
1/2 pint milk, whole, semi-skimmed

or skimmed
1.0 Soya beans, cooked (100 g) 1.0

1 pot yoghurt (150 g) 1.0 Fruit
Cheese, Brie (50 g) 1.0 8 dried apricots 0.2

Camembert (50 g) 1.3 4 figs 0.3
Cheddar (50 g) 1.1 Half an avocado pear 0.3
Cheddar, reduced fat (50 g) 1.4 1 banana 0.2
Cottage cheese (100 g) 0.5 Blackberries (100 g) 0.2
Cream cheese (30 g) 0.2 Blackcurrants (100 g) 0.3
Edam (50 g) 1.1 Nuts
Feta (50 g) 0.4 20 almonds 0.6
Fromage frais (100 g) 0.3 10 Brazil nuts 1.0
White cheese (50 g) 1.5 30 hazelnuts 0.7

1 egg, size 2 (60 g) 0.8 1 small bag peanuts (25 g) 1.0
Meat and fish
Red meat, roast (85 g) 4.0

Excellent sources (bold); good sources (italics)

Metabolism

Absorption
Absorption occurs throughout the length of the
small intestine, mostly in the jejunum, both by
a carrier-mediated process and by diffusion.

Distribution
Zinc is transported in association with al-
bumin, amino acids and a 2-macroglobulin.
Zinc is principally an intracellular ion and

approximately 95% is found within the cells.
Approximately 57% of the body pool is stored
in skeletal muscle, 29% in bone and 6% in the
skin, but zinc is found in all body tissues and
fluids, including the liver, kidneys, pancreas,
prostate gland and retina.2

Elimination
Elimination of zinc is mainly in the faeces;
smaller amounts are excreted in the urine and
via the skin.
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Bioavailability

Absorption of zinc is enhanced by certain amino
acids such as cysteine and histidine; meat, dairy
produce and fish contain these amino acids
and therefore their zinc is efficiently absorbed.
Zinc from wholegrain cereals, including bran
products, and also soy protein, is less available,
partly because of the presence of phytate. The
effect of non-starch polysaccharides (dietary
fibre), tannic acid and caffeine is equivocal.
High calcium intake may reduce absorption, but
this is likely only at higher than recommended
intakes of calcium (e.g. >1500 mg daily).

Deficiency

Clinical manifestations of severe zinc defi-
ciency include alopecia, diarrhoea, dermatitis,
psychiatric disorders, weight loss, intercurrent
infection (due to impaired immune function),
hypogonadism in males, and poor ulcer healing.
Signs of mild to moderate deficiency include
growth retardation, male hypogonadism, poor
appetite, rough skin, mental lethargy, delayed
wound healing and impaired taste acuity.

Maternal zinc deficiency before and during
pregnancy may lead to intrauterine growth
retardation and congenital abnormalities in the
foetus.

Possible uses

Anorexia nervosa
It has been suggested that zinc deficiency is
involved in the aetiology of anorexia nervosa.
Teenage girls who are restricting their food
intake during the period of rapid growth may
develop a state of zinc deficiency and anorexia
nervosa. A daily supplement of 45 mg of zinc,
as zinc sulphate, has been reported to result in
weight gain in 17 young female patients with
long-standing anorexia nervosa.12 The weight
gain continued over a 4-year follow-up period.
Compared with placebo, a daily dose of 100 mg
of zinc gluconate doubled the rate of increase
in body mass index in 35 female patients with
anorexia.13

Wound healing
Zinc is essential in wound healing and zinc
supplementation is valuable in cases of wounds
where there is zinc deficiency or malnutrition.
According to one review, zinc administered
orally or topically to wounds can promote
healing and reduce infection.14 In patients
with low serum zinc levels, topical zinc ox-
ide has been shown to promote cleansing
and re-epithelialisation of leg ulcers, reduc-
ing deterioration of ulcers and the risk of
infection.15 A Cochrane review assessed six
placebo-controlled trials of zinc supplementa-
tion in arterial and venous leg ulcers and found
no overall benefit on the number of ulcers
healed.16 However, in people with low serum
zinc levels, there is some evidence that oral zinc
might improve healing of leg ulcers.

Common cold
The use of zinc lozenges within 24 h of the onset
of cold symptoms and continued every 2–3 h
while awake has been advocated for reducing
the duration of the common cold. One proposed
mechanism is that zinc may bind with proteins
of critical nerve endings in the respiratory tract
and surface proteins of the rhinovirus, thereby
interrupting virus infection.17 However, results
from RCTs in humans are conflicting. A meta-
analysis of six RCTs reported no statistical
benefit of using zinc lozenges to reduce cold
duration.18 Two additional analyses of RCTs of
zinc for the common cold found that evidence
is inconclusive.19,20 A total of 10 RCTs have
now been conducted to evaluate the use of zinc
lozenges on the duration of colds. Of these, five
showed a positive effect and five reported no
effect.

Researchers have suggested that discrepan-
cies may be caused by inadequate placebo
control and differences in lozenge formula-
tion, administration and dosage. The amount
of available ionised zinc may influence the
effectiveness of zinc and this varies with dif-
ferent lozenge formulations. The addition of
flavouring agents such as citric acid, mannitol or
sorbitol to zinc gluconate lozenge preparations
decreases the effect of zinc ionisation, and hence
its release, while the addition of glycine to zinc
gluconate lozenges does not.21 Positive results in
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the common cold are generally associated with
zinc gluconate or zinc acetate, while other forms
are less effective.

Some researchers question the clinical rele-
vance of oral zinc levels because the rhinovirus
replicates in the nasal mucosa. Zinc nasal
preparations have also been investigated for
the common cold. One study showed that a
nasal gel formulation reduced cold duration
compared with placebo when used within 24 h
of onset of symptoms,22 while others showed
no effect of a nasal spray on duration of cold
symptoms.23,24

Taking lozenges every 2–3 h while awake
may result in daily zinc intakes above the safe
upper level of 25 mg daily. Short-term use of
zinc lozenges (up to 5 days) has not resulted in
serious side-effects, although some individuals
experience gastrointestinal irritation. Use of zinc
at above the upper limit for prolonged periods
(e.g. 6–8 weeks) is not recommended and may
lead to copper deficiency.

Male fertility
Zinc is necessary for growth, sexual maturation
and reproduction. Infertile men have been re-
ported to have reduced seminal and serum zinc
levels compared with fertile men.25–27 However,
other research has shown no statistically sig-
nificant relationship between zinc in serum or
seminal plasma and semen quality or IgA or
IgG antisperm antibody. In the same study, zinc
levels had no influence on sperm capacity to
penetrate cervical mucus in vitro or in vivo and
had no effect on subsequent fertility.28

Age-related macular degeneration (ARMD)
Several studies have investigated the effects
of zinc and antioxidant vitamins on the pro-
gression of age-related macular degeneration
(ARMD). The highest profile study is the Age-
Related Eye Disease Study (AREDS) in which
high-dose zinc supplements (80 mg daily, which
is about 10 times the Reference Nutrient In-
take), together with antioxidants, were shown
to reduce the risk of progression to advanced
ARMD among patients who already had ex-
tensive drusen.29 A Cochrane review looked at
the overall evidence to date, including AREDS,
and concluded that current data are insufficient

to state that antioxidant vitamin and mineral
supplementation should be taken during early
signs of the disease and that more research is
needed.30

Miscellaneous
There is limited evidence that zinc may play
a role in the treatment of benign prostatic
hyperplasia (BPH), exercise performance,31 and
immune function in the elderly.32 In AIDS
patients receiving azidothymidine (AZT) sup-
plemented with zinc for 30 days, body weight
was stabilised and the frequency of opportunis-
tic infections reduced in the following 2 years.33

However, further controlled trials are needed.
The role of zinc supplements in acne, white spots
on the finger nails and treatment of brittle nails
is controversial.

Conclusion
Results from studies investigating the effect
of zinc supplements on the common cold
are conflicting. There is limited evidence
for a benefit of zinc in male infertility and
immune function. Further controlled trials are
needed.

Adverse effects

Signs of acute toxicity (doses >200 mg daily)
include gastrointestinal pain, nausea, vomiting
and diarrhoea. Prolonged exposure to doses
>50 mg daily may induce copper deficiency
(marked by low serum copper and caerulo-
plasmin levels, microcytic anaemia and neutro-
penia), and iron deficiency. Doses >150 mg
daily may reduce serum HDL levels, depress
immune function and cause gastric erosion.

Interactions

Drugs
Ciprofloxacin: reduced absorption of cipro-
floxacin.
Oral contraceptives: may reduce plasma zinc
levels.
Penicillamine: reduced absorption of penicil-
lamine.
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Tetracyclines: reduced absorption of zinc and
vice versa.

