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Preface

The development of Medical Nutrition & Disease began in 1990 as a self-instructional, case-based
textbook for medical students and was first published by Wiley-Blackwell in 1995. The 5th edition
now includes 13 chapters and 26 cases, all of which continue to be co-written by a multidisciplinary
team of registered dietitians and physicians. Medical students and medical residents have also been
invited to contribute to several 5th edition chapters and cases, offering an opportunity to educate
these trainees about nutrition and target our audience. This new edition also recognizes the increas-
ingly important role of team-based care and interprofessional education. During the development
of the 5th edition, the Interprofessional Education Collaborative (IPEC) was formed which aims
to promote and encourage interprofessional learning experiences to better prepare future clinicians
for team-based care of patients. The national organizations included in the IPEC are the Associa-
tion of American Medical Colleges, American Association of Colleges of Nursing, American
Association of Colleges of Osteopathic Medicine, American Association of Colleges of Pharmacy,
American Dental Education Association, and the Association of Schools of Public Health. These
groups represent higher education in allopathic and osteopathic medicine, dentistry, nursing,
pharmacy, and public health and have created core competencies for interprofessional collaborative
practice that can guide curricula development at all health professions schools. Medical Nutrition
& Disease is designed so that medical, physician assistant, dietetic, nursing, public health, and
pharmacy students and practitioners can enhance their nutrition knowledge, skills, and attitudes
to provide effective counseling to patients with or at risk for a variety of chronic conditions -
essentially the ideal text for interprofessional learning.

Over the past 20 years, the role of a healthy lifestyle in preventing and treating the most common
chronic diseases, such as obesity, cancer, heart disease, hypertension, and diabetes continues to
mount. Each chapter and case is based on strong scientific evidence supporting nutrition and
physical activity interventions and provides practical advice on how to counsel patients to make
positive behavior and lifestyle changes. All cases include “before and after” diets and over 50 refer-
ences are included at the end of each chapter. The 5th edition also includes six new cases, covering
emerging nutrition issues for macular degeneration, menopause, celiac disease, polycystic ovarian
syndrome, colon cancer, and lead poisoning in children.

Registered dietitians and dietetic technicians can earn 48 pre-approved continuing education
credits from the Academy of Nutrition and Dietetics by successfully completing the multiple choice
questions included in the book. There are no additional fees and all forms and directions are
inserted inside the back cover.

Lisa Hark, PhD, RD

Darwin Deen, MD, MS

Gail Morrison, MD

For more information on how to successfully incorporate nutrition into your curriculum or clinical
practice, contact:

Lisa Hark, PhD, RD

Director, Department of Research

Wills Eye Hospital

840 Walnut Street, Suite 1530

Philadelphia, PA. 19107-5109

610-659-1834

hark@LisaHark.com

www.LisaHark.com
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41 Overview of Nutrition Assessment in
Clinical Care

Lisa Hark', Darwin Deen’, and Alix J. Pruzansky’
! Jefferson Medical College, Philadelphia, PA

2 City College of New York, New York, NY

3 The Permanente Medical Group, Oakland, CA

OBJECTIVES

e Recognize the value of nutrition assessment in the comprehensive care of ambulatory and
hospitalized patients.

e Obtain an appropriate patient history, including medical, family, social, nutrition/dietary, physical
activity, and weight histories; use of prescription and over-the-counter medicines, dietary and herbal
supplements; and consumption of alcohol and other recreational drugs.

e Demonstrate how to interpret physical findings that reflect nutritional status, including body mass
index, waist circumference, growth and development, and signs of nutritional deficiency.

e Describe the diagnosis, prevalence, health consequences, and etiology of obesity and malnutrition.
e |dentify the most common physical findings associated with vitamin/mineral deficiencies or excesses.
e List the laboratory measurements commonly used to assess the nutritional status of patients.

Source: Objectives for chapter and cases adapted from the NIH Nutrition Curriculum Guide for Training Physicians.
(www.nhlbi.nih.gov/funding/training/naa)

Nutrition Assessment in Clinical Care

Nutrition assessment is the evaluation of an individual’s nutritional status based on the interpreta-
tion of clinical information. Nutrition assessment is important because obesity and malnutrition
are common in the clinical setting. The purpose of nutrition assessment is to:

o accurately evaluate an individual’s dietary intake and nutritional status,

o determine if medical nutrition therapy and/or counseling is needed,

 monitor changes in nutritional status, and

o evaluate the effectiveness of nutritional interventions.

Accurate nutritional assessment leads to correct diagnosis and treatment. Many patients can
benefit from medical nutrition therapy (MNT) using established evidence-based protocols.

Integrating Nutrition into the Medical History and Physical
Examination

The following illustrates how nutrition can be integrated into all components of the clinical assess-
ment, including the medical history, diet history, review of systems, physical examination, labora-
tory data, and treatment plan.

Medical Nutrition & Disease: A Case-Based Approach, Fifth Edition. Edited by Lisa Hark, Darwin Deen,
and Gail Morrison.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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Medical History

Past Medical History

Standard past medical history including immunizations, hospitalizations, surgeries, major injuries,
chronic illnesses, and significant acute illnesses may have nutritional implications. Detailed infor-
mation should be obtained about current or recent medication use including vitamins, minerals,
laxatives, topical medications, over-the-counter medications, and products such as nutritional or
herbal supplements which patients frequently fail to report as medications. Nutritional supple-
ments include any products that may alter caloric, vitamin, or protein intake. Whether the patient
has any known food allergies (i.e., peanut, gluten) or suffers from lactose (milk) intolerance is also
important.

Family History

In assessing risk for future diseases, patients are asked to identify their parents, siblings, children,
and partner, give their respective ages and health status, and indicate familial occurrences of disease
or cause of death of any deceased family members. Family history of diabetes, cancer, heart disease,
thyroid disease, obesity, hypertension, osteoporosis, food allergies, eating disorders, or alcoholism
should be ascertained. Food sensitivity may be based on inherited immune system characteristics
and family history of food intolerance should be assessed.

Social History

The diet history is typically obtained as part of the patients’ social history because socioeconomic
factors such as who the patient lives with and what resources they have available influence food
selection and preparation. Pertinent non-medical information recorded in the social history
includes the patient’s occupation, daily exercise pattern, and marital and family status. Information
should be solicited regarding the patient’s education, economic status, residence, emotional
response and adjustment to illness, and any other information that might influence the patient’s
understanding of his or her illness and adherence to a nutritional therapy. Details concerning the
duration and frequency of the patient’s use of substances such as alcohol, tobacco, illicit drugs, and
caffeine are also documented. These data can be extremely useful when formulating the treatment
plan. Economic limitations that influence access to an adequate diet, difficulties shopping for or
preparing food, participation in feeding programs (e.g. Women, Infants, and Children (WIC),
Meals on Wheels) are relevant aspects of the nutritional assessment.

The Importance of Taking a Diet History

The purpose of obtaining dietary information from patients is to assess their nutritional intake and
establish a baseline from which to negotiate changes. Infants, children, adolescents, pregnant
women, older adults, and patients with a family history of or who have diabetes, hypertension,
heart disease, hyperlipidemia, obesity, eating disorders, alcoholism, osteoporosis, gastrointestinal
or renal disease, cancer, or weight loss or gain should consistently be asked about their eating habits,
even during routine visits. Relative strengths for each method of collecting dietary information are
described in this section. In addition, patients’ past and/or current dietary patterns, such as vegetar-
ian or kosher diet practices, cultural background, and social situations should be considered during
the interview. Family members who purchase and prepare foods should be invited for the interview
process whenever possible. Diet-related questions may take a few minutes, if properly directed (See
Table 1-1). Registered dietitians typically collect more detailed information from a diet history and
make this information available to the physician, nurse practitioner, or physician assistant. This
history may include information on food preferences, portion sizes, frequency of eating out, and
emotional responses to eating. The detailed intake information can be used to determine calories,
fat, protein, sodium, and fiber intake along with adequacy of vitamin and mineral intake can serve
as a basis for counseling.
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Table 1-1 Key Diet History Questions for Brief Intervention

Questions for All Patients

e How many meals and snacks do you eat every day?

e Do you feel that you eat a healthy balanced diet? Why or why not?

e What do you like to drink during the day, including alcohol? How many glasses?
e How often do you eat fruits and vegetables?

e How often do you eat dairy products? Low-fat or regular type?

e How often do you eat out? What kinds of restaurants?

e Do you usually finish what is on your plate or leave food?

e How often do you exercise, including walking?

In addition to the questions above:

Questions for Patients with Hyperlipidemia (Chapter 6)

e How often do you eat fatty meats? (hot dogs, bacon, sausage, salami, pastrami, corned beef)
e How often do you eat fish? How is it prepared?

e \What types of fats do you use in cooking and baking?

e \What do you spread on your bread?

e What type of snacks and desserts do you eat?

Questions for Patients with Hypertension (Chapter 6)

e Do you use a salt shaker at the table or in cooking?

¢ Do you read food labels for sodium content? (<400 mg/serving permitted)
e How often do you eat canned, smoked, frozen, or processed foods?

Questions for Patients with Diabetes (Chapter 8)

e \What times do you take your diabetes medication (including insulin)?

e What times do you eat your meals and snacks?

e Do you ever skip meals during the day?

e How many servings of starchy foods such as breads, cereals, rice, pastas, corn, peas, or beans do you eat
during a typical day?

Source: Lisa A. Hark, PhD, RD. 2014. Used with permission.

24-Hour Recall

Purpose This informal, qualitative, questioning method elicits all foods and beverages the patient
has consumed in the preceding 24 hours. This method is recommended for follow-up visits for
patients with diabetes because of the ability to assess the timing of meals, snacks, and insulin
injections.

Questions “Starting with the last thing you ate please describe everything that you ate or drank
within the past 24 hours (meals and snacks), including quantities, and how you prepared these
foods” Family members are usually consulted if the patient is a child or unable to convey adequate
detail. Patients can be asked to write down what they ate the day before while they are waiting to
be seen. Hospitalized patients can be monitored through calorie counts reported by the nursing or
dietary staff, who can record the daily amounts of food and drink the patient consumes. Keep in
mind that the 24-hour recall method, when used alone, may underestimate or overestimate a
person’s usual caloric intake because the patient’s recollection may not reflect long-term dietary
habits. It may be helpful to add the question, “Is this fairly typical or was there something unusual
about yesterday?” Use caution generalizing this information.

Usual Intake/Diet History

Purpose Similar to the 24-hour recall, a usual intake/diet history is a retrospective method to
obtain dietary information by asking the patient to recall his or her normal daily intake pattern,
including amounts of foods consumed. This method is suggested for older adults who may
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frequently skip meals, or for interviewing pediatric patients whose diets may not be varied. This
approach provides more information about usual intake patterns than others and tends to reflect
long-term dietary habits with greater accuracy.

Questions “Please tell me what you usually eat and drink during the day for meals and snacks?”
As a busy clinician, this question may be all that you will have time to ask, but it can serve as a
screening mechanism to identify patients who need further screening with a registered dietitian.
When using this approach it is important to be flexible. Begin by asking patients to describe their
usual intake and if they cannot recall their usual diet, ask what they ate and drank the day before
(a switch to the 24-hour recall method). You can then ask if these 24 hours are typical. Also bear
in mind that some patients tend to report having eaten only those foods that they know are healthy.
It is also important to ask patients if they have changed their diet for health reasons or because of
a health professional’s advice.