Nutrients
Copper: large doses of zinc may reduce absorp-
tion of copper.
Folic acid: may reduce zinc absorption (raises
concern about pregnant women who are ad-
vised to take folic acid to reduce the risk of birth
defects).
Iron: reduces absorption of oral iron and vice
versa (raises concern about pregnant women
who are often given iron; this may reduce
zinc status and increase the risk of intrauterine
growth retardation and congenital abnormali-
ties in the foetus).

Dose

Zinc is available in the form of tablets and
capsules and as an ingredient in multivitamin
preparations.

The dose beyond the RDA is not established.
Dietary supplements contain 5–50 mg (elemen-
tal zinc) per daily dose.

The zinc content of some commonly used
zinc salts is as follows: zinc amino acid chelate
(100 mg/g); zinc gluconate (130 mg/g); zinc oro-
tate (170 mg/g); zinc sulphate (227 mg/g).

Upper safety limits

The UK Expert Groups on Vitamins and
Minerals (EVM) has identified a safe upper limit
of zinc for adults from supplements alone of
25 mg daily.
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Appendix 1

Guidance on safe upper levels of
vitamins and minerals

Vitamin/mineral EU RDA EVM UK TUL USA SCF EU

Vitamin A (retinol equivalent µg) 800 15001 3000 3600
Vitamin B1 (thiamine) mg 1.4 1001 –
Vitamin B2 (riboflavin) mg 1.6 1001 – –
Vitamin B6 (pyridoxine) mg 2 102 100 25
Vitamin B12 (cobalamin) µg 1 10001 – –
Vitamin C (ascorbic acid) mg 60 10001 2000 –
Vitamin D (cholecalciferol) µg 5 251 50 50
Vitamin E (tocopherol) mg 10 7272 1000 300
Niacin mg 18 30
Nicotinamide mg – 5001 900
Nicotinic acid mg – 171 10
Biotin µg 150 9701 – –
Folic acid µg 200 10001 1000 1000
Pantothenic acid mg 6 2001 – –
Calcium mg 800 15001 2500 2500
Iodine µg 150 5001 1100 600
Iron mg 14 171 45
Magnesium mg 300 4001 350 250
Phosphorus mg 800 2501 4000
Zinc mg 15 252 40 25
Vitamin K mg – 11 – –
Beta-carotene mg 72 – 20
Chromium µg – – –
Copper mg 52 10 5
Manganese mg 41 11 –
Molybdenum µg – 2000 600
Selenium µg – 2002 400 300
Boron mg – 5.92 20
Nickel mg – 1
Vanadium mg – 1.8 –

EU RDA : the Recommended Daily Allowance considered sufficient to prevent deficiency in most individuals in the population.

EVM : draft figures (2002) produced by the Food Standards Agency (FSA) Expert Vitamin and Mineral (EVM) group.
1 Likely safe total daily intake from supplements alone.
2 Safe upper level from supplements alone.

TUL : Tolerable Upper Intake Levels defined by the Food and Nutrition Board of the US National Academy of Sciences as the highest total level of a nutrient (diet

plus supplements) that could be consumed safely on a daily basis, which is unlikely to cause adverse health effects to almost all individuals in the general

population. As intakes rise above the TUL, the risk of adverse effects increases. The TUL describes long-term intakes, so an isolated dose above the TUL need

not necessarily cause adverse effects. The TUL defines safety limits and is not a recommended intake for most people most of the time.

SCF : Tolerable Upper Intake Levels defined by the European Commission’s Scientific Committee on Food (SCF) as the maximum level of chronic daily intake of a

nutrient (from all sources) judged to be unlikely to pose a risk of adverse effects to humans. http://ec.europa.eu/comm./food/fs/sc/scf/out80 en.html

Note : dashes (–) indicate that the nutrient has been considered but no level set. Where the column is blank, the nutrient has not been considered.
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Drug and supplement interactions

Drug Food/nutrient Effect Intervention

Drugs acting on the gastrointestinal system

Antacids Iron Aluminium-, magnesium- and
calcium-containing antacids and
sodium bicarbonate reduce
absorption of iron

Separate administration of antacids
and iron by at least 2 h

Sulfasalazine Folic acid Sulfasalazine can reduce
absorption of folic acid

Monitor and give a supplement if
necessary

Stimulant laxatives Potassium Prolonged use of stimulant
laxatives can precipitate
hypokalaemia

Avoid prolonged use of laxatives

Liquid paraffin Fat-soluble vitamins Liquid paraffin reduces absorption
of vitamins A, D, E and K

Avoid prolonged use of liquid
paraffin

Drugs acting in the treatment of diseases of the cardiovascular system

Thiazide diuretics Calcium/vitamin D Excessive serum calcium levels can
develop in patients given thiazides
with supplements of calcium
and/or vitamin D

Concurrent use of thiazides with
calcium and/or vitamin D need not
be avoided but serum calcium levels
should be monitored

ACE inhibitors Potassium Concurrent use of ACE inhibitors
with potassium may induce severe
hyperkalaemia

Avoid

Potassium-sparing
diuretics

Potassium Concurrent use of
potassium-sparing diuretics and
either potassium supplements or
potassium-containing salt
substitutes may induce severe
hyperkalaemia

Avoid concurrent use of
potassium-sparing diuretics and
potassium supplements unless
potassium levels are monitored ; warn
patients about risks of salt substitutes

Calcium-channel
blockers

Calcium Therapeutic effects of verapamil
can be antagonised by calcium

Calcium supplements should be used
with caution in patients taking
verapamil

Hydralazine Vitamin B6 Long-term administration of
hydralazine may lead to
pyridoxine deficiency

Vitamin B6 supplement may be
needed if symptoms of peripheral
neuritis develop

367
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Drug Food/nutrient Effect Intervention

Anticoagulants Vitamin E Effects of warfarin may be
increased by large doses of
vitamin E (>100 units daily)

Avoid high-dose vitamin E
supplements

Vitamin K Effects of anticoagulants can be
reduced or abolished by large
intakes of vitamin K

Avoid excessive intake of vitamin K
(e.g. check labels of enteral feeds)

Bromelain
Chondroitin
Fish oils
Garlic

Effects of anticoagulants may be
increased by these supplements

Care with these supplements in
people taking anticoagulants, aspirin
and anti-platelet drugs. Avoid if
possible, otherwise monitor carefully

Ginkgo biloba
Ginseng
Grape seed extract
Green tea
S-adenosyl
methionine

Colestyramine Fat-soluble vitamins Prolonged use of these drugs may
result in deficiency of fat-soluble
vitamins

Supplements of vitamins A, D, E and
K may be needed if these drugs are
administered for prolonged periods

Colestipol

Drugs acting on the central nervous system

Phenothiazines Evening primrose oil Evening primrose oil supplements
may increase the risk of epileptic
side-effects

Avoid evening primrose oil
supplements

Monoamine
oxidase inhibitors

Brewer’s yeast Brewer’s yeast may provoke a
hypertensive crisis

Avoid brewer’s yeast supplements

Anti-epileptics* Folic acid Anti-epileptics may cause folate
deficiency, but use of folic acid
supplements may lead to a fall in
serum anticonvulsant levels and
reduced seizure control

Folic acid supplements should be
given only to those folate-deficient
patients on anti-epileptics who can
be monitored

Vitamin B6 Large doses of vitamin B6 may
reduce serum levels of phenytoin
and phenobarbitone

Avoid large doses of vitamin B6 from
supplements (>10 mg daily)

Vitamin D Anti-epileptics may disturb
metabolism of vitamin D leading
to osteomalacia

Susceptible individuals should take
10 µg vitamin D daily

Vitamin K Anti-epileptics have been
associated with foetal
haemorrhage. This is because the
drug crosses the placenta and
decreases vitamin K status,
resulting in bleeding in the infant

Vitamin K should be provided to the
newborn infant

Levodopa Iron Iron reduces the absorption of
levodopa

Separate doses of iron and levodopa
by at least 2 h

Vitamin B6 Effects of levodopa are reduced or
abolished by vitamin B6
supplements (>5 mg daily), but
dietary vitamin B6 has no effect

Avoid all supplements containing any
vitamin B6. Suggest co-careldopa or
co-beneldopa as an alternative to
levodopa
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Drug Food/nutrient Effect Intervention

Drugs used in the treatment of infections

Tetracyclines Iron Absorption of tetracyclines is
reduced by iron and vice versa

Separate doses of iron and
tetracyclines by at least 2 h

Calcium/magnesium/
zinc

Absorption of tetracyclines may be
reduced by mineral supplements
and vice versa

Separate doses of mineral
supplements and tetracyclines by at
least 2 h

Trimethoprim Folic acid Folate deficiency in susceptible
individuals

Folic acid supplement may be
needed if drug used for prolonged
periods

4-quinolones Iron/zinc Absorption of 4-quinolones may
be reduced by mineral
supplements and vice versa

Separate doses of mineral
supplements and 4-quinolones by at
least 2 h

Cycloserine Folic acid Folate deficiency in susceptible
individuals

Monitor folate status and give
supplement if necessary

Isoniazid Vitamin B6 Long-term administration of
isoniazid may lead to pyridoxine
deficiency

Vitamin B6 supplement may be
needed if symptoms of peripheral
neuritis develop

Rifampicin Vitamin D Rifampicin may disturb
metabolism of vitamin D leading
to osteomalacia in susceptible
individuals

Monitor serum vitamin D levels

Drugs used in the treatment of disorders of the endocrine system

Oral
hypoglycaemics
and insulin

Aloe vera These supplements could
theoretically potentiate the effects
of oral hypoglycaemics and insulin

Care in people on medication for
diabetes

Alpha-lipoic acid
Chromium
Glucosamine Glucosamine might reduce the

effects of oral hypoglycaemics
and insulin

Care in people on medication for
diabetes

Oestrogens
(including HRT
and oral
contraceptives)

Vitamin C Concurrent administration of
oestrogens and large doses of
vitamin C (1 g daily) increases
serum levels of oestrogens

Avoid high-dose vitamin C
supplements

DHEA May potentiate hormonal effects Care in people using HRT
Isoflavones May potentiate hormonal effects Care in people using HRT

Bisphosphonates Calcium May lead to reduced absorption
of bisphosphonate

Take 2 h apart

Thyroid medication Kelp/iodine May lead to poor control of
thyroid condition

Avoid without a doctor’s advice.

Drugs used in the treatment of musculo-skeletal and joint diseases

Penicillamine Iron/zinc Absorption of penicillamine
reduced by mineral supplements
and vice versa

Separate doses of mineral
supplements and penicillamine by at
least 2 h

*This interaction applies to the older anti-epileptic drugs (e.g. phenytoin, primidine, phenobarbitone, valproate and carbamazepine). There is little information

on newer anti-epileptic drugs except with the possibility of lamotrigine, which may have anti-epileptic properties. (Gilman JT. Lamotrigine: an antiepileptic

agent for the treatment of partial seizures. Ann Pharmacother 1995; 29: 144–151.)
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Additional resources

Government web sites related to
dietary supplements

United Kingdom

UK Food Standards Agency Expert Group
on Vitamins and Minerals (EVM)
A group of independent experts established to
consider the safety of vitamins and minerals sold
under food law. Produced a report, Safe Upper
Levels for Vitamins and Minerals, in May 2003.
http://www.food.gov.uk

Medicines and Healthcare products
Regulatory Agency (MHRA)
The UK body that licenses medicines. Provides
information on legislation relating to herbals
and supplements.
http://www.mhra.gov.uk

Europe

European Union Food Safety web site
Gives details of all EU regulation on food
supplements.
http://www.europa.eu/pol/food/index en.htm

European Food Safety Authority (EFSA)
http://ec.europa.eu/comm./food/efsa/efsa
admin en.htm

USA

US Food and Drug Administration (FDA)
FDA Center for Food Safety and Applied Nutri-
tion
http://vm.cfsan.fda.gov/list.html

FDA press releases and fact sheets
http://vm.cfsan.fda.gov/∼lrd/press.html

FDA what’s new
http://vm.cfsan.fda.gov/∼news/whatsnew.html

Announcements about dietary supplements
Includes details of adverse effects reported to
the FDA about individual supplements.
http://vm.cfsan.fda.gov/∼dms/supplmnt.html

Overview and history of FDA and the
Center for Food Safety and Applied
Nutrition
http://vm.cfsan.fda.gov/∼lrd/fdahist.html

National Institutes of Health Office of
Dietary Supplements
http://dietary-supplements.info.nih.gov

Associations representing industry

Association of the European
Self-Medication Industry (AESGP)
European trade association representing the
over-the-counter healthcare products industry.
http://www.aesgp.be

Council for Responsible Nutrition (CRN)
Provides member companies with legislative
guidance, regulatory interpretation, scientific
information on supplement benefits and safety
issues and communications expertise.
UK web site : http://www.crn-uk.org
US web site : http://www.crnusa.org

Health Food Manufacturers’ Association
(HFMA)
A trade association that acts as a voice for the
industry; covers food supplements, health foods,
herbal remedies, etc.
http://www.hfma.co.uk
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International Alliance of Dietary/Food
Supplement Associations (IADSA)
Aims to facilitate a sound legislative and po-
litical environment to build growth in the
international market for dietary supplements
based on scientific principles.
http://www.iadsa.org

Proprietary Association of Great Britain
(PAGB)
UK trade association representing the consumer
healthcare industry.
http://www.pagb.co.uk

Journals and newsletters

American Journal of Clinical Nutrition
Official journal of the American Society for
Clinical Nutrition. Published monthly.
http://www.ajcn.org

Focus on Alternative and Complementary
Therapies (FACT)
Provides summaries and commentaries on var-
ious aspects of complementary medicine, in-
cluding vitamins, minerals and supplements.
Published quarterly.
http://www.pharmpress.com

Journal of Dietary Supplements
A peer-reviewed academic publication, provid-
ing the latest information on food supplements.
Published quarterly.
The Haworth Press Inc.
http://www.haworthpressinc.com
Tel : +1 800 342 9678

Medicinal Foods News
An online magazine devoted to medical and
functional foods.
http://www.medicinalfoodnews.com

Veris Newsletter
Source of information on the role of nutrition in
health, with emphasis on antioxidants, botani-
cals and other ingredients from natural sources.
http://www.cognis.com/veris/verisdefault.htm

On-line research information and comment

Arbor Nutrition Guide
Provides regular updates on nutritional issues,
including those with relevance to supplements.
http://arborcom.com (for subscriptions, see
http://www.nutritionupdates.org/sub/sub01.
php?item=3)

International bibliographic information on
dietary supplements (IBIDS)
The aim of this database is to help health
professionals, researchers and the general public
find scientific literature on dietary supplements.
http://ods.od/nih.gov/Health Information/
IBIDS.aspx

Medline
The US National Library of Medicine’s biblio-
graphic database providing extensive coverage
of medicine and healthcare from approximately
3900 current biomedical journals, published in
about 70 countries.
http://www.ncbi.nlm.nih.gov/pubmed

Medline Dietary Supplements
http://www.nlm.nih.gov/medlineplus/
dietarysupplements. html

Medline Vitamins
http://www.nlm.nih.gov/medlineplus/
vitamins.html

Other information

Consumer Lab
Tests the content of diet supplements in the USA
and provides reports on its work.
http://consumerlab.com

Health Supplement Information Service
(HSIS)
Developed by the Proprietary Association of
Great Britain (PAGB) to present the facts
about health supplements in a straightforward
way. Aims to eliminate confusion and provide
reliable data about individual nutrients and
supplements.
http://www.hsis.org
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Joint Health Claims Initiative (JHCI)
Established as a joint venture by consumer
organisations, enforcement authorities and in-
dustry trade associations to concerns relating to
health claims and develop a code of practice to
regulate the use of health claims on foods and
supplements.
http://www.jhci.org.uk

Quackwatch
A non-profit organisation with the aim of
debunking health-related frauds, myths, fads
and fallacies. There are sections on dietary
supplements.
http://www.quackwatch.com/index.html
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ACE inhibitors 250, 367
acetylcholine 66, 303
acetyl-l-carnitine (ALC)
acyl carrier protein 236
adenosine triphosphate (ATP) 89
Adequate Daily Dietary Intakes xix
adequate intakes (AIs) xix
adolescents, calcium supplements 38
adrenocorticotrophic hormone (ACTH) 241
advertising, regulation xiii
Advertising Standards Authority (ASA)
age-related macular degeneration (AMD)

antioxidants 14
ginkgo biloba 148
lutein 56
zinc 14, 363

AIDS see HIV infection/AIDS
AIs (adequate intakes) xix
ajoene 141
alcohol

calcium interactions 42
high intake, folic acid and 133
magnesium interactions 204
pantothenic acid interactions 238
riboflavin interactions 282
thiamine and 301, 303, 304
vitamin B6 and 322
vitamin B12 and 327

alcoholism, chronic 130, 305
aldehyde oxidase 217
alfacalcidol 339, 342, 343
allergic disorders

probiotics/prebiotics 255
see also atopic eczema

allergic reactions
bee pollen 19
ginkgo biloba 149
nickel 228
psyllium 265
royal jelly 284

allergic rhinitis
probiotics 255
quercetin 273
seasonal see seasonal allergic rhinitis
Spirulina 298

allicin 141
alliin 141
aloe vera 1
aloes 1

alpha-carotene 51
alpha-linolenic acid 124
alpha-lipoic acid 4
alpha-tocopherol see vitamin E
Alzheimer’s disease

carnitine and 48
choline 66
fish oils 110
folic acid and 134
ginkgo biloba 147
lecithin 197
phosphatidylserine 240
silicon and 297
thiamine 303
vitamin E 351
see also dementia

amino acids xi, 285
branched-chain (BCAAs) 28

aminoglycosides 327
aminosalicylates 327
amyotrophic lateral sclerosis (ALS) 29, 232
anaemia xi

iron deficiency 180
megaloblastic 324
pernicious 135, 324

analgesic activity, pycnogenol 269
aneurine see thiamine
angina pectoris

antioxidants 9
beta-carotene 55
bromelain 34
carnitine 48
coenzyme Q 77
fish oils 106
vitamin E and 349

animal studies xx
anorexia 29
anorexia nervosa 96, 362
antacids 42, 183, 367
anthocyanins 118
anti-angiogenesis factors 294
antibiotic-associated diarrhoea 253
antibiotics 369

folic acid interactions 135
vitamin B12 interactions 327
vitamin K interactions 357

anticoagulants 368
chondroitin interactions 69
fish oil interactions 113

373
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anticoagulants (cont.)
ginkgo biloba interactions 149
vitamin interactions 316, 335, 351,