Food Frequency Questionnaire
Purpose The food frequency questionnaire is another retrospective approach used to determine
trends in a patient’s usual consumption of specific foods.

Questions Patients are usually asked several key questions regarding the frequency of intake of
particular foods. Frequencies have been created to identify daily, weekly, or monthly consumption
patterns and are especially good for specific nutrients (e.g., fiber, iron, or saturated fat). Patients
can be asked these questions during the history, or these items can be added to the written form
for new patients that can be mailed to them prior to their visit or completed while they are in the
waiting room. For the clinician, questions can be geared toward the patient’s existing medical
conditions, which is why this method is effective for patients with diabetes, heart disease, hyperten-
sion, or osteoporosis and can be used for evaluating current intake of, for example, fruits, vegeta-
bles, dairy products, or processed foods.

Three-Day Food Record

Purpose Unlike the retrospective tools mentioned earlier, a food record is ideally completed pro-
spectively and daily as patients consume their usual diet and reviewed by the clinician at the
medical visit. More accurate results can be obtained by collecting data over a longer period (e.g.,
7 days).

Questions Patients are asked to record information on meals, food items, quantity consumed,
preparation methods, etc., and details such as activities while eating, mood, hunger level, etc., can
also collected. This method is preferred for active patients who may be trying to adhere to a new
dietary regimen (e.g., a weight loss diet). Three-day records are the most accurate reflection of
patients’ diets but it is difficult for most patients to keep a written log, including portion sizes, of
everthing they ate and drank over three days.

Review of Systems

This subjective reexamination of the patient’s history is organized by body systems. It differs from
the past medical history by concentrating on symptoms, not diagnoses, and by emphasizing current
more than past information. All positive and negative findings are listed. Nutrition questions vary
according to the patient’s age. One goal of this part of the history is to determine whether any
dietary changes have occurred in the patient’s life, either voluntarily or as a consequence of illness,
medication use, or psychological problems. Examples within the review of systems that may have
nutritional implications (and their potential significance) include weakness and fatigue (anemia),
clothes tighter or looser (weight gain or weight loss), post-meal cramping or diarrhea (lactose
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intolerance), chronic headaches, fatigue, gastrointestinal symptoms (gluten sensitivity), constipa-
tion (low fluid or fiber intake), amenorrhea (anorexia nervosa), or changes in appetite.

Physical Examination

The physical examination begins with the patient’s vital signs (blood pressure, heart rate, respiration
rate, temperature), height, weight, body mass index (BMI), and general appearance. For example,
“On examination, she is a well-developed, athletic woman” When terms such as obese, overweight,
undernourished, thin, well-nourished, well-developed, or cachectic (profound, marked state of ill
health and malnutrition) are used, they should be supported by findings in the physical examina-
tion and noted in the problem list.

Body Mass Index (BMI)
To calculate BMI using the metric system:

BMI — weight (kg)
height (m?)

To calculate BMI using English units:

BMI— weight (Ibs) "

height (in?)

Body mass index provides a more accurate measure of total body fat (adiposity) than body
weight alone. The BMI is also more accurate than the older height-weight tables, which were based
on a homogeneous population, primarily Caucasian, with higher than average socioeconomic
status. BMI has also been shown to more estimate obesity than bioelectrical impedance tests. BMI
values associated with the lowest mortality increase slightly as people age. However, BMI may
overestimate body fat in very muscular people and underestimate body fat in some underweight
people who have lost lean tissue, such as the elderly. Classifications of underweight, normal weight,
overweight, and obesity are shown in Table 1-2. Health professionals should routinely assess height,
weight, and BMI, and evaluate growth and development in infants, children, and adolescents.

Diagnosis and Assessment of Overweight and Obesity

Body Mass Index (BMI)

According to the National Heart Lung and Blood Institute’s (NHLBI) Clinical Guidelines, many
people with a BMI of 25kg/m’ or greater begin to experience negative health effects, such as ele-
vated low-density lipoprotein cholesterol (LDL-C) and total cholesterol levels, high blood pressure,
and glucose intolerance. These guidelines define overweight individuals as those with a BMI of 25

Table 1-2 Classifications of BMI

Underweight <18.5kg/m?
Normal weight 18.5-24.9kg/m?
Overweight 25-29.9kg/m?
Obesity (Class 1) 30-34.9kg/m?
Obesity (Class 2) 35-39.9kg/m?
Extreme obesity (Class 3) >40kg/m?

Source: National Heart, Lung, and Blood Institute, NIH. Clinical Guidelines on the
Identification, Evaluation, and Treatment of Overweight and Obesity in Adults. 1998.
Used with permission.
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t0 29.9 kg/m® and obese individuals as those with a BMI of 30 kg/m* and above. The NHLBI Clinical
Guidelines classify BMI as shown in Table 1-2. BMI values can be determined from height and
weight measurements as shown in Figure 1-1.

Waist Circumference

Waist circumference is an independent measure of risk in normal weight and overweight individu-
als. Excess fat located in the abdominal area (termed visceral adipose tissue) is reflected by waist
circumference measurement. Waist circumference is a predictor of morbidity, and is considered an
independent risk factor for diabetes, dyslipidemia, hypertension, and cardiovascular disease when
BMI is not markedly increased. In patients with a BMI greater than 35kg/m? there is little addi-
tional risk from elevated waist circumference, as severe risk is already present. Therefore, measuring
waist circumference is recommended in patients with a BMI less than 35kg/m>. The waist circum-
ference measurement is particularly important for patients with a family history of diabetes and
those who may be borderline overweight.

In order to obtain an accurate waist circumference measurement, patients should be standing
in only their underwear. A horizontal mark should be drawn just above the uppermost lateral
border of the right iliac crest, which should then be crossed with a vertical mark in the midaxillary
line. The measuring tape is placed in a horizontal plane around the abdomen at the level of this
mark on the right side of the trunk. The plane of the tape should be parallel to the floor and the
tape should be snug but not tight. Patients should be advised to breathe normally while the meas-
urement is taken. Waist circumference values greater than 102 cm (40 inches) in men and greater
than 88 cm (35 inches) in women are considered indicators of increased risk, although these values
may differ for different ethnic groups. Waist circumference is one of the diagnostic criteria of
metabolic syndrome (Chapter 1: Case 1). In patients trying to lose weight by exercising, waist
circumference may decrease without significant weight loss.

Percent Weight Change

Weight loss is very common in hospitalized patients and those residing in chronic care facilities.
Weight loss is also frequently seen in older adults or those with decreased changes due to chronic
illnesses such as cancer, gastrointestinal problems, or secondary to surgery, chemotherapy, or radia-
tion therapy. If weight loss is identified in the medical history or review of systems, it is essential
to take a diet and weight history and determine the percent weight change over that period of time
using the patient’s current body weight and usual weight. Severity of weight loss is defined by
percent change in a defined period of time (Table 1-3).

Usual Weight — Current Weight o
Usual Weight

100

Percent weight change =

Physical Examination Findings

Nutrition-oriented aspects of the physical examination focus on the skin, hair, eyes, mouth, nails,
extremities, abdomen, skeletal muscle, and fat stores. Areas to examine closely for muscle wasting
include the temporalis muscles, thenar, hypothenar, and interosseous muscles on the hands. The
skeletal muscles of the extremities are a less sensitive indicator of malnutrition. Subcutaneous fat
stores should be examined for losses due to a sudden decrease in weight or for excess accumulation
in obesity. Isolated vitamin deficiencies such as scurvy or pellagra are rarely seen in modern clinical
practice. At the present time, the most commonly encountered nutritional problem seen in clinical
practices in the United States and many developed countries is obesity and its associated complica-
tions. Specific clinical signs that are attributable to nutrient deficiencies and significance on physical
examination are shown in Table 1-4. Combined nutrient deficiencies are still seen in those with
disordered intake such as alcoholics or patients receiving chemotherapy.
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Table 1-3 Interpretation of Percent Weight Change

Time Significant Weight Loss Severe Weight Loss
1 week 1-2% >2%

1 month 5% >5%

3 months 7.5% >7.5%

6 months 10% >10%

1 year 20% >20%

Table 1-4 Physical

Examination Findings with Nutritional Implications

Exam

Nutritional implications

Vital signs
General
Skin

Hair
Head

Eyes

Mouth

Neck
Thorax
Abdomen
Cardiac

Genital/urinary

Extremities

Blood pressure, height, weight, BMI, percent weight change
Wiasted, cachectic, overweight, obese, muscle weakness, anorexic, waist circumference

Acanthosis nigricans (obesity, metabolic syndrome, insulin resistance, diabetes)
Ecchymosis (vitamin K, C deficiency)

Dermatitis (marasmus, niacin, riboflavin, zinc, biotin, EFA deficiency)

Follicular hyperkeratosis (vitamin A deficiency)

Petechiae (vitamin A, C, K deficiency)

Pigmentation changes (niacin deficiency, marasmus)

Pressure ulcers/delayed wound healing (kwashiorkor, diabetes, vitamin C, zinc deficiency)
Psoriasiform rash, eczematous scaling (zinc deficiency)

Purpura (vitamin C, K deficiency)

Scrotal dermatosis (riboflavin deficiency)

Pallor (iron, folic acid, vitamin B,,, copper, vitamin e deficiency)

Thickening and dryness of skin (linoleic acid deficiency)

Dyspigmentation, easy pluckability (protein), alopecia (zinc, biotin deficiency)

Temporal muscle wasting (marasmus and cachexia)
Delayed closure of fontanelle (pediatric undernutrition or growth retardation)

Night blindness, xerosis, bitot spots, keratomalacia (vitamin A deficiency)
Photophobia, blurring, conjunctival inflammation, corneal vascularization (riboflavin deficiency),
macular degeneration

Angular stomatitis (riboflavin, iron deficiency)

Bleeding gums (vitamin C, K, riboflavin deficiency)

Cheilosis (riboflavin, niacin, vitamin Be deficiency)

Dental caries (fluoride deficiency)

Hypogeusia (zinc, vitamin A deficiency)

Glossitis (riboflavin, niacin, folic acid, vitamin By,, vitamin By deficiency)
Nasolabial seborrhea (vitamin By deficiency)

Papillary atrophy or smooth tongue (riboflavin, niacin, iron deficiency)
Fissuring, scarlet or raw tongue (niacin, folate, B;,, Bs deficiency)

Goiter (iodine deficiency)

Parotid enlargement (marasmus, bulimia)

Thoracic achitic rosary (vitamin D deficiency)

Abdominal obesity (metabolic syndrome, diabetes, heart disease)
Diarrhea (niacin, folate, vitamin B, deficiency, marasmus)
Hepatomegaly/ascites (kwashiorkor, alcoholism)

Heart failure (thiamin, selenium deficiency, anemia)

Delayed puberty (marasmus, eating disorder, celiac disease)
Hypogonadism (zinc deficiency)

Ataxia (vitamin B,, deficiency, vitamin B toxicity)

Bone ache, joint pain (vitamin C deficiency)

Bone tenderness, kyphosis (vitamin D deficiency)
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Table 1-4 (Continued)

Exam Nutritional implications

Edema (thiamin or protein deficiency)

Growth retardation, failure to thrive (energy deficiency)

Hyporeflexia (thiamin deficiency)

Bone tenderness, kyphosis (calcium, vitamin D deficiency)

Muscle wasting and weakness (vitamin D, magnesium deficiency, marasmus)
Tenderness at end of long bones (vitamin D deficiency)

Squaring of shoulders—loss of deltoid muscles (kwashiorkor)

Nails Spooning (koilonychias) (iron deficiency)
Transverse lines (kwashiorkor, hypochacemia)

Neurological Dementia, delirium, disorientation (niacin, thiamin, vitamin E deficiency)
Loss of reflexes, wrist drop, foot drop (thiamin deficiency)
Ophthalmoplegia (vitamin E, thiamin deficiency)
Peripheral neuropathy (thiamin, vitamin E, vitamin B, deficiency)
Tetany (vitamin D, calcium, magnesium deficiency)

Source: Lisa A. Hark, PhD, RD and Darwin Deen, MD, MS. 2014. Used with permission.

Laboratory Data Used to Diagnose Nutritional and

Medical Problems

No single blood test or group of tests accurately measures nutritional status. Therefore clinical
judgment is important in deciding what tests to order based on the individual’s history and physical
findings. The following tests are grouped according to medical condition.

Alcoholism: Aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transferase (GGT), thiamin, folate, and vitamin B,,.

Anemia: Complete blood count (CBC), serum iron and ferritin, total iron binding capacity (TIBC),
transferrin saturation, mean corpuscular volume (MCV), reticulocyte count, red blood cell
folate, and serum vitamin B,.

Diabetes: Fasting serum glucose, hemoglobin A1C, insulin levels, C-reactive protein (CRP), serum,
and urinary ketone bodies.

Eating Disorders: Potassium, albumin, serum amylase, thyroid studies, beta carotene aspartate
amino transferase (AST), alanine aminotransferase (ALT), and anemia.

Fluid, Electrolyte, and Renal Function: Sodium, potassium, chloride, calcium, phosphorus, mag-
nesium, blood urea nitrogen (BUN), creatinine, urine urea nitrogen, urinary and serum, oxalic
acid, and uric acid.

Hyperlipidemia: Cholesterol, triglyceride, low density lipoprotein-cholesterol (LDL-C), high
density lipoprotein-cholesterol (HDL-C), LPa, homocysteine, and thyroid stimulating hormone
(TSH) (secondary cause).

Musculoskeletal pain, weakness: 25(OH) vitamin D, phosphate, parathyroid hormone (PTH).

Malabsorption: 24-hour fecal fat, barium imaging studies, electrolytes, albumin, serum triglycer-
ides, and hydrogen breath test.

Metabolic Syndrome: Fasting serum glucose, lipid panel, and uric acid.

Refeeding Syndrome: Albumin, calcium, phosphorous, magnesium, and potassium.

Malnutrition:

Protein Status

Clinically, visceral protein status may be depleted by increased protein losses in the stool and urine
as a result of wounds involving severe blood loss, or by poor dietary protein intake. The following
serum protein levels may prove useful in conjunction with other nutrition assessment parameters.
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Once again, however, each of these tests has limitations because serum protein levels are affected

not only by nutrition and hydration status, but by disease states, surgery, and liver dysfunction.
The half-life (¢,,,) of each protein is given because it allows use of these tests to monitor changes

in protein nutrition over time:

o Serum albumin Serum albumin has a half-life of 18 to 20 days and reflects nutritional status
over the previous 1 to 2 months. Levels may decrease with acute stress, overhydration, trauma,
surgery, liver disease, and renal disease. False increases occur with dehydration. This test is not
a good indicator of recent dietary status or acute changes in nutritional status (less than 3 weeks)
given its long half-life. Significantly reduced levels of serum albumin (<3.5mg/dL) have been
associated with increased morbidity and mortality in clinical studies.

o Serum transferrin Serum transferrin has a half-life of 8 to 9 days. Changes in serum transferrin
levels are influenced by iron status, as well as by protein and calorie malnutrition. Results of this
test reflect intake over the preceding several weeks.

o Serum prealbumin With a half-life of 2 to 3 days, serum prealbumin reflects nutritional status
as well as protein and calorie intake over the previous week. Prealbumin levels may be falsely
elevated with renal disease or, as with albumin, reduced with severe liver disease.

Assessment and Problem List: Medical Nutrition Therapy
The healthcare professional clinically assesses the individual patient based on his/her history,
review of systems, physical examination, and laboratory data.

Active problems are listed in order of their importance. Inactive problems are also recorded.
Evidence of a nutrition disorder should be considered primary if it occurs in patients with no other
etiology that explains signs and symptoms of malnutrition. A primary nutrition problem is usually
the result of imbalances, inadequacies, or excesses in the patient’s nutrient intake. Manifestations
may include obesity, weight loss, malnutrition, or poor intake of vitamins or minerals such as iron,
calcium, folate, vitamin D, or vitamin B,,.

Patients having normal weight and no other risk factors should be encouraged to maintain their
weight. Overweight patients with co-morbidities, such as diabetes, hypertension, or heart disease,
should be advised to lose weight by increasing their physical activity level and reducing their total
calorie and saturated fat intake, using smaller portion sizes, and selecting healthier foods. Referral
to a registered dietitian for additional counseling and support has been shown to be effective.

Secondary nutrition problems occur when a primary pathologic process results in inadequate
food intake, impaired absorption and utilization of nutrients, increased loss or excretion of nutri-
ents, or increased nutrient requirements. Common causes of secondary nutritional disorders
include anorexia nervosa, malabsorption, trauma, acute medical illness, and surgery. Malnutrition
may occur as a result of a chronic condition or an acute episode complicating an underlying disease.
After assessing each problem, medical nutrition therapy should be recommended that includes
both a diagnostic component and a treatment plan. Patient education is an essential part of medical
nutrition therapy. Key dietary issues by age and disease are summarized in Table 1-5.

Estimating Energy and Protein Requirements

Resting Energy Expenditure (REE)

The amount of energy required to maintain vital organ function in a resting state over 24 hours is
referred to as the resting energy expenditure (REE). Basal metabolic rate (BMR) is the minimum
calorie requirement for an individual at a neutral environmental temperature while fasting. BMR
is generally impractical to measure. REE is approximately 10 percent above BMR. Thus, the REE
is used clinically for estimation of BMR. REE accounts for approximately 65 percent of total daily
energy expenditure and varies considerably among individuals with different height, weight, age,
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Table 1-5 Key Dietary Issues by Age and Disease

Age/Disease Key Dietary Issue

Infants Fluoride, iron, calories, protein, fat for growth and development
Children Fluoride, iron, calcium, calories, protein, fat for growth and development
Teenagers Iron, calcium, calories, protein for pubertal development (screen for eating disorders)
Pregnancy Folate, iron, calcium, vitamin D, protein, appropriate weight gain
Alcoholism Folate, thiamin, vitamin B;,, calories

Anemia Iron, vitamin B, folate

Ascites Sodium, protein

Beriberi Thiamin

Cancer Adequate protein, calories, and fiber

Celiac Disease B complex, vitamins, vitamin D

COPD, Asthma Vitamin D, calcium, weight loss, calories

Diabetes Carbohydrates, saturated fat, cholesterol, calories, fiber

Heart Disease Saturated fat, monounsaturated fat, cholesterol, sugar, fiber
Hyperlipidemia Saturated fat, monounsaturated fat, cholesterol, sugar, fiber
Heart Failure Sodium

Hypertension Sodium, calcium, potassium, alcohol, sugar, total calories

Kidney Stones Calcium, oxalate, uric acid, protein, sodium, fluid

Liver Disease Protein, sodium, fluid

Malabsorption Vitamins A, D, E and K

Obesity Total calories, portion sizes, saturated fat

Osteoporosis Vitamin D and calcium

Pellegra Niacin

Renal Failure Protein, sodium, potassium, phosphorous, fluid

Rickets Vitamin D and calcium

Scurvy Vitamin C

Vegetarian diet Protein, vitamin B,,, iron, calcium

Source: Lisa A. Hark, PhD, RD and Darwin Deen, MD, MS. 2014. Used with permission.

Table 1-6 Definition of Energy/Calorie

Energy is expressed in kilocalories (kcal) and is produced by the oxidation of dietary protein, fat, carbohydrate,
and alcohol.

e One gram of protein yields approximately 4kcal.

e One gram of carbohydrate yields approximately 4kcal.

e One gram of fat yields approximately 9kcal.

e One gram of alcohol yields approximately 7 kcal.

A calorie is the amount of heat required to raise the temperature of 1 gram of water by 1 degree Celsius. A
kilocalorie is the amount of heat required to raise the temperature of 1 kilogram of water by 1 degree Celsius.

body composition, and gender. REE significantly correlates with lean body mass. Regular physical
activity, especially weight-bearing exercises, can increase muscle mass, and thus increase REE.
Since REE decreases as people age due to the loss of lean body mass over time, regular exercise
can play a significant role in maintaining REE, especially in older adults. The energy produced by
the oxidation of dietary macronutrients is shown in Table 1-6. The Mifflin-St. Jeor equation to
estimate energy requirement is shown in Table 1-7. Activity factors are added to the REE as neces-
sary to calculate total daily caloric needs, which vary for active and inactive patients. Total energy
expenditure (TEE) is equal to the REE times the appropriate physical activity factor. The physical
activity factor for hospitalized patients or those confined to bed is 1.2; for non-hospitalized, sed-
entary patients, 1.3.
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Table 1-7 Mifflin-St. Jeor Equation to Estimate Energy Requirement

Adults 19 years and older

Estimated Energy Requirement (kcal/day) = Total Energy Expenditure

Men
10 x weight (kg) + 6.25 x height (cm) — 5 x age (y) + 5

Women
10 x weight (kg) + 6.25 x height (cm) — 5 x age (y) — 161

Source: Mifflin, MD, St. Jeor ST, Hill LA, Scott, BJ, Daughtery SA, Koh YO. A new perspective equation for resting energy expenditure
in healthy individuals. Am J Clin Nutr. 1990;(2):1241—-1247.

Protein Needs of Hospitalized or Critically Il Patients

Protein requirements in a critically ill patient depend on the degree of catabolic stress the patient

is experiencing. Guidelines are as follows:

o In unstressed well-nourished individuals, protein needs range from 0.8 to 1.0 g/kg body weight
per day.

o In post-surgical patients protein needs range from 1.5 to 2.0 g/kg body weight per day.

o In highly catabolic patients (burns, infection, fever), protein needs can be over 2 g/kg body weight
per day.

Malnutrition

According to the World Health Organization (WHO), malnutrition affects all age groups across
the entire lifespan, from conception to older adults. Health consequences range from intrauterine
brain damage and growth failure to reduced physical and mental capacity in childhood to an
increased risk of developing diet-related chronic diseases later in life.

Insufficient food intake results in loss of fat, muscle, and ultimately visceral tissue. This reduction
in tissue mass is reflected in weight loss. The smaller tissue mass reduces nutritional requirements,
likely reflecting more efficient utilization of ingested food and reduction in work capacity at the
cellular level. The combination of decreased tissue mass and reduction in work capacity impedes
homeostatic responses, including responses to illness or surgery. The stress of critical illness inhibits
the body’s conservation response to malnutrition. In addition, undernourished individuals experi-
ence nutrient deficiencies and imbalances that exacerbate the reduction in cellular work capacity.
Malnutrition is also associated with a decrease in the inflammatory response and immune function.
These alterations result in increased morbidity and mortality among undernourished patients.
Adequate nutrition is essential for reversing these physiological effects. Aggressive nutritional
support, instituted early in critical illness, may reduce the adverse effects of malnutrition in the
critically ill patient.