357
see also warfarin

anticonvulsants (anti-epileptics) 368
biotin interactions 24
calcium interactions 42
carnitine interactions 49
folic acid interactions 135
vitamin interactions 335, 343, 351

anti-diabetic drugs 6, 74, 265, 369
antiepileptic drugs see anticonvulsants
antimicrobial activity

bromelain 34
garlic 143
green tea extract 171

antioxidants 8, 9
action 8
alpha-lipoic acid 4
cancer prevention xx, 12
capacity 8
carotenoids 8, 51
coenzyme Q 8, 76
grape seed extract 166
green tea 8, 171

N-acetyl cysteine 219
possible uses 9
quercetin 272
zinc 360
see also other specific antioxidants

anti-platelet drugs 2, 149
see also aspirin; platelet aggregation

antiretroviral therapy 281
antithyroid drugs 178, 369
anti-viral activity

flavonoids 122
quercetin 273
Spirulina 298

aortic stenosis 11
arachidonic acid 18, 99
Arbor Nutrition Guide 371
arthritis

boron 26
bromelain 33
methylsulfonylmethane 215
pantothenic acid 237
see also osteoarthritis; rheumatoid arthritis

ascorbic acid 330
see also vitamin C

aspartame 265
aspirin 113, 149, 265, 335
Association of the European Self-Medication Industry

(AESGP)
astaxanthin 51
asthma

fish oils 108
green-lipped mussel 169
shark cartilage-induced 295
vitamin B6 320
vitamin C 333

atherosclerosis
antioxidants and 10
conjugated linoleic acid 82

fish oils and 103
flavonoids and 120
vitamin C and 333
see also cardiovascular disease; coronary heart disease

athletic performance see exercise performance
atopic eczema 100, 255
ATP (adenosine triphosphate) 89
attention deficit hyperactivity disorder (ADHD) 111,

269
autism 321
autoimmune disorders

flaxseed oil 125
quercetin 273
vitamin D 342
see also multiple sclerosis; rheumatoid arthritis; systemic

lupus erythematosus
azidothymidine (AZT) 363

bacteria, probiotic 251
bacterial vaginosis 254
barbiturates 282, 343
bee pollen 19
behavioural problems, childhood 111
benign prostatic hyperplasia 19
beri-beri 302
beta-blockers 213
beta-carotene 51

age-related macular degeneration 14
antioxidant activity 8, 51
cancer 12, 53
cardiovascular disease 9, 55
cataract 13, 55
dietary intake guidelines 366
dietary sources 52
possible uses 53

betaine 21
β-sitosterol 139
bifidobacteria 251
biochanin A 186
bioflavonoids see flavonoids
biotin 23

deficiency 24
dietary reference values 23, 366

bisphosphonates 42, 183, 369
blackcurrant oil 99
bladder cancer
bleeding tendency, increased 113, 149

see also platelet aggregation
blood pressure

calcium and 40
ginseng and 153
magnesium and 201
melatonin and 211
vitamin D and 342
see also hypertension

body composition
conjugated linoleic acid and 81
dehydroepiandrosterone and 94

body-building 73
bone metabolism

conjugated linoleic acid and 82
silicon and 297

bone mineral density (BMD)
boron and 25



Index 375

calcium action 36
dehydroepiandrosterone and 96
isoflavones and 187
vitamin A and 315
vitamin K and 357
see also osteoporosis

borage oil 99
borax 26
boric acid 26
boron 25

dietary intake guidelines 366
toxicity 26

bovine spongiform encephalopathy
(BSE) 242

brain function see cognitive function
brain tumours 64, 211
branched-chain amino acids (BCAAs) 28
brand names xiv
breast cancer

antioxidants and 13, 54
coenzyme Q 78
dehydroepiandrosterone and 96
flavonoids and 121
folic acid and 133
green tea and 171
isoflavones 187, 190
melatonin and 211
selenium and 290
vitamin A and 314
vitamin E and 349

breast-feeding
calcium supplements 42
fish oil supplements 111
vitamin D supplements 341, 343

brewer’s yeast 31, 72
British Herbal Manufacturers’ Association

(BHMA) x
bromelain 33
bronchitis, chronic 219
bruises 33
BSE (bovine spongiform encephalopathy) 242
burning mouth syndrome 6
burns 1

cachexia 29
caeruloplasmin 86
caffeine 91, 171, 176, 209
calcifediol (25(OH)D3) 339, 340
calciferol 339
calcitonin 343
calcitriol see 1, 25-dihydroxycholecalciferol
calcium 36

boron actions 25
conjugated linoleic acid and 82
content of supplements 43
deficiency xii, 37
dietary reference values 37, 366
dietary sources 38
iron interactions 42, 183
vitamin D and 36, 42, 340, 343
zinc and 42, 362

calcium-channel blockers 367
campestanol 243
campesterol 139, 243

cancer
alpha-lipoic acid 6
antioxidants xx, 12
beta-carotene 12, 53
calcium 40
coenzyme Q 78
conjugated linoleic acid 82
fish oils 112
flavonoids and 121
flaxseed oil and 125
folic acid and 133
garlic 143
ginseng and 154
green tea and 171
isoflavones and 187
magnesium and 203
melatonin and 211
N-acetyl cysteine 220
quercetin 272
resveratrol 276
selenium and 289, 290
shark cartilage and 294
vitamin A and 13, 314
vitamin C and 13, 333
vitamin D and 342
vitamin E and 12, 348

candidal vaginitis 254
canthaxanthin retinopathy 58
capillary resistance 166
carbamazepine 265, 351
carbenoxolone 250
cardiac arrhythmias 104
cardiac glycosides 42

see also digoxin
cardiac surgery 78, 153
cardiovascular disease (CVD)

alpha-linolenic acid 19
antioxidants 9
beta-carotene 9, 55
bromelain 34
carnitine 48
choline 66
chromium 73
coenzyme Q 11, 77
dehydroepiandrosterone and 95
fish oils 105
flavonoids 120
flaxseed oil 124
folic acid and 11, 131
garlic and 141
ginseng and 153
grape seed extract 166
green tea and 172
isoflavones 186
magnesium 199
octacosanol 229
phytosterols 243
probiotics 255
pycnogenol 269
quercetin 272
resveratrol 276
S-adenosyl methionine 286
selenium and 10, 289, 291
soya proteins 184
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cardiovascular disease (CVD) (cont.)
vitamin B6 and 132, 320
vitamin B12 and 132, 326
vitamin C and 333
vitamin D 342
vitamin E and 9, 349
see also coronary heart disease; stroke

caries, dental 127
carnitine 47
carotenoids 51, 312

antioxidant properties 8, 51
cataract and 13, 55, 56
dietary sources 52
phytosterol interactions 245
vs flavonoids 118
see also beta-carotene; vitamin A

carpal tunnel syndrome 281, 319
cartilage, shark 294
cataract

antioxidants and 13
carotenoids and 13, 55, 56
flavonoids and 121
quercetin and 273
vitamin C and 334
vitamin E and 13, 350

catechins 171, 268
cervical dysplasia 54
cervical lesions, human papilloma virus (HPV) infected

173
CHF see heart failure, congestive
children

calcium supplements 38
evening primrose oil 100, 102
fish oil 111
fluoride supplements 127, 128
melatonin 210
nutritional deficiencies xi
phytosterols 245
probiotics 252, 254
vitamin A and D supplements 314, 341

chitosan 61
chloramphenicol 327
Chlorella 63
Chlorella Growth Factor 63
chocolate 119, 121
cholecalciferol 339

see also vitamin D
cholesterol, serum

carnitine and 48
chitosan and 61
chromium and 73
fish oils and 107
garlic and 141
lecithin and 196
octacosanol and 230
pantothenic acid and 238
phytosterols and 243
probiotics/prebiotics and 255
pycnogenol and 269
soya/isoflavones and 184, 186, 187
vitamin C and 333
see also hypercholesterolaemia

cholestyramine see colestyramine
choline 65, 196

chondroitin 68, 159
osteoarthritis 68, 159, 161
in shark cartilage 294

chromium 31, 71
deficiency 71
dietary intake guidelines 71, 366

chronic fatigue syndrome 48
chronic obstructive pulmonary disease (COPD)

90, 219
ciprofloxacin 363
claims xiii, xiv, xv
classification, dietary supplements xi
claudication, intermittent 147, 231
Clostridium difficile diarrhoea 31, 252, 253
clotting factors, vitamin K-dependent 355
clozapine 292
cobalamin 324, 328
co-careldopa 183
Codex Alimentarius Commission xv
coenzyme A 236
coenzyme Q 76

antioxidant properties 8, 76
cancer prevention 13
cardiovascular disease and 11, 77

coenzyme R see biotin
cognitive function

boron and 26
dehydroepiandrosterone and 95
fish oils and 110
ginkgo biloba and 146
ginseng and 153
green tea and 173
isoflavones and 189
melatonin and 212
phosphatidylserine and 240
vitamin B6 and 321
vitamin B12 and 325
see also dementia; memory effects

colchicine 316, 327
cold, common

flavonoids 122
ginseng 155
probiotics 257
vitamin C 332
zinc 362

colecalciferol (vitamin D3) 339
colestipol 368

vitamin A interaction 316
vitamin D interaction 343
vitamin E interaction 351
vitamin K interaction 357

colestyramine 368
folic acid interaction 135
vitamin A interaction 316
vitamin B12 interaction 327
vitamin D interaction 343
vitamin E interaction 351
vitamin K interaction 357

colorectal adenomas 13, 40, 55
colorectal cancer

calcium and 40
folic acid and 133
garlic and 143
green tea and
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magnesium and 203
quercetin 273
vitamin A and 314
vitamin C and 333
vitamin D and 342
vitamin E and 348

common cold see cold, common
congestive heart failure (CHF) see heart failure, congestive
conjugated linoleic acid (CLA) 81
constipation 263, 265
ConsumerLab 371
copper 85

action 8
deficiency xii, 86
dietary intake guidelines 85, 366
dietary sources 86
iron interaction 87, 183
macular degeneration and 14
toxicity 87
vitamin C interaction 87, 336
vitamin E interaction 352
zinc interaction 87, 364

coronary heart disease (CHD)
antioxidants and 9
beta-carotene and 55
betaine and 21
carnitine 48
coenzyme Q 77
dehydroepiandrosterone and 95
fish oils 105
flavonoids 120
folic acid and 132
garlic 142
green tea and 172
magnesium and 199
vitamin B6 320
vitamin C and 333
vitamin E and 349
see also angina pectoris; myocardial infarction

corticosteroids
induced osteoporosis 40, 357
interactions 42, 250

cortisol, response to stress 241
Council for Responsible Nutrition (CRN) xiii 370
counselling, patient/client xvi
creatine 89
creatine phosphate 89
Crohn’s disease

fish oils 108
probiotics 256

cryptoxanthin 51
Cuban cane sugar 229
cyanocobalamin see vitamin B12
cyanogenic glycosides 126
cycloartanol 139
cycloartenol 139
cycloserine 322, 369
cyclosporin 250
cystathione beta synthase 132
cystic fibrosis 316
cystitis 34

daidzein 184
deep vein thrombosis (DVT) 269

definitions
dietary supplements x
human requirements xviii

dehydroascorbic acid 330
dehydroepiandrosterone (DHEA) 94
dehydroepiandrosterone-3-sulphate (DHEAS) 94
dementia

alpha-lipoic acid 6
choline 66
fish oils 110
ginkgo biloba 147
lecithin 197
melatonin 211, 212
phosphatidylserine 240
see also Alzheimer’s disease; cognitive function; memory

effects
dental caries 127
depression

chromium 73
dehydroepiandrosterone 95
fish oils 109
folic acid 134
phosphatidylserine 240
S-adenosyl methionine 285
vitamin B6 321

dermatitis see eczema
desferrioxamine 335
development, infant 110
developmental coordination disorder

(DCD) 111
DHA see docosahexaenoic acid
diabetes mellitus

aloe vera 1
alpha-lipoic acid 4
beta-carotene 56
carnitine 48
chitosan 61
chromium 72, 74
conjugated linoleic acid 82
dehydroepiandrosterone 96
fish oils 109
flavonoids 121, 122
flaxseed oil 125
folic acid 133, 135
ginseng 154
glucosamine 163
magnesium 202
manganese 207
niacin 225
octacosanol 230
psyllium 264, 265
pycnogenol 269
Spirulina 298
thiamine-dependent 303
vanadium 310
vitamin C 334, 335
vitamin D 342
vitamin E 350
see also anti-diabetic drugs; insulin

sensitivity
diabetic neuropathy

alpha-lipoic acid 5
carnitine 48
evening primrose oil 101
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diabetic neuropathy (cont.)
magnesium status and 202
vitamin B6 320
vitamin B12 327

diallyl disulphide 141
diarrhoea

antibiotic-associated 253
bromelain 34
Clostridium difficile 31, 252, 253
probiotics/prebiotics 252
psyllium 263
travellers’ 253

diet, healthy xvi
Dietary Reference Intakes (US) xix
Dietary Reference Values (DRVs) xi, xviii
dietary sources xx
Dietary Supplement Health Education Act (DSHEA) 1994

(US) x, xv
dietary supplements

classification xi
definitions x
evidence for efficacy x, xx
guidelines for use xvi
legal aspects xiii
reasons for using ix
sales ix, 18
uses xi

digoxin 156, 265, 343, 351
dihomogammalinolenic acid (DGLA) 99
dihydrotachysterol 339, 343
1, 25-dihydroxycholecalciferol (1, 25(OH)D3; calcitriol)

339, 340
interactions 343
osteoporosis prevention 342

24, 25-dihydroxycholecalciferol (24, 25(OH)2D3) 339, 340
dimethyl sulfoxide (DMSO) 215
dioxins 113
dipyridamole 113
disulfiram 335
2-dithiolane-3 pentatonic acid (alpha-lipoic acid) 4
2-dithiolane-3 valeric acid (alpha-lipoic acid) 4
diuretics 303

potassium-sparing 250, 367
see also loop diuretics; thiazide diuretics

docosahexaenoic acid (DHA)
in fish/fish oils 103, 114
see also fish oils; flaxseed oil

drug interactions 367
see also specific drugs

dry eye syndrome 101
dyslexia 111

EAR (Estimated Average Requirement) xviii
eczema

atopic 100, 255
evening primrose oil 100, 102

eicosanoids 105
eicosapentaenoic acid (EPA)

in fish/fish oils 103, 104, 114
metabolism 18
see also fish oils; flaxseed oil

elderly see older people
eleutherosides 152

Eleuthrococcus senticosus 152
endothelial dysfunction 121, 133, 142, 186
energy expenditure 81
enteral feeds xi
enterococci 253
enterodiol 124
enterolactone 124
enzymes xi

antioxidant 8
EPA see eicosapentaenoic acid
epicatechin 171, 268
epicatechin gallate 171
epidemiological studies xx
epigallocatechin gallate 171
epilepsy

carnitine 48
evening primrose oil and 101
melatonin 210
see also anticonvulsants

equol 184
erectile dysfunction 154
ergocalciferol (vitamin D2) 339
ergogenic aids

vanadium 310
see also exercise performance

Estimated Average Requirement (EAR) xviii
European Commission Directive, 2002/46/EC xiii
European Food Safety Authority (EFSA) xiv, 370
European Union (EU)

definition of food supplements x
dietary standards xix
law enforcement xv
legal status of dietary supplements xiii
web sites 370

evening primrose oil 99
evidence, for efficacy x, xx
exercise performance

bee pollen 19
branched-chain amino acids 28
carnitine 48
choline 66
coenzyme Q 78
creatine 89
gamma-oryzanol 139
ginseng and 155
magnesium 203
octacosanol 232
pantothenic acid 238

exercise stress
antioxidants and 14
phosphatidylserine and 241
vitamin C and 334

eye problems
fish oils 112
see also age-related macular degeneration; cataract

fatigue, chronic 48
FDA see Food and Drug Administration
ferulic acid 139
fibre, dietary 86, 263
fibromyalgia