Etiology/Causes of Malnutrition

Decreased Oral Intake Poverty, poor dentition, gastrointestinal obstruction, abdominal pain,
anorexia, dysphagia, depression, social isolation, and chronic pain are some of the many possible
causes of decreased oral intake.

Increased Nutrient Loss Glycosuria, proteinuria, gastrointestinal bleeding, diarrhea, malabsorp-
tion, a draining fistula, or protein-losing enteropathy can result in nutrient losses.

Increased Nutrient Requirements Hypermetabolism state or excessive catabolic processes can
result in increased nutrient requirements. Common examples of situations that can dramatically
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affect nutrient requirements include surgery, trauma, fever, burns, hyperthyroidism, severe infec-
tion, malabsorption syndromes, cancer, chronic obstructive pulmonary disease (COPD), cardiac
cachexia, critical illness, and HIV/AIDS. Pregnant women and children also experience increased
nutritional requirements during growth and development.

Diagnosis of Malnutrition

Malnutrition is defined as a suboptimal or deficient supply of nutrients that interferes with an
individual’s growth, development, general health, or recovery from illness. A BMI of less than
18.5kg/m’ defines adults who are consistently underweight and at risk for malnutrition. Infants
and children who fall below the 5th percentile for weight-for-age or BMI-for-age on the growth
chart should also be evaluated further and followed closely. In acute malnutrition, a child’s weight-
for-age percentile on the growth chart falls first, followed by a decline in height growth. In extreme
cases of malnutrition or starvation, a child’s head circumference growth may also plateau. The
importance of plotting pediatric growth parameters over time is paramount, as poor weight gain
and/or weight loss are key to diagnosing malnutrition, failure to thrive, and other medical condi-
tions associated with poor weight gain in the pediatric population, such as cystic fibrosis. Crossing
growth percentile lines should always prompt close follow-up.

Marasmus results when the body’s requirements for calories and protein are not met by dietary
intake. Marasmus is characterized by severe tissue wasting, excessive loss of lean body mass and
subcutaneous fat stores, and weight loss. Decreased protein intake is usually associated with
decreased calorie intake, but can occur independently.

Kwashiorkor describes a predominant protein deficiency. Kwashiorkor is characterized by leth-
argy, apathy, irritability, retarded growth, changes in skin (dermatitis) and hair pigmentation,
edema, and low serum albumin. Both marasmus and kwashiorkor are associated with weakness,
weight loss, decline in functional status (increased difficulties with activities of daily living),
impaired immune function with increased susceptibility to infection, and increased risk of morbid-
ity and mortality.

Prevalence of Malnutrition

Children, older adults, and hospitalized and nursing home patients are particularly prone to mal-
nutrition. According to WHO, 99 million children (17 percent) under 5 years of age were under-
weight in developing countries in 2011. This number is estimated to have declined from 28 percent
in 1990. Fifty percent of deaths among children less than 5 years of age in developing countries are
associated with malnutrition. One in three people are affected by vitamin and mineral deficiencies
and one in four pre-school children suffer from malnutrition. One in six infants are born at low
birth weight in developing countries.

Some degree of malnutrition occurs during most hospitalizations regardless of the type of injury
or illness. The prevalence of malnutrition in the out-patient population has not been clearly deter-
mined. Risk factors for malnutrition include chronic diseases, use of multiple prescription medica-
tions, poverty, inadequate nutritional knowledge, homebound and/or non-ambulatory status, poor
social support structure, major psychiatric diagnosis, and alcoholism. Malnutrition in nursing
home patients has been reported in up to 50 percent of residents.

Food insecurity is defined by the United States Department of Agriculture (USDA) as lack of
access to enough food to fully meet basic needs at all times due to lack of financial resources.
Households that are insecure, even when hunger is not present, have such limited resources that
they may run out of food or cannot afford balanced meals. Hungry households have been defined
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as those that lack adequate financial resources to the point where family members, especially chil-
dren, are hungry on a regular basis and the food intake of adults is severely reduced.

According to the USDA, an estimated 17 million (15 percent) of American households experi-
enced food insecurity for at least some time during 2011. This represented 33.5 million adults and
16.7 million children. Approximately 8.6 million children (11.5 percent) lived in households in
which one or more child was food insecure. Nationally, food insecurity was significantly higher for
households with incomes near or below the Federal poverty line (35 percent), households headed
by a single woman (37 percent) or man (24.9 percent), Black, non-Hispanic (25 percent) and
Hispanic (26.2 percent) households, all households with children (21 percent) and households with
children under age 6 (22 percent). Households with WIC-eligible incomes experience food inse-
curity more than those with higher income levels. Studies have shown that the federally funded
WIC program is an effective means of decreasing rates of food insecurity while positively influenc-
ing nutrient intakes.

Unfortunately, with the shift from welfare to work, many low-income working families who are
eligible for Federal assistance do not participate, leaving children more vulnerable to food insecu-
rity than ever before. In 2011, 57 percent of food insecure households received assistance from one
or more of the three largest Federal food and nutrition assistance programs. The Supplemental
Nutrition Assistance Program (SNAP), formerly known as the Food Stamp Program, provided
benefits to 44.7 million people in the UnitedStates in 2011. This accounted for 40.1 percent of food
insecure households.

Food insecurity and poor diet quality exist at unsettling levels throughout the United States
despite attempts to create a food and nutrition safety net. Studies show that specific populations,
including low-income women with children living in rural areas, are at increased risk for experi-
encing food insecurity. Providing nutrition education to all food assistance program participants,
including information regarding the benefits associated with the recommended intake of fruits and
vegetables as well as the availability and affordability of fresh produce, should be a priority.

Overweight and Obesity

Health Consequences of Overweight and Obesity

Obesity is a complex, multi-factorial disease that is becoming increasingly common among adults
and children worldwide. Once considered a problem only in developed countries, overweight and
obesity are now dramatically on the rise in developing countries as well, particularly in urban set-
tings. Obese individuals have an increased risk of diabetes, coronary heart disease, hyperlipidemia,
hypertension, stroke, gallbladder disease, sleep apnea, osteoarthritis, respiratory problems, and
certain types of cancers (endometrial, breast, prostate, and colon), all of which increase their risk
of mortality. According to the Centers for Disease Control and Prevention (CDC), seven out of ten
deaths among Americans each year result from chronic diseases. Obesity-related conditions such
as heart disease, type 2 diabetes, stroke, and certain types of cancer account for more than 50
percent of preventable deaths each year.

Recent studies show that overweight (BMI = 25.0-29.9) or class I obesity (BMI = 30.0-34.9)
are not associated with excess mortality compared to normal BMI individuals (BMI = 18.5-24.9).
However, class II/III obesity (BMI > 35.0) is associated with significantly higher mortality, ranging
from 40 percent among females to 62 percent among males relative to individuals with normal
BML. In considering attributable mortality risk, class II/III obesity (BMI > 35.0) is responsible for
approximately 4 percent of deaths among females and 3 percent among males. Obesity accounts
for approximately 5 to 7 percent of national health expenditures in the United States. Recent studies
demonstrate that across all payers, public and private, per capita medical spending for the obese
was $1,723 higher per year (42 percent) than for an individual of normal weight and $266 higher
per year for overweight individuals. The aggregate national cost of overweight and obesity was



Chapter 1 Overview of Nutrition Assessment in Clinical Care 17

approximately $114 billion dollars in 2012. Other studies indicate that obesity-related expenditures
are expected to increase to 16 to 18 percent of healthcare spending by 2030.

Etiology of Overweight and Obesity

The etiology of obesity is believed to be due to a combination of biological and environmental
factors. Biological factors that have been identified include an individual’s genetic predisposition,
the size and number of adipose cells, and REE. Environmental factors that have been identified as
contributory to overweight and obesity include excessive caloric intake and inadequate physical
activity. These are the most likely environmental factors associated with the significant increase in
overweight and obesity seen in the United States. and developed countries over the past several
decades. Recent research is examining the role of exposure to environmental toxins and the con-
tribution of gut bacteria.

Genetics In humans, 426 variants of 127 different genes have been associated with obesity. Accord-
ing to the Human Obesity Gene Map, single mutations in 11 genes were strongly implicated in 176
cases of obesity worldwide. Additionally, 50 chromosomal locations have been mapped that contain
genes that may be related to obesity. According to the CDC, “several independent population-based
studies reported that a gene of unknown function, referred to as fat mass and obesity-associated
gene (FTO), may be responsible for up to 22 percent of all cases of obesity. Interestingly, the FTO
gene also shows a strong association with diabetes. The mechanism by which FTO operates is cur-
rently under investigation.”

Family history reflects genetic susceptibility and environmental exposures shared by close rela-
tives. Genetic studies over the past several decades investigating adopted twins and their biological
and adoptive parents show that adoptees’ weight correlates most strongly with their biological
parents’ weight. Additional research has shown that children with one overweight parent have a
40 percent chance of becoming overweight as adults. This risk increases to 80 percent if both
parents are overweight. Regardless of the strong evidence for genetic influences on human obesity,
genetics accounts for no more than one-third of the variance in body weight. Experts agree that
since there has been no change in the gene pool over the past three decades, the dramatic increase
in the prevalence of obesity in both children and adults in the United States. likely reflects envi-
ronmental influences (epigenetic).

Adipose Cell Size and Number The size and number of fat cells have been studied for many
years and vary between normal, overweight, and obese individuals. During infancy, adolescence,
and pregnancy, fat cells normally increase in number. With modest weight gain, fat cells increase
in size, and with significant weight gain, fat cells increase in both size and number. With weight
loss, fat cells decrease in size but not in number. The lack of reduction in fat cell number may help
explain why it is difficult for obese individuals to maintain weight loss for an extended period of
time after a significant weight loss.

Excess Caloric or Energy Intake Humans require energy (calories) to support normal metabolic
functions, physical activity, and growth and repair of tissues. According to the latest National
Health and Nutrition Examination Survey III (NHANES), Americans are eating 220 more calories
per day compared to 20 years ago. This increase in calories can be partially attributed to a combi-
nation of increased portion sizes or “super-size” servings and the increased frequency of eating
outside the home, especially at fast-food restaurants. This calorie increase may also be secondary
to increased body weight, which increases energy requirements.

Decreased Physical Activity The dramatic increase in sedentary activities and labor-saving
devices (sitting at the computer, watching television, using the remote control, taking escalators,
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elevators, or moving sidewalks, using drive-through windows to pick up food, and using garage
door openers as examples) have reduced the amount of energy we expend as a society. According
to the CDC, less than half (48 percent) of all adults met the 2008 Physical Activity Guidelines.
Gender differences indicate that men (52 percent) were more likely than women (42 percent) to
meet guidelines for aerobic activity. Ethnic differences also exist. More non-Hispanic white adults
(23 percent) met the standard guidelines than non-Hispanic black adults (17 percent) and Hispanic
adults (14 percent). Americans living in the South were more likely to be less physically active than
individuals living in other United States regions. Less than 30 percent of high school students got
at least 60 minutes of physical activity every day. In addition, the Behavioral Risk Factor Surveil-
lance System indicates that participation in physical activity declines as people age.