Chlorella 63
S-adenosyl methionine 286
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fish body oil 103
fish liver oil 103
fish oils 103

action 18, 103
dietary sources 103, 104
see also docosahexaenoic acid; eicosapentaenoic acid

flavan-3-ols 118
flavin adenine dinucleotide (FAD) 279
flavin mononucleotide (FMN) 279
flavones 118
flavonoids 118

action 8, 118
dietary sources 119
supplements with 166, 171
see also isoflavones; proanthocyanidins; pycnogenol;

quercetin
flavonols 118
flavonones 118
flaxseed oil 124
fluoride 127

calcium interaction 42
dose 128

folate 129
deficiency xii, 129

folic acid 129
cardiovascular disease and 131
dietary reference values 130, 366
dietary sources 131
legal status 18
vitamin B12 interaction 328
zinc interaction 135, 364

food
legal status as xiii
sources xx

Food and Drug Administration (FDA) xv, 370
Food and Nutrition Board xix
Food Standards Agency 370
food supplements

definition x
regulation in Europe xiii
see also dietary supplements

formaldehyde 91
formononetin 186
free radicals 8
fructo-oligosaccharides 251
fruit and vegetables 9, 12

cancer prevention 53
carotenoids in 52
flavonoids in 119

furosemide 303, 304

galacto-oligosaccharides 251
gamma-linolenic acid (GLA) 18, 99
gamma-oryzanol 139
garlic 141
gastric cancer

antioxidants and 12
garlic and 143
green tea and
selenium and 290
vitamin A and 315
vitamin C and 333

gastritis, chronic 334

genistein 184, 186, 189
ginkgo biloba 146

fish oil interactions 114
plus ginseng 153

ginseng 152
interactions 114, 156

ginsenosides 152
glaucoma 5
glucocorticoids see corticosteroids
d-gluconodimethyl aminoacetic acid 235
glucosamine 159
glucose-6-phosphate dehydrogenase (G6PD) deficiency

335
glucose tolerance factor (GTF) 71
glutathione, reduced (GSH) 219, 285
glutathione peroxidase 8, 288
glycetin 184
glycosaminoglycans 68, 159, 294
gout 31, 334
government web sites 370
grape seed extract 166
green-lipped mussel 169
green tea extract 171
guarana 176
guidelines, supplement use xvi

hadori-kon 276
hand dermatitis 100
hay fever see seasonal allergic rhinitis
head and neck cancer 54, 220
Health and Nutrition Claims Regulation xiv
health claims xiv, xv
Health Food Manufacturers’ Association (HFMA) x, 370
health professionals, role of xvi
Health Supplement Information Service (HSIS) 371
healthy diet xvi
heart disease see coronary heart disease
heart failure, congestive (CHF)

carnitine 48
coenzyme Q 77
creatine 90
thiamine 303, 304

heart rate, fish oils and 104
Helicobacter pylori infection 256
herbal products x, xi
hesperidin 272
hip fractures

folic acid and 134
see also osteoporosis

histamine H2-receptor antagonists 327
HIV infection/AIDS

alpha-lipoic acid 5
carnitine 48
dehydroepiandrosterone 95
N-acetyl cysteine 220
thiamine 303
vitamin B12 327
zinc 363

homocysteine, plasma
betaine and 21
choline and 66
creatine and 90
elevated, cardiovascular risk 131
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homocysteine, plasma (cont.)
folic acid and 131, 132
riboflavin and 281
S-adenosyl methionine and 286
vitamin B6 and 320
vitamin B12 and 326

homocystinuria 21, 132
hormone replacement therapy (HRT) 369
hot flushes 188
Hu Zhang 276
human immunodeficiency virus see HIV
human papilloma virus (HPV) infected cervical lesions 173
Huntington’s chorea 78
hydralazine 322, 367
hydroxocobalamin 324
1-hydroxycholecalciferol (1(OH)D3) 339
25-hydroxycholecalciferol (25(OH)D3) 339, 340
5-hydroxytryptamine 28
hypercalcaemia 343
hypercarotenaemia 58
hypercholesterolaemia

copper 87
gamma-oryzanol 139
garlic 141
grape seed extract 166
green tea 172
lecithin 196
octacosanol 230
phytosterols 244
psyllium 263, 265
royal jelly 283
soya/isoflavones 185, 187
see also cholesterol, serum

hyperlipidaemia
aloe vera 1
carnitine 48
flaxseed oil 125
gamma-oryzanol 139
garlic 141
nicotinic acid/niacin 225
octacosanol 230
pantothenic acid 238
see also hypercholesterolaemia; lipids, serum

hypertension
alpha-lipoic acid 6
calcium 40
coenzyme Q 78
garlic 142
ginkgo biloba 149
ginseng 153
magnesium 201
melatonin 211
potassium intake 248
pycnogenol 269
vitamin C 333

hypokalaemia 248

immune effects
beta-carotene 56
conjugated linoleic acid 83
dehydroepiandrosterone 94
fish oils 104
probiotics/prebiotics 255

vitamin D 342
zinc 359

in vitro studies xx
infants

fluoride supplements 128
maternal intake of fish oils 110
probiotics 252, 255
vitamin D supplements 341
see also children

infertility 291, 363
inflammation

aloe vera 1
fish oils 104

inflammatory bowel disease
aloe vera 1
fish oils 108
see also Crohn’s disease; ulcerative colitis

influenza 155, 220
inositol 196
insect repellent, thiamine as 304
insomnia 209
Institute of Medicine (US) xix
insulin

alpha-lipoic acid and 6
chromium interactions 71, 72, 74
interactions 369
vitamin E and 351

insulin sensitivity
conjugated linoleic acid and 82
dehydroepiandrosterone and 96
folic acid and 133
magnesium and 202

insulin-like growth factor-1 (IGF-1) 94
intermittent claudication 147, 231
International Alliance of Dietary/Food Supplement

Associations 371
International Aloe Science Council (IASC) 2
International bibliographic information on dietary

supplements (IBIDS) 371
international standards/guidelines xv
intervention studies xx
intrinsic factor 324
iodine 177

dietary reference values 178, 366
dietary sources 178
in kelp 195

ipriflavone 188
iron 180

calcium interactions 42, 183
content of supplements 183
copper interactions 87
deficiency xi, 180
dietary reference values 181, 366
dietary sources 182
riboflavin interactions 282
in Spirulina 298
vitamin A interactions 316
vitamin C interactions 336
vitamin E interaction 352
zinc interaction 183, 364

irritable bowel syndrome (IBS)
probiotics/prebiotics 256
psyllium 264, 265
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ischaemic heart disease see coronary heart
disease

isoflavones 184
l-isoleucine 28
isoniazid 322, 369
ispaghula (psyllium) 263

Japanese knotweed 276
jet lag 208
joint disorders see arthritis; osteoarthritis; rheumatoid

arthritis
Joint Health Claims Initiative (JHCI) xiv, 372
journals 371

kelp 195
Keshan disease 288
kidney stones 42, 335
kojo-kon 276

labelling xiv, xv
laboratory studies xx
lactic acidosis 281
lactobacilli 251
lactose intolerance 254
lactulose 251
law enforcement xv
laxatives

interactions 42, 250, 367
psyllium 263

lecithin 65, 196
leg ulcers 362
legal aspects xiii
l-leucine 28
leukaemia 273
leukotrienes 99, 105
levodopa 183, 322, 368
lignans 124
linoleic acid 99

conjugated (CLA) 81
lipid-lowering drugs 226, 316, 327

see also colestipol; colestyramine;
statins

lipids, serum
fish oils and 103, 107
flaxseed oil and 124
gamma-oryzanol and 139
green tea and 172
octacosanol and 230
soya/isoflavones and 184, 186, 187
Spirulina and 298
see also cholesterol, serum; hypercholesterolaemia;

hyperlipidaemia
lipoic acid (alpha-lipoic acid) 4
liquid paraffin 367

vitamin A interaction 316
vitamin D interaction 343
vitamin E interaction 351
vitamin K interaction 357

lithium 265
liver disease

green tea extract 172
shark cartilage 294

local authorities, trading standards officers xv

Local Authorities Co-ordinators of Regulatory Services
(LACORS) xv

loop diuretics 204, 250
low-density lipoprotein (LDL) oxidation 166, 171, 186
Lower Reference Nutrient Intake (LRNI) xviii, xix
lung cancer

antioxidants and 12
carotenoids and 53
N-acetyl cysteine and 220
selenium and 289
vitamin A and 315
vitamin E and 349

lupus erythematosus, systemic see systemic lupus
erythematosus

lutein 51, 56
lycopene 12, 51, 57

macular degeneration, age-related (AMD) see age-related
macular degeneration

magnesium 199
action 8, 199
in autism 321
boron interactions 26
deficiency xii, 199
dietary reference values 200, 366
dietary sources 201

malabsorption 341, 347, 356
male fertility 291, 363
manganese 206

deficiency 207
dietary intake guidelines 366
dietary sources 206
iron interaction 183

mastalgia 100, 102
medicinal claims xiv
medicines, legal classification as xiii
Medicines Act, 1968 xiii
Medicines and Healthcare products Regulatory Agency