Because regular physical activity modestly contributes to caloric expenditure, reduced abdomi-
nal fat, and increased cardio-respiratory fitness, it should be strongly encouraged, along with a
reduced calorie diet, to improve the health of overweight and obese individuals. Recent studies
from the National Weight Control Registry have indicated that regular physical activity is the single
best predictor of long-term weight control in overweight and obese individuals who have lost
weight.

Prevalence of Overweight and Obesity

According to the CDC, more than one-third of United States adults or 78 million Americans were
obese in 2009-2010. Approximately 12.5 million (17 percent) United States children and adoles-
cents were obese. Although obesity prevalence has not measurably increased in the past few years,
levels are still high at 36 percent of United States adults aged 20 and over. Over the past decade
obesity prevalence among men and boys in the United States has increased significantly but not
among women and girls overall. Adults over the age of 60 were more likely to be obese than younger
adults. Worldwide, obesity prevalence has more than doubled from 1980 to 2008. In 2008, the
WHO estimated that more than half a billion adults worldwide were obese, approximately 205
million men and 297 million women. The prevalence of overweight and obesity were highest in
the WHO Regions of the Americas (62 percent for overweight and 26 percent for obesity) and
lowest in the WHO Region for South East Asia (14 percent overweight and 3 percent obesity). The
CDC’s Behavioral Risk Factor Surveillance System (BRFSS) shown in Figure 1-2 illustrates that
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Figure 1-2 Prevalence of Overweight and Obesity Rates in the United States by State (2010)
Available from http://www.cdc.gov.
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Figure 1-3 Prevalence of Obesity in Adults by Race/Ethnicity: 2009-2010

Source: Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United States, 2009-2010. NCHS
data brief no. 82. Hyattsville, MD: US Department of Health and Human Services, CDC, National Center for
Health Statistics. 2012.

during the past 25 years there has been a dramatic increase in United States obesity rates. This
United States map demonstrates this trend by mapping the increased prevalence of obesity across
each of the states. In 1985, there were 13 states that had 10 percent or less prevalence of obesity;
in 2010 no states had less than 20 percent prevalence of obesity. In 1985, no states had more than
a 14 percent increase in prevalence of obesity. In 2010, 12 states had a prevalence of obesity equal
to or greater than 30 percent. No state in the United States met The Healthy People 2010 objective
to lower obesity prevalence to 15 percent among adults and 5 percent among children.

Among women, the age-adjusted prevalence of overweight or obesity among racial and ethnic
minorities is higher among non-Hispanic black and Mexican-American women than among non-
Hispanic white women. For men, the difference is less pronounced, as shown in Figure 1-3. While
Healthy People 2020 has identified obesity reduction among children and adolescents as a chief
objective, inadequate progress has been made toward this goal. For children and adolescents,
overweight is defined as BMI above the 85th percentile and obesity is greater than the 95th
percentile-for-age. Figure 1-4 demonstrates the increase in obesity that has occurred among chil-
dren and adolescents since 1976. Figure 1-4 also shows how over the last decade obesity prevalence
among boys in the United States has increased more significantly than among girls. More recent
studies of smaller geographic regions (e.g., New York City) are showing some declines in rates of
childhood obesity.
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Figure 1-4 Trends in Obesity Among Children and Adolescents Aged 2-19 Years, by Sex: United States,
1971-1974 through 2009-2010

Source: Fryar, CD, Carroll MD, Ogden CL. Prevalence of obesity among children and adolescents: United States,
Trends 1963-1965 through 2009-2010.

Treatment (Case 1.1 and 1.2)

There is strong evidence that a weight loss of 10 percent of body weight will result in a reduction
in blood pressure, fasting glucose, and lipid levels. This level of weight loss can also reduce an
individual’s risk of cancer. Treatment is particularly important for obese individuals who have three
or more of the following risk factors: cigarette smoking, hypertension, high LDL-C levels, low
HDL-C levels, elevated fasting glucose levels, and/or family history of diabetes, coronary heart
disease, or cancer, and age over 45 and 55 years for men and women, respectively.

The USDA has developed My Plate based on the Dietary Guidelines for Americans
(www.choosemyplate.gov). Nutritional guidelines originally were aimed at preventing malnutri-
tion; recent guidelines have evolved to support overall good nutrition, and to prevent obesity. The
MyPlate guidance system is intended to provide a framework for adults and children for determin-
ing what and how much to eat each day using the familiar image of a place setting for a meal. The
ChooseMyPlate.gov website provides a multitude of well-organized information to help Americans
make the best food choices. It also allows for the development of individualized dietary and physical
activity plans.

Effective Counseling for Lifestyle and Behavior Change

Lifestyle and behavior changes often require many attempts, large and small, over many years. The
first principle of behavior change is to understand the long-term nature of the needed changes, to
encourage those who have not met goals or have relapsed, and for healthcare providers to not
become discouraged with apparent lack of immediate success.

In making a change, people move through a series of steps: Precontemplation, Contemplation,
Preparation, Action, Maintenance, and Relapse (Prochaska Stage of Change Model). This model is
often used to clarify for people and their providers their readiness for change. Healthcare providers
can provide information and motivational counseling to help patients move from one stage to
another. Providers can help patients by considering their behavioral beliefs, such as personal per-
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ceived risk of negative outcome from the behavior, normative beliefs (similar behavior by family
members and individuals important to them), and efficacy expectations (they believe the change
will make a difference and is personally achievable). People often need skills (e.g., label reading
and menu planning) to help turn their intention to action. Providers who model or perform a
specific behavior are more likely to help patients perform this behavior. Reviewing barriers to a
change, the circumstances of previous behavior change and relapse, and motivations to change can
also provide useful insights to patients.
Important questions that allow healthcare providers to assess patients’ level of change include:
« How have you changed your diet or exercise since the last visit?
« What problems did you encounter in making these changes?
« How confident are you about sustaining these changes you have made?
« What additional changes would you like to make in your diet or exercise pattern to improve your
health?
o How can I help you with these changes?
« What one behavior could you change that would result in the most significant change in your
health?
o What one or two behaviors would you be unlikely to change now?

In conclusion, the value of nutrition assessment in the clinical care of both ambulatory and
hospitalized patients cannot be overemphasized. Nutrition assessment during the medical history
and physical examination to evaluate growth and development in children and documentation of
signs of nutrient excess or deficiencies in children and adults should be routine in clinical care.
Development of a realistic treatment plan that includes lifestyle counseling can help patients change
their behaviors and lead healthier lives.
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Case 1 Obesity and Metabolic Syndrome

Xavier F. Pi-Sunyer

Columbia University College of Physicians and Surgeons, New York, NY

OBJECTIVES

e |dentify methods to diagnose obesity and metabolic syndrome appropriately.
¢ Describe the metabolic and health consequences associated with being overweight or obese.

e Assess the patient’s risk for metabolic complications associated with excess weight gain given the
anthropometric and laboratory data, and usual diet of the patient.

e Describe the components of a successful weight management program, including specific nutrition,
physical activity, and behavioral recommendations.

e Describe the efficacy of medications (over-the-counter and prescription) and surgical approaches to
the treatment of obesity.

RS is a 44-year-old African-American woman who works as a management consultant. She
presents to her family physician with elevated blood pressure and obesity. She has a history of
dieting but has been unable to maintain a healthy weight. This is approximately the twelfth time
in the past 15 years she has tried a weight-loss diet. RS states her weight problems began when she
had her first child 18 years ago. Although she understands the medical consequences associated
with being overweight, she is primarily motivated to lose weight for cosmetic reasons.

Past Medical History

RS has no past medical history of cardiovascular or gallbladder disease. (She has not had an EKG
for the past 5 years). She takes no medications, vitamins, or herbal supplements although she states
that she should be taking calcium. When asked about sleep disturbances, she admits to snoring at
night, but denies waking up in the middle of the night or falling asleep during daytime activities.

Family History

The family history is positive for overweight and obesity. RS’s brother and sister are overweight.
Her father and another sister are normal weight. Her mother is obese, hypertensive, and had a
myocardial infarction at the age of 67. RS states that her mother does not have diabetes although
her blood glucose was elevated in a recent blood test.

Social History
RS does not smoke. She averages two to three 4-ounce glasses of wine per week. She eats three
meals per day and admits to nibbling whenever food is available at work or when she is bored. She
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states she has no time to exercise due to her work and family schedule. RS is currently at her highest
adult weight.

Obstetrical History

RS delivered three healthy, full-term children, who are now 18, 13, and 10 years old. She gained
35 to 40 pounds (16 to 18 kg) with each pregnancy and lost about 20 pounds (9kg) after each birth.
RS has never been able to reach her pre-pregnancy weight.

Review of Systems

Skin: No history of rashes or unusual skin pigmentation.

HEENT: No visual complaints.

Neurologic: No headaches, tremors, seizures, or depression.

Endocrine: Normal menstrual cycle; denies abnormal heat or cold intolerances.
Cardiovascular: Normal rate and rhythm; no orthopnea, or dyspnea.

Joints: No swelling, heat, or redness.

Physical Examination

Vital signs

Temperature: 98.4°F (36.9°C)

Heart rate: 88 BPM

Blood pressure: 135/88 mm Hg

Height: 5'3" (160 cm)

Current weight: 2081b (94.5kg)

BMI: 36.8kg/m’

Waist circumference: 38 inches (96.5cm)

Weight history: Her highest adult weight is her current weight while her lowest adult weight of
1501b (68kg) was before she had children at age 25. Her weight has averaged 1751b (79.4kg).

Exam

General: Obese woman in no acute distress; no cushingoid features, negative for hirsutism, no
dorsal, cervical, or supraclavicular fat

Skin: No striae, no acanthosis nigricans

HEENT: Unremarkable

Neck: Nonpalpable thyroid

Chest: Clear

Heart: S, and S, normal rate and rhythm

Abdominal: Obese, no organomegaly

Extremities: No edema

Laboratory Data

Patient’s Fasting Values Normal Values

Glucose: 116 mg/dL 70-99mg/dL

Potassium: 3.8 mEq/L 3.5-5.0mEq/L

Cholesterol: 216 mg/dL desirable <200 mg/dL
Triglycerides: 175 mg/dL desirable <150 mg/dL

HDL-C: 42mg/dL desirable for female >50mg/dL
Calculated LDL-C: 139 mg/dL desirable <130 mg/dL

RS provides vague information on serving sizes particularly when she feels guilty about them.
The following represents her usual diet:
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Breakfast (home)
Coftee

Half and half cream
Bagel

Cream cheese
Orange juice

Lunch (office)

Chef salad

(Turkey, ham, cheese, boiled egg)
French dressing

Bread sticks

Iced tea (presweetened)

Snack (office)
Pretzels
Diet soda

Dinner (home)
Spaghetti
Tomato sauce
Beef meatballs
Garlic bread
Red wine

Snack (home)
Vanilla wafers
Lemonade

Total calories: 2691 kcal
Protein: 94 g (14% of calories)
Fat: 90g (30% of calories)

8 ounces (240mL)
1 ounce (30mL)

1 large

2 Tbsp.

8 ounces (240 mL)

2 cups

3 Tbsp.
2 small
12 ounces (360mL)

1.5 ounce bag
12 ounces (360 mL)

2 cups

Y5 cup

3 ounces (85g)

1 piece

5 ounces (150mL)

10 small
12 ounces (360 mL)

Saturated fat: 33 g (11% of calories)
Monounsaturated fat: 21g (7% of calories)
Cholesterol: 334 mg

Carbohydrate: 355g (53% of calories)
Dietary fiber: 13 g

Sodium: 4800 mg

Calcium: 601 mg

Case Questions

1. How are overweight and obesity clinically assessed in this patient?

What are the medical risks associated with obesity in this patient?

Does RS meet the criteria to diagnose metabolic syndrome?

What are the appropriate treatment goals for RS?

RS is interested in trying a high-protein, low-carbohydrate diet. Describe the biochemical and

metabolic effects of high protein, low carbohydrate diets.

Is this popular diet appropriate for RS based on her medical history?

. What dietary and exercise guidelines would you recommend for RS considering her diagnosis
of metabolic syndrome and her current diet?

8. On asubsequent visit, RS is interested in medication for weight loss. Discuss the current criteria

and options for pharmacologic therapy.

A N
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Answers to Questions: Case 1
Part 1: Assessment and Diagnosis

1. How are overweight and obesity clinically assessed in this patient?
Body mass index (BMI) is a useful clinical calculation for documenting obesity because it assesses
the relative risk of excess weight. BMI is defined as weight/height’ (kg/m?) (Figure 1-1). The amount
of intra-abdominal adipose tissue, independent of BMI, correlates strongly with increased risk of
cardiovascular disease, stroke, dyslipidemia, hypertension, and type 2 diabetes in both men and
women. Abdominal obesity can be assessed by measuring patient’s waist circumference, in the
horizontal plane around the abdomen at the level of the iliac crest.

RS is clinically assessed as having Class 2 obesity since she has a BMI of 36.8 kg/m’. In addition,
she has excess adipose tissue located in her abdomen, as indicated by her waist circumference of
38 inches (96.5cm), increasing her risk for heart disease and diabetes.

2. What are the medical risks associated with obesity in this patient?

Obesity increases a persons risk of developing cardiovascular disease, dyslipidemia, hypertension,

type 2 diabetes, osteoarthritis, gallstones, respiratory disease, cholecystitis, and certain types of

cancer. Obesity also increases patient’s risk during surgical procedures because increased subcuta-
neous fat can make surgery technically more difficult and prolongs the procedure. Post-operative
complications are more common in obese patients.

Evidence exists to indicate that RS is experiencing some signs of physical stress related to obesity
which include the following:

« RS complains of snoring, which combined with obesity, places her at risk for sleep apnea in the
future.

o Borderline high LDL-C according to the Adult Treatment Panel (ATP III) Guidelines from the
National Cholesterol Education Program (NCEP) (Chapter 6).

o Elevated fasting glucose level, indicating impaired fasting glucose and suggesting impaired
glucose tolerance and insulin resistance, although not frank diabetes. RS is at risk for type 2
diabetes due to the constellation of risk factors: obesity, abdominal fat distribution, sedentary
lifestyle, and impaired glucose tolerance.

o Elevated blood pressure adding to her risk of disease according to the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) (Chapter 6).

o Elevated triglyceride level and a low HDL-C level for a woman.

3. Does RS meet the criteria to diagnose metabolic syndrome?

Recent attention regarding risk for coronary heart disease has focused on a cluster of metabolic
abnormalities that arise primarily out of obesity. According to the NCEPATP III Guidelines,
patients can be diagnosed with metabolic syndrome if they exhibit any three of the five conditions
shown in Table 1-8. (Note differences in low normal ranges for HDL-C cholesterol for men and
women.) RS has all five of the criteria for metabolic syndrome.

Table 1-8 Diagnosing Metabolic Syndrome: 3 or More of the Following 5 Criteria

Abdominal obesity Waist circumference
Men >40 inches
Women >35 inches

Pre-hypertension BP > 130/>85mm Hg
Glucose intolerance FBG > 110mg/dL
High triglycerides >150mg/dL

Low HDL-C Men <40mg/dL

Women <50mg/dL

Source: Adult Treatment Panel (ATP) Ill Guidelines. NCEP Report.
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4. What are the appropriate treatment goals for RS?

The first line of treatment for patients with obesity and the metabolic syndrome is weight reduction
and increased physical activity. However, one does not need to lose a lot of weight to be
successful.

Weight Reduction Clinical research has demonstrated that obese individuals who achieve and
maintain a 10 percent reduction in body weight, regardless of initial BMI, are likely to lower their
blood pressure, serum glucose, and LDL-C and triglyceride levels, thereby reducing their risk of
developing diabetes and cardiovascular disease. The Diabetes Prevention Program (DPP), a national
study comparing lifestyle changes to medication, found that type 2 diabetes can be prevented or
delayed with just a 5 to 7 percent weight loss due to lifestyle changes. For a more complete review
of the DPP (see Chapter 8: Case 8.2).

Lifestyle modifications may also prevent the onset of hypertension as well as reduce elevated
blood pressure. RS has a blood pressure of 135/88 mm Hg. According to JNC-7, she should begin
an aggressive lifestyle modification program to lower her blood pressure to reduce the risk of
cardiovascular disease.

A linear association has been demonstrated between excess body weight (BMI >27kg/m?) and
severity of hypertension. A mean weight loss of 20 pounds (9.2kg) is associated with a 6.3 mm Hg
reduction in systolic BP and a 3.1 mm Hg reduction in diastolic BP. In addition, weight loss
enhances the blood pressure lowering effect of anti-hypertension medications.

The incidence of other health problems associated with obesity, such as sleep apnea and oste-
oarthritis, also decrease with moderate weight loss. Thus, if RS were to lose 20 pounds (9.2kg) or
about 10 percent of her weight, it is likely that the clinical abnormalities associated with the meta-
bolic syndrome will improve.

Increased Physical Activity Exercise has been shown to be the single best predictor of long-term
weight maintenance and therefore should always be encouraged for weight loss. Patients who
participate in regular exercise have lower blood pressure levels as well as a reduced risk of cardio-
vascular disease and osteoporosis compared to those who do not exercise. The CDC recommend
a minimum of 30 minutes a day of physical activity, 5 days a week for adults. The Institute of
Medicine (IOM) recommends adults to reach 1 hour a day of exercise, which is consistent with the
CDC’s recommendations for physical activity for children and teenagers. Current research indi-
cates that this level of physical activity can be accumulated throughout the day. Both observational
and interventional studies suggest that even brisk walking 3 hours per week can reduce the risk of
cardiovascular disease and type 2 diabetes by at least 30 percent.

An active lifestyle has also been shown to prevent or delay the development of type 2 diabetes,
since both moderate and vigorous exercise decrease the risk of impaired glucose tolerance and type
2 diabetes. It is likely that the beneficial effects of exercise on the prevention of cardiovascular
disease are associated with improvements in the metabolic syndrome. In hypertensive patients with
hyperinsulinemia, regular exercise has consistently demonstrated a reduction in blood pressure
levels. Regular exercise has also been shown to reduce levels of triglyceride-rich very low density
lipoprotein (VLDL) particles, and raise HDL-C levels.

5. RS is interested in trying a high-protein, low-carbohydrate diet. Describe the biochemi-
cal and metabolic effects of high-protein, low-carbohydrate diets.

High-protein, low-carbohydrate diets remain popular today: the most controversial being those
that exclude almost all carbohydrate (<5 percent of total calories). These extremely low-
carbohydrate diets, such as the Atkins diet, may consist of greater than 150 grams of protein, 100
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grams of total fat (much of which is saturated fat), 500 mg cholesterol, and less than 28 grams of
carbohydrate per day during the induction phase of the diet.

These diets cause the body to go into ketosis. Ketosis can be defined as an increased level of
ketones in the blood. Ketones are acetoacetic acid and beta-hydroxybutyric acid, which form from
the breakdown of free fatty acids. Ketosis also occurs during starvation, but due to lack of calories
and protein, significant lean body mass is lost. In the weight-loss diets that try to promote ketosis,
the dietary protein is excessive and therefore, lean body mass seems to be preserved (although
research is sparse).

When ketone bodies build up in excessive amounts in the blood (ketonemia), they spill into the
urine (ketonuria) and are excreted as sodium or potassium salts, resulting in a net loss of these two
minerals. In addition, excess dietary animal protein may also lead to hyperuricemia (increased uric
acid in the blood) and hyperuricosuria (increased excretion of uric acid in the urine). This increases
the patient’s risk of developing gout, uric acid kidney stones, and possibly bone loss. It is therefore
critical to drink at least 64 ounces (1920mL) of water per day on such a high-protein diet, and
maintain an adequate electrolyte intake.

The question then is why do people lose weight on high-protein, low-carbohydrate diets? Most
experts agree that when patients adhere to any weight-loss program, plan their meals, and focus
on what and how much they are eating, they lose weight. In addition, when entire food groups,
such as carbohydrates, are avoided, caloric intake is significantly reduced.

The rationale given for this low-carbohydrate, high-protein diet is that high-carbohydrate diets
promote insulin resistance and cause obesity, but there is little convincing data for this. Insulin
resistance does occur as a result of increased body weight, lack of exercise, or medical conditions
such as type 2 diabetes. Protein also stimulates insulin secretion. Consuming more calories than
your body requires from any food source potentially leads to weight gain if not balanced with
increased exercise.

6. Is this popular diet appropriate for RS based on her medical history?

Given the cardiovascular concerns and the lack of data from well-controlled studies, a ketogenic
weight-loss diet does not seem to be appropriate for RS. If she feels that she is eating too many
carbohydrates from starches and simple sugars, suggest she become more aware of serving sizes,
eat more vegetables and fruit, and ingest her carbohydrates from predominantly whole grains.

On a ketogenic diet, when carbohydrates are reduced to 28 grams per day, fat and protein intake
are significantly increased. Depending on the choice of protein-containing foods, a high saturated
fat diet may result. It is well established from epidemiological data and clinical trials that a high
saturated fat intake increases serum LDL-C levels and therefore the risk of cardiovascular disease.
The current ATP III Therapeutic Lifestyle Changes Diet advocates less than 7 percent of the total
calories coming from saturated fat, less than 200 milligrams of cholesterol and up to 20 percent of
calories from monounsaturated fat per day (Chapter 6).

In addition, in order to keep carbohydrates low enough so that ketosis occurs, fruits, fruit juices,
grains and dairy products are severely limited or avoided. Therefore these diets may be lacking in
vitamins (A, B, C, D) and minerals (calcium, magnesium). Patients are advised in these ketogenic
diet books to take many vitamin and mineral supplements.

7. What dietary and exercise guidelines would you recommend for RS considering her
diagnosis of metabolic syndrome and her current diet?

Considering the fact that RS has tried unsuccessfully to diet twelve times over the past 15 years, it
is important to assess what RS feels is her biggest vulnerability and also what lifestyle changes she
is willing to incorporate. RS needs to focus on decreasing her total caloric intake and increasing
her level of physical activity to lose weight and improve her metabolic syndrome.
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Dietary Goals Specifically, RS would benefit from decreasing her consumption of saturated fat,
simple carbohydrates, sodium and low-fiber foods intake. The current IOM report recommends
45 to 65 percent of total calories coming from carbohydrates and 20 to 35 percent from fat.