(MHRA) 370
Medline 371
megadoses xi
megaloblastic anaemia 324
melatonin 208
memory effects

bee pollen 19
choline 66
dehydroepiandrosterone 95
ginkgo biloba 146
ginseng 153
phosphatidylserine 240
vitamin B12 325
see also cognitive function; dementia

menadiol sodium phosphate 355
menadione 355
menaquinones 355
menhaden oil 113
Menke’s syndrome 86
menopausal symptoms 100

flaxseed oil 125
isoflavones 188
see also post-menopausal women

menstrual symptoms 41
mental disorders
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mental disorders (cont.)
fish oils 109
folic acid 134
see also depression; schizophrenia

meta-analyses xxi
metabolic syndrome, folic acid 133
metformin 327
methionine synthase 132
methotrexate 135
methyldopa 183, 327
methylene tetrahydrofolate reductase (MTHFR) 131, 132
methylsulfonylmethane (MSM) 215
mexiletine 335
migraine

coenzyme Q 78
magnesium 202
riboflavin 280

minerals xi
daily intake guidelines 366
legal status xiii
psyllium interactions 265

molybdenum 217
dietary intake guidelines 366

monoamine oxidase inhibitors (MAOIs) 31, 368
mood

dehydroepiandrosterone and 95
see also depression

mouth ulcers 304, 327
multiple sclerosis

fish oils 110
quercetin 273
vitamin B12 326

musculoskeletal injuries 33
mussel, green-lipped 169
myocardial infarction (MI)

antioxidants and 10
beta-carotene 55
carnitine 48
coenzyme Q 78
fish oils 105
fish oils and 104
flavonoids and 120
magnesium and 200
vitamin E and 349
see also coronary heart disease

n-3 fatty acids see omega-3 (n-3) fatty acids
n-6 fatty acids 124
N-acetyl cysteine (NAC) 11, 219
N-acetyl-d-glucosamine (NAG) 163
nails, brittle 24
naringin 272
National Diet and Nutrition Surveys xi
neomycin 316
neural tube defects (NTDs) 130, 135, 326
neurological conditions 110

see also multiple sclerosis; Parkinson’s disease
neuropsychiatric disorders 350
newborn babies, vitamin K 356
newsletters 371
niacin 223

deficiency 224
dietary reference values 224, 366

dietary sources 225
niacinamide 223
nickel 227

dietary intake guidelines 227, 366
nicotinamide 223, 226

adverse effects 226
dietary reference values 366
possible uses 225

nicotinamide adenine dinucleotide (NAD) 223
nicotinamide adenine dinucleotide diphosphate (NADP)

223
nicotinic acid 223, 225

adverse effects 226
dietary reference values 366
plus chromium 72

night blindness 314
nitric oxide 268
non-steroidal anti-inflammatory drugs (NSAIDs) 250
Nutrition Labelling and Education Act, 1990 (US) xv
nutritional deficiencies xi

obesity (and overweight)
betaine 21
calcium supplements 41
chitosan 61
chromium 73
conjugated linoleic acid 81
see also weight loss

observational studies xx
octacosanol 229
oesophageal cancer

antioxidants and 12
green tea and
selenium and 290
vitamin C and 333

oestrogens 135, 322, 369
see also oral contraceptives; phyto-estrogens

oils, natural xi
older people

calcium 42
creatine 90
dehydroepiandrosterone 95, 96
folic acid 134
ginkgo biloba 146
melatonin for insomnia 209
nutritional deficiencies xii
policosanol 231
thiamine 303
vitamin B12 325
vitamin D 341, 342, 344

oligomeric proanthocyanidin complexes (OPCs) 166
omega-3 (n-3) fatty acids 124

in flaxseed oil 124
in fish/fish oils 103, 104
in green-lipped mussel 169
see also fish oils; flaxseed oil

omega-6 (n-6) fatty acids 124
onions 119, 121
oral contraceptives 369

folic acid interactions 135
pantothenic acid interactions 238
riboflavin interactions 282
vitamin B12 interactions 327
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vitamin C interactions 335
vitamin E interactions 351
zinc interactions 363

oral hypoglycaemic agents 6, 74, 369
oral surgery 34
orlistat, side-effects 264
orthosilicic acid 296
osteoarthritis

boron 26
bromelain 33
chondroitin 68, 159, 161
glucosamine 159
methylsulfonylmethane 215
rutin 122
S-adenosyl methionine 285

osteocalcin 355
osteoporosis

boron 25
calcium 38, 42
corticosteroid-induced 40, 357
fish oils 112
fluoride 127
isoflavones 187
magnesium 203
probiotics/prebiotics 256
vitamin A-related 315
vitamin D 341, 344
vitamin K 356

overweight see obesity
oxalic acid 36, 335
oxidative stress 9

pain relief, pycnogenol 269
Panax species 152
pancreatic cancer 273
pangamic acid 235
pantothenic acid 236

dietary reference values 236, 366
dietary sources 237

para-amino benzoic acid (PABA) 239
paraffin, liquid see liquid paraffin
Parkinson’s disease

coenzyme Q 78
fish oils 110
octacosanol 231

Paullinia cupana 176
pellagra 224
penicillamine 87, 183, 322, 363, 369
pentahydroxyflavone see quercetin
periodontal disease 101, 334
peripheral neuropathy

vitamin B6 toxicity 321
see also diabetic neuropathy

peripheral vascular disease 143, 147, 231
Perna canaliculata 169
pernicious anaemia 135, 324
pharmacists

patient/client counselling xvi
role of xvi

phenobarbitone 351
phenols 8
phenothiazines 101, 282, 368
phenylketonuria 265

phenytoin 343, 351
phosphatidylcholine (lecithin) 65, 196
phosphatidylserine 240
phospholipids 240
phosphorus 340, 366
photoageing 173
phytates 36, 86, 180
phytoalexins 276
phyto-estrogens 124, 184, 187
phytomenadione 355
phytosterolaemia 245
phytosterols 139, 243
pineapple extract 33
pivampicillin 49
pivmecillanam 49
plasminogen activator inhibitor type 1 87
platelet aggregation

bromelain and 34
fish oils and 104
flaxseed oil and 124
ginkgo biloba and 146
grape seed extract and 167
green tea and 173
policosanol and 229
pycnogenol and 268, 269
resveratrol and 277
see also anti-platelet drugs; bleeding tendency, increased

Pneumocystis carinii prophylaxis 220
policosanol 229
pollen, bee 19
polychlorinated biphenyls (PCBs) 113
Polygonium cuspidatum 276
polyphenolic compounds 8, 118, 166, 276

see also flavonoids
polyunsaturated fatty acids (PUFAs)

in evening primrose oil 99
in fish oils 103
in flaxseed oil 124
vitamin E and 346, 352
see also conjugated linoleic acid

post-menopausal women
boron 25
calcium 39, 42
evening primrose oil 101
flaxseed oil 125
ginkgo biloba 147
isoflavones 187
policosanol 231
probiotics/prebiotics 255
soya/isoflavones 185, 186, 188, 190
vitamin D 342
vitamin K 356
see also menopausal symptoms

potassium 248
deficiency 248
dietary reference values 248
dietary sources 249

potassium chloride 327
prebiotics 251
pre-eclampsia

antioxidants and 14
calcium and 41
vitamin C and 334
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pregnancy
calcium 42
fish oil 110
folic acid 130, 135
iron 182
magnesium 203
vitamin A 315
vitamin B6 321
vitamin C 334
vitamin D 341

premature infants, vitamin E deficiency 347
pre-menopausal women

calcium 39
soya proteins 185

premenstrual syndrome (PMS)
calcium 41
evening primrose oil 100, 102
magnesium 202
vitamin A 315
vitamin B6 320

pre-pregnancy period, folic acid 130, 135
primidone 343
proanthocyanidins 118, 166
probenecid 282
probiotics 251
procyanidins 268
Proprietary Association of Great Britain (PAGB)

x, 371
prospective studies xx
prostaglandins 99, 105
prostate cancer 41

antioxidants 13
flaxseed oil and 125
lycopene 57
quercetin 273
selenium and 289, 290
vitamin A and 314
vitamin D and 342
vitamin E and 349

prostatic hyperplasia, benign 19
prostatitis 19, 122
proton-pump inhibitors 327
psoriasis

aloe vera 1
fish oils 108

psychiatric disorders see mental disorders
psychological stress 241, 334
psyllium 263
pteroylglutamic acid see folic acid
PUFAs see polyunsaturated fatty acids
pulmonary fibrosis, idiopathic 220
pycnogenol 268
pyridoxal phosphate 318
pyridoxamine phosphate 318
pyridoxine 318

see also vitamin B6
pyrimethamine 135

Quackwatch 372
quality of life, ginseng and 155
quercetin 118, 122, 272
4-quinolones 42, 183, 204, 369
quinones 8

randomised controlled trial (RCT) xx
Recommended Daily Amounts (RDAs) xviii
Recommended Dietary Allowances (RDAs) xi, xix

guiding recommendations xvi
intakes exceeding xii
labelling xiv

red clover supplements 186, 189
red wine 119, 276, 277
Reference Nutrient Intake (RNI) xviii, xix
renal disease, fish oils 111
reproductive function, zinc 359
respiratory conditions