Because of the beneficial effects of increasing monounsaturated fat (MUFA) on triglyceride
and HDL-C levels, RS could replace saturated fat with MUFA by using olive oil on her salad
instead of French dressing and substituting low-fat cream cheese for the full-fat varieties. Snacking
on hummus and raw carrots rather than pretzels, crackers, or cookies should also be suggested.
She could also choose carbohydrate-containing, high-fiber foods such as fresh fruits, vegetables,
and whole grain breads instead of bagels and pasta. RS needs to be counseled on reducing
her serving size of pasta. She can add cooked frozen vegetables to her spaghetti to fill her up at
dinner. Water and other non-caloric drinks should be substituted for sugar-sweetened drinks or
fruit juice, as these drinks are contributing a significant number of empty calorie carbohydrates to
her diet.

As shown in the revised menu, we recommend that RS substitute a small amount of peanut
butter, a good source of MUFA and protein, rather than butter or cream cheese at breakfast. We
also suggest she skip the cheese and egg yolk on the Chef’s salad at lunch. Turkey, boiled ham, and
egg whites are good sources of lean, low fat protein. If RS skips the garlic bread with dinner and
limits her pasta to one cup cooked, she will be successful in decreasing calories, carbohydrate, satu-
rated fat, and cholesterol. By adding vegetables, RS will improve the nutritional value of her diet
while keeping total calories low. Finally, RS should be advised to take a calcium supplement (500 mg
per day) since her calcium intake is far below her daily requirement of 1200 mg per day.

An alternate diet would be the Dietary Approaches to Stop Hypertension (DASH) diet. It is an
excellent diet evaluated in a multi-center randomized, controlled trial which assessed the effects
of dietary patterns on blood pressure, supports eating plenty of fruits, vegetables, and dairy foods
for patients with high blood pressure. This trial enrolled 459 adults with mean base-line blood
pressure levels of 131.3/84.7 mm Hg. Subjects were randomized to the control diet rich in fruits
and vegetables with an average fat content or a combination diet with low-fat dairy and reduced
total and saturated fat. Results showed a 5.5 mm Hg greater decrease in systolic pressure and 3.0 mm
Hg greater decrease in diastolic pressure with the intervention diet as compared to the control diet.
The average sodium intake was 3000 mg/day. Reduction in blood pressure began within 2 weeks
and was maintained for the duration of the study. Further blood pressure reductions were achieved
with sodium restriction (see Chapter 6: Case 6.2).

Physical Activity Goals

RS states that she does not have time to exercise due to her work and children’s schedule. She cur-
rently works as a management consultant and travels several times a month. Therefore, in order to
realistically encourage RS to increase her activity, it would be helpful to address these time barriers
and to help her identify strategies to achieve increased physical activity. When she is traveling and
does not have child care responsibilities, she could walk if she brings her exercise clothes and
sneakers. When she is at home, she might be able to take a walk at night after dinner, or she could
walk during her lunch break at work. In RS’s case, she can benefit from using a pedometer that
measures the number of steps taken each day. Metabolic fitness goals could be set at 5000 steps (or
30 minutes) per day, which can be gradually achieved over time. Keeping a record of her exercise
may help RS stick with her commitment.

Realistic Weight Goals
The healthcare provider should discuss the appropriate rate of weight loss. A safe rate of weight
loss is 1 to 2 pounds or 1 percent of body weight per week. RS’s current weight is 208 pounds
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(94.3kg), and she is 63 inches (160 cm) tall. If RS is able to adhere to these dietary recommenda-
tions and increase her physical activity, she should be able to reduce her weight by 10 to 20 pounds
(4.5 to 9.0kg) over a period of 6 months. Studies have shown that weight loss slows or stops after
about the 24th week of most diets. This “plateau” occurs because the calories consumed and energy
expended are now sufficient to maintain, rather than allow for additional weight loss.

After attaining this goal, a new weight goal can be negotiated. Since RS would like to lose more,
it is helpful to reiterate how much healthier she will be when she meets her first goal, and the fact
that she is very successful if she maintains that weight loss. A potential next goal of 175 pounds
(79.4kg) can be set.

Recommended revised diet for weight loss:
Breakfast (home)

Coffee 8 ounces (240 mL)
Whole grain bread 1 slice

Peanut butter 1 Tbsp.

Low fat milk (1%) 4 ounces (120 mL)
Banana 1 small

Lunch (office)

Chef salad (no cheese) 2 cups

(turkey, ham, egg whites, tomato, raw broccoli)

Olive oil 2 Tbsp.

Balsamic vinegar 2 Tbsp.

Diet soda or water 12 ounces (360 mL)

Snack (office)

Hummus 4 Tbsp.
Raw carrots 2 ounces (57 g)
Water 8 ounces (240 mL)

Dinner (home)

Spaghetti 1 cup

Mixed vegetables 10 ounces (283 g)
Lean beef meatballs 3 ounces (85 g)
Water 8 ounces (240 mL)

Snack (home)
Fat-free yogurt 8 ounces (240mL)

Total calories: 1506 kcal

Protein: 78 g (20% of calories)

Fat: 59g (34% of calories)

Saturated fat: 11g (7% of calories)
Monounsaturated fat: 29 g (17% of calories)
Carbohydrate: 178g (46% of calories)
Dietary fiber: 34 g

Sodium: 1934 mg

Calcium: 785 mg
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Part 3: Pharmacotherapy Options

8. On a subsequent visit, RS is interested in medication for weight loss. Discuss the
current criteria and options for pharmacologic therapy.
Pharmacological interventions to facilitate weight loss include enhancing satiety, decreasing fat
absorption, and decreasing appetite. Three medications for weight loss are currently approved by
the FDA for long-term use: Xenical (orlistat), Qsymia (topiramate and phentermine) and Belviq
(lorcacerin). It is important to note that although most people consider stopping the drug after
weight loss has resulted, this generally precipitates a regain of weight. Similarly, it would be inap-
propriate to stop a cholesterol lowering medication after blood cholesterol has been reduced or to
discontinue a hypertension medication because blood pressure has normalized.

However, weight reduction with these medications is modest (7 to 11 pounds or 3 to 5kg) over
a 1-year period. Orlistat can be obtained over-the-counter under the name Alli, in a 60-mg dose.
Other over-the-counter weight-loss dietary supplements are available but their safety and efficacy
are not assured by clinical trials.

Xenical (orlistat) Orlistat’s activity occurs in the small intestine and promotes weight loss by
inhibiting gastric and pancreatic lipases, thus partially blocking the hydrolysis of triglycerides.
Thirty percent of ingested fat is unabsorbed and excreted in the stool. Patients are required to follow
a low-fat diet (<30 percent) in order to minimize side effects, specifically steatorrhea, associated
with fat malabsorption. Orlistat is prescribed at a dose of 120 mg TID with meals containing fat.
Because fat-soluble vitamins may also be malabsorbed, a multivitamin should be prescribed once
per day to be taken at least two hours before or after the medication. Xenical is contraindicated
for pregnant and lactating women and those with chronic malabsorption syndromes and cholesta-
sis. In a 2-year study, patients given Xenical lost more weight, maintained more weight loss and
reduced serum cholesterol, LDL-C, and blood pressures compared with those subjects taking a
placebo. In a meta-analysis of 15 studies, orlistat reduced weight by 2.9kg more than placebo.

It is incumbent upon the physician to bring the patient back for a follow-up visit within a month
in order to assess the effectiveness of the medication as well as any side effects. One criterion of
success for either medication is a 4 pound (1.8kg) weight loss in the first month. If this has not
occurred it is important for the physician and patient to re-evaluate the effectiveness of the medica-
tion for improvement in behavior, adherence, etc.

Qsymia (topiramate and phentermine) This is a fixed-dose combination of the sympathomi-
metic amine phentermine and the antiepileptic drug topiramate. It suppresses appetite and pro-
motes satiety. Phentermine is a sympathomimetic amine and topiramate is an anti-epileptic drug
whose mechanism of action in the appetite/satiety chain is unclear. Patients in a randomized con-
trolled study for 1 year lost 5.1% on low dose and 10.9% in high dose as compared to placebo loss
of 2.1 percent (LOCF). The drug can cause fetal harm and should not be taken during pregnancy.
The drug is contraindicated also in glaucoma, hyperthyroidism, and known sensitivity to sym-
pathomimetic amines. The most commonly observed side effects include paresthesia, dizziness,
dysgeusia, insomnia, constipation, and dry mouth. Depression and suicidal thoughts can occur, in
which cases the drug should be stopped. Phentermine has known potential for abuse.

Belviq (lorcacerin) This is a selective agonist of the serotonin (5-hydroxytyptamine) 2C (5-HT2c)
receptor. Weight loss in a 2-year randomized controlled trial was 5.8kg for drug vs 2.5kg for
placebo (LOCF). Response to therapy should be evaluated by week 12. If a patient has not lost at
least 5 percent of baseline body weight, Belviq should be discontinued. The most common adverse
reactions leading to discontinuation were headache, depression and dizziness. Belviq is classified
as Schedule IV drug of the Controlled Substances Act, suggesting some abuse potential.
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Case 2 Obesity and Bariatric Surgery

Doina Kulick! and Vicki Bovee?

! Mayo Clinic, Scottsdale, AZ
2 Western Bariatric Institute, Reno, NV

OBJECTIVES

e Describe the indications for bariatric surgery. Enumerate the commonly used bariatric operations, and
provide an overview of the mechanisms by which these surgeries produce weight loss.

e Describe the components of a successful surgical weight management program, and review the
efficacy of surgical approach to the treatment of obesity and its co-morbidities.

e Describe the nutritional and clinical management of bariatric patients after surgery.

CG is a 49-year-old Caucasian woman with a past medical history significant for class III obesity,
diabetes mellitus, obstructive sleep apnea (OSA), hypertension, and dyslipidemia who presents to
her primary care provider to ask if bariatric surgery could be an option for her. CG feels that her
health is deteriorating, and she believes that the current medical treatments are not controlling her
health problems. CG was told at a previous visit 3 months ago that insulin therapy needed to be
initiated to better manage her diabetes, but she was very reluctant to start it. She also rejoined a
low-calorie diet program at the University Weight Management Clinic. In spite of CG’s motivation,
she was only able to lose 4 pounds during these 3 months, and her blood glucose levels have not
improved. She was also given an appetite suppressant, but was forced to stop after 2 weeks due to
heart palpitations and an increase in her systolic blood pressure of 8 mmHg.

CG also complains of increased daytime sleepiness and fatigue, worsening shortness of breath,
and edema of both lower extremities. She was diagnosed with OSA 8 years ago and was placed on
a Continuous Positive Airway Pressure (CPAP) Device. The pressure of her CPAP machine has
been gradually titrated up. Two weeks ago she saw her pulmonologist who increased the CPAP
pressure to 20cm H,O.

Past Medical History and Medications

- Obesity; CG has been “heavy” all her life and had enrolled in numerous weight-loss programs
with only minor success.

- Type 2 diabetes for 17 years. She is treated with sitagliptin and metformin HCI extended-release
(Janumet®) 50/1000 mg twice a day, glipizide 40 mg/day, and pioglitazone 30 mg/day which was
added 6 months ago. Her last A1C, 2 months ago, was 9.3%.

— Sleep apnea for 5 years. She is treated with CPAP 20 cm H,O.

- Hypertension for 15 years. She is treated with lisinopril 80 mg/day, labetalol 900 mg twice/day;,
amlodipine 10 mg once a day, and hydrochlorothiazide 25 mg/day.