N-acetyl cysteine 219
vitamin C 332

respiratory syncytial virus (RSV) 155
respiratory tract infections 155, 257

see also cold, common; influenza
resveratrol 276
retinal 312
retinoic acid 312
retinoids 312, 316
retinol see vitamin A
retinol-binding protein 359
retinyl esters 312
retrospective studies xx
rheumatoid arthritis

bromelain 33
evening primrose oil 101
fish oils 107
flaxseed oil 125
green-lipped mussel 169
manganese 207
pantothenic acid
selenium 291

riboflavin (vitamin B2) 279
boron interaction 26
deficiency xi, 279
dietary reference values 280, 366
dietary sources 281

rifampicin 369
RNI (Reference Nutrient Intake) xviii
rotavirus infections 252
royal jelly 283
Royal Pharmaceutical Society of Great Britain, Code of

Ethics xvii
rutin 118, 122, 272

Saccharomyces boulardii 252, 254
Saccharomyces cerevisiae see brewer’s yeast
S-adenosyl methionine (SAMe) 285
Safe Intake xviii, xix
sales, dietary supplements ix, 18
saponins 152
schizophrenia

dehydroepiandrosterone 95
fish oils 109
gamma-oryzanol 139
quercetin 273
vitamin C 334

scurvy 331
seasonal allergic rhinitis (hay fever) 167, 216, 283
seaweed 195
selenium 288
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antioxidant activity 8, 173
cancer prevention 12
cardiovascular disease and 10, 289, 291
deficiency 288
dietary intake guidelines 289, 366
dietary sources 290

serotonin 28
sexual dysfunction

ginseng 154
pycnogenol 269

shark cartilage 294
silica 296
silicon 296
silicosis 297
sinusitis 33
sister chromatid exchange (SCE) 172
sitostanol 243
sitosterol 243
skin, vitamin D synthesis 339
skin cancer 54, 290
skin disorders

evening primrose oil 100
vitamin A deficiency 314
see also eczema; psoriasis

SLE see systemic lupus erythematosus
sleep disorders 209, 326
slimming aids see weight loss
smokers

antioxidants 12, 53
grape seed extract 166
thiamine 303
vitamin C 334
vitamin E 349

soya beans/products 184, 190
sphingomyelin 65
sphyrnastatin 1 and 2 294
Spirulina 298
sports performance see exercise performance
stanols, plant see phytosterols
starflower oil 99
statins

coenzyme Q interactions 79
phytosterol interactions 245
psyllium interactions 265
vitamin interactions 316

sterols, plant see phytosterols
stigmasterol 139, 243
stomach cancer see gastric cancer
Streptococcus thermophilus 253
stress

exercise see exercise stress
physical 241
psychological 241, 334

stroke
antioxidants and 11
fish oils and 107
flavonoids and 120
folic acid and 133
ginkgo biloba 149

sucralfate 316, 343, 351, 357
sudden infant death syndrome (SIDS) 24
sulphasalazine 135, 367
sulphite oxidase 217

sulphonamides 239
sulphur, organic 215
sunscreens 239, 340
superoxide dismutase (SOD) 8, 300

supplements 300
surgical procedures 34
systematic reviews xxi
systemic lupus erythematosus (SLE)

dehydroepiandrosterone 95
fish oils 112
flaxseed oil 125

tamoxifen 42
tangeritin 272
tardive dyskinesia 66, 350
taxifolin 268
tea

flavonoids 120, 121
fluoride 127
green

terpenoids 146
tetracyclines 369

calcium interactions 42
iron interactions 183
magnesium interactions 204
vitamin C interactions 335
zinc interactions 363

theophylline 320, 322
thiamine 301

deficiency xii, 302
dietary reference values 302, 366
dietary sources 303

thiamine pyrophosphate (TTP) 301
thiamine-responsive megaloblastic anaemia syndrome

(TRMA) 303
thiazide diuretics 367

calcium interaction 42
magnesium interaction 204
potassium interaction 250
vitamin D interaction 343

thioctic acid (alpha-lipoic acid) 4
thrombosis

deep vein (DVT) 269
fish oils and 104
see also platelet aggregation

thromboxanes 99, 105
thyroid disease 178, 195
thyroid medication 178, 369
tiger cane 276
tin 307
tinnitus 148, 211
tocopherol see vitamin E
Tolerable Upper Intake Levels (UL) xix
tomatoes 57, 119
trace elements, antioxidant 8
trademarks xiv
tranquillisers 156
travellers’ diarrhoea 253
tricyclic antidepressants 282
trientine 87, 183
trimethoprim 135, 369
tryptophan 28, 223
twin pregnancy 131
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ubiquinone see coenzyme Q
UL (Tolerable Upper Intake Levels) xix
ulcerative colitis

bromelain 34
fish oil 108
probiotics/prebiotics 256
psyllium 264

ulcers 122, 362
United Kingdom (UK)

definition of dietary supplements x
diet and nutrition surveys xi
Dietary Reference Values (DRVs) xviii
government web sites 370
herbal products x
law enforcement xv
legal status of dietary supplements xiii

United States (USA)
definition of dietary supplements x
Dietary Reference Intakes xix
government web sites 370
law enforcement xv
legal status of dietary supplements xv

vaginal infections 254
l-valine 28
vanadium 309, 366
vegans

iodine 177
vitamin B12 325
vitamin D 343

vegetarians
omega-3 fatty acids 124
phytosterol intake 243
vitamin B12 325
vitamin D 343

venous insufficiency 166, 269
vitamin A 312

cancer prevention 13, 314
carotenoid equivalents 51
deficiency xi, 313
dietary reference values 313, 366
dietary sources 314
in fish oils 103, 113
legal status 18
precursors see beta-carotene; carotenoids
teratogenicity 315
toxicity 315
vitamin interactions 316, 336, 352,

357
in zinc deficiency 359

vitamin B complex
brewer’s yeast 31
folic acid and 135
interactions 238, 282, 305, 322
in Spirulina 298
see also specific vitamins

vitamin B1 see thiamine
vitamin B2 see riboflavin
vitamin B6 318

cardiovascular disease 132, 320
deficiency 318
dietary reference values 319, 366
dietary sources 320
vitamin C interactions 322, 336

vitamin B12 (cyanocobalamin) 324
cardiovascular disease 132, 326
deficiency xii, 324, 328
dietary reference values 325, 366
dietary sources 326
legal status 18
vitamin C interaction 328, 336

vitamin B15 235
vitamin BT (carnitine) 47
vitamin C 330

antioxidant activity 8, 330
cancer prevention 13, 333
cardiovascular disease and 9
cataract and 13
copper interaction 87, 336
deficiency xi, 331
dietary reference values 331, 332, 366
macular degeneration and 14
vitamin A interaction 316, 336
vitamin B6 interaction 322, 336
vitamin B12 interaction 328, 336
vitamin E interaction 336, 352

vitamin D 339
calcium and 36, 42, 340, 343
deficiency xii, 341
dietary reference values 339, 366
dietary sources 340
in fish oils 103, 113
legal status 18
toxicity 343

vitamin E (alpha-tocopherol) 346
antioxidant activity 8, 346
cancer and 12, 348
cardiovascular disease and 9, 349
cataract and 13, 350
deficiency 347
dietary reference values 347, 366
dietary sources 348
fish oil interactions 113
in fish oils 103
iron interaction 183, 352
macular degeneration and 14
phytosterol interactions 245
vitamin interactions 316, 336, 352, 357

vitamin H see biotin
vitamin K 355

deficiency 356
dietary reference values 356, 366
dietary sources 356
vitamin interactions 316, 352, 357

vitamins xi
antioxidant 8
daily intake guidelines 366
legal status xiii, 18
psyllium interactions 265
uses xi

warfarin 79, 156, 265
see also anticoagulants

water, fluoridated 127, 128
websites, useful 370
weight

gain, creatine-induced 91
maintenance, green tea 173
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weight loss (slimming aids) xi
chitosan 61
conjugated linoleic acid 81
grape seed extract 167
kelp 195
see also obesity

Wernicke–Korsakoff syndrome 302, 305
Wilson’s disease 87
wine, red 119, 276, 277
women

calcium supplements 39
dehydroepiandrosterone side effects 96
nutrient intakes xii
see also post-menopausal women; pre-menopausal

women
wound healing

aloe vera 1
bromelain 33
vitamin C 334
zinc 362

xanthine oxidase/dehydrogenase 217
xerophthalmia 314

yeasts
brewer’s 31, 72
probiotic 251

yoghurt 251, 254, 255
young adults

ginkgo biloba 147
nutrient intakes xii

zeaxanthin 51, 56
zinc 359

calcium interactions 42,
362

copper interactions 87, 364
deficiency xi, 362
dietary reference values 360,

366
dietary sources 361
folic acid interactions 135, 364
iron interactions 183, 364
macular degeneration and 14,

363
vitamin E interaction 352

zinc finger proteins 359
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