- Hyperlipidemia for 17 years. She is treated with atorvastatin 80 mg/day.

- Gastro-esophageal reflux disease (GERD) diagnosed 14 years ago, treated with omeprazole
40 mg/day.

Medical Nutrition & Disease: A Case-Based Approach, Fifth Edition. Edited by Lisa Hark, Darwin Deen,
and Gail Morrison.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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- Severe degenerative joint disease affecting both knees for the past 6 years. She is currently treated
with acetaminophen/hydrocodone, with only minimal pain relief.

- Laparoscopic cholecystectomy for symptomatic gallstones 10 years ago.

- Hepatomegaly and non-alcoholic fatty liver disease (NAFLD) diagnosed 2 years ago.

Family History

CG’s family history is positive for overweight and obesity, hypertension, diabetes mellitus, stroke,
and coronary artery disease. CG’s one brother and mother are both obese; her father and a sister
are overweight. Her mother has diabetes and hypertension, and had a myocardial infarction at the
age of 69. Her father is hypertensive and had a stroke at the age of 68. Her brother has diabetes

type 2.

Social History

CG never smoked. She drinks two glasses of wine on the weekends. She does not use illegal drugs.
It was recommended that she follow a diabetic diet, but she feels she is not adhering well. She states
she has no time to exercise due to her work schedule and cannot do much because of the pain in
her knees. She works at a loan office; she is happily remarried and has two children from her first
marriage.

Diet History

Breakfast: She eats breakfast only 3 to 4 times per week at work, which consists of a breakfast pastry
or one large bagel with 2 Tbsp. regular cream cheese; coffee, (24 ounces), with flavored creamer.
Snack: medium apple or banana.

Lunch: On workdays, she eats fast food 2 to 3 times a week (%1b hamburger or crispy chicken
sandwich, medium French fries, 24 ounces diet soda). She packs her lunch on other workdays and
usually brings a frozen dinner.

Snack: Candy bar. At least 1 day a week she will drink a 16 ounces sweetened chai tea latte drink.
Dinner: Home-cooked meals 3 to 4 times/week, consisting of a 4 to 6 ounces selection of meat,
baked or broiled; 1 to 1% cups of pasta or rice from a box mix; ¥ cup vegetables with butter, usually
corn or green beans; water for beverage.

Snack: 2 to 3 medium commercial cookies or 1 cup ice cream without toppings.

Bedtime snack: 1% cup Honeynut Cheerios with 2 percent milk.

No nocturnal eating.

On non-working days CG typically eats two meals. She eats a later breakfast, grazes in the after-
noon on cheese and crackers. She usually goes out to dinner one night on the weekend and has
two glasses of wine with dinner.

Diet Quality

Estimated resting energy expenditure (REE) using Mifflin—St. Jeor equation for females is 1987 kcal/
day. Estimated activity factor for sedentary level of activity is 1.2. Total energy needs for weight
maintenance is 2384 kcal/day.

Review of Systems

General: Fatigue.

Skin: Venous stasis dermatitis involving both ankles.

HEENT: No visual complaints; last diabetic eye exam 10 months ago showed mild non-proliferative
diabetic retinopathy.

Neurologic: Occasional headaches responding to Tylenol, no tremors, seizures, or depression.
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Endocrine: Irregular menstrual cycles, last mensus was 10 months ago, denies abnormal heat or
cold intolerances.

Gastrointestinal: Heartburns, normal bowel movements.

Cardiovascular: No palpitations, no orthopnea, no chest pain; the patient had a stress echocardio-
gram 6 months ago when she presented to ER with chest pain (CP); the test showed no ischemia
and a normal left ventricular ejection fraction, and the CP was determined to be due to GERD.
Joints: Pain in both knees; patient had an intrarticular steroid injection in her right knee 2
months ago.

Physical Examination

Vital signs

Temperature: 98.4°F (36.9°C)

Heart rate: 80 BPM

Blood pressure: 145/98 mm Hg

Height: 5’8" (173 cm)

Current weight: 2941b (134kg)

BMI: 44.7 kg/m”

General: Obese woman in no acute distress; Pickwickian body habitus, no Cushingoid features
HEENT: No palpable thyroid; no acanthosis nigricans

Respiratory: Lungs clear to auscultation bilaterally

CV: Distant heart sounds, regular rhythm, no murmur heard

Abdominal: Abdomen soft, normal bowel sounds, difficult deep palpation due to subcutaneous
adipose tissue

Extremities: 2+ pitting edema involving both ankles

Skin: Brownish pigmented skin of both ankles

Laboratory Data
Patient’s Fasting Values
Glucose: 196 mg/dL
Potassium: 3.8 mEq/L
Cholesterol: 216 mg/dL
Triglycerides: 308 mg/dL
HDL-C: 42mg/dL
LDL-C: 112mg/dL

Normal Values
70-99mg/dL
3.5-5.0mEq/L
Desirable <200 mg/dL
Desirable <150 mg/dL
Desirable >50 mg/dL
Desirable <100 mg/dL

Hemoglobin A1C 9.4% <7.0%
Thyroid-stimulating hormone (TSH): 3.4 0.5-5.0pU/mL
Free thyroxin (T4): 1.8 ng/dL 0.9-2.4 ng/dL
AST (SGOT): 481U/L 0-40 TU/L
ALT (SGPT): 691U/L 0-55IU/L

A stress echocardiogram 2 weeks ago shows no left ventricular wall motion abnormalities; left
ventricular ejection fraction of 60 percent; right atrial and ventricular enlargement, diagnosed as

pulmonary hypertension.

Case Questions

NN

. Does CG meet the criteria for bariatric surgery?

. What are the commonly performed types of bariatric surgery?

. What are the expected benefits and risks of bariatric surgery?

. There are several bariatric surgeons in the area where CG lives. She is asking her primary care

physician to help her choose “the best” What is the most appropriate advice to give CG?
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. Describe the pre-surgical nutritional evaluation of CG for bariatric surgery.

. Should CG lose weight before bariatric surgery?

. What are the nutritional implications following bariatric surgery?

. CG undergoes laparoscopic RYGB. No surgical and peri-operative complications occur.
Outline the nutritional and medical management of this patient for the first 3 months following
the surgery.

9. CG comes to the Bariatric Center for her 6-month follow-up visit complaining of nausea,
shaking, diaphoresis, and diarrhea after eating. What is the most likely cause of these symptoms
and how should she be treated?

10. Outline the long-term nutritional and medical management for patients who undergo bariatric

surgery.

[ I e NS |

Answers to Questions: Case 2
Part 1: Screening and Procedure Options

1. Does CG meet the criteria for bariatric surgery?
The indications for the surgical management of obesity are outlined in the 2013 AHA/ACC/TOS
Guidelines for the Management of Overweight and Obesity in Adults. Adults with a BMI 40 or 35kg/
m’ with co-morbid conditions (diabetes, sleep apnea, obesity-related cardiomyopathy, or severe
joint disease) may be candidates for bariatric surgery. In addition, they must have acceptable risk
for surgery and have failed previous non-surgical weight loss interventions. It is also very important
that potential patients understand the role of bariatric surgery in treating obesity, and display com-
mitment to enduring lifestyle changes and adherence to nutritional recommendations. Contrain-
dications to bariatric surgery include patients with untreated major depression or psychosis, binge
eating disorders, ongoing drug and alcohol abuse, severe cardiovascular diseases with prohibitive
operative risks, severe coagulopathy, or inability to comply with nutritional requirements, specifi-
cally life-long vitamin supplementation. Age alone should not preclude surgical treatment for
obesity in adult men and women. Review of the literature shows that bariatric surgery in adoles-
cents (age 12-18) is safe and is associated with significant weight loss, correction of obesity
co-morbidities, and improved self-image and socialization. There is emerging data that patients
with BMI of 30-34.9 kg/m* with diabetes or metabolic syndrome may benefit from bariatric surgery
although current evidence is limited by the number of subjects studied and lack of long-term data.
CG has a BMI of 44.7 kg/m?, which indicates she is a candidate for bariatric surgery. In addition,
she has significant co-morbidities: diabetes mellitus (poorly controlled on oral medication), uncon-
trolled hypertension, sleep apnea, and debilitating degenerative joint disease. Possible secondary
causes for obesity (hypothyroidism and Cushing syndrome) have been excluded by clinical evalu-
ation and blood work. She has diligently undergone multiple lifestyle and pharmaceutical interven-
tions, with modest and transitory success. She has no history or current use of illicit drugs or
alcohol dependence, and she appears to have a good family support system. In addition, the psy-
chological evaluation also showed that CG has no signs of depression or eating disorders, and that
she is very motivated to proceed with the surgery. Her operative risk assessment indicates she is
an acceptable candidate for bariatric surgery.

2. What are the commonly performed types of bariatric surgery?

The types of bariatric surgery are classified based on whether they encompass primarily restrictive
or malabsorptive procedures (Table 1-9). The restrictive procedures limit caloric intake by decreas-
ing the stomach’s capacity. Currently, the two commonly used restrictive procedures in the United
States are the laparoscopic adjustable gastric band (AGB) (as shown in Figure 1-5) and vertical
sleeve gastrectomy (VSG) (Figure 1-6). The laparoscopic adjustable gastric band compartmental-
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Table 1-9 Types of Bariatric Procedures

Restrictive

— Laparoscopic adjustable gastric band
— Vertical banded gastroplasty

— Intragastric balloon

Primary Restrictive with a malabsorptive component
— Roux-en-Y gastric bypass

Malabsorptive

— Biliopancreatic diversion with duodenal switch
— Jejunoileal bypass

— Biliopancreatic diversion

Source: Doina Kulick MD, FACP and Vicki Bovee, MD. 2014. Used with permission.

Self-Sealing

Reservoir <— Pouch (15 mL)

<+— Inflatable Silicon Band

Gallbladder —»

/14— Ligament of

Duodenum —» Treitz

Figure 1-5 Laparoscopic Adjustable Gastric Banding (LAP-BAND). An Inflatable Silicone Band is Placed Around
the Gastric Cardia to Achieve a 15-mL Gastric Pouch with an Adjustable Outlet that is Determined by the Volume
of Fluid Inserted into the Band Reservoir. The Reservoir is Placed in the Subcutaneous Tissue of the Upper
Abdomen, and can be Easily Accessed with a Syringe, Under Local Anesthesia (the Small Arrows Show the Path of
the Ingested Food)

Source: Doina Kulick, MD, FACP. 2014. Used with permission.

izes the upper stomach by placing a tight, adjustable prosthetic band around the entrance to the
stomach. The band consists of a hollow silicone ring, and is placed just a few centimeters below
the cardia of the stomach, creating a 15mL gastric pouch. The band is connected to an infusion
port placed in the subcutaneous tissue of the upper abdominal wall. The port may be accessed with
relative ease by a syringe and needle, under topical anesthesia. Injection of saline into the port leads
to reduction in the band diameter, which results in an increased degree of gastric restriction. VSG
is a partial gastrectomy, in which the majority of the greater curvature of the stomach is removed
and a tubular stomach is created (Figure 1-6). Although VSG is a restrictive procedure, changes in
gastric motility and fewer ghrelin-producing cells (ghrelin is a a gut hormone involved in regulating
food intake) left after partial gastrectomy may affect weight loss outcomes.

Other procedures have both restrictive and malabsorptive components. Roux-en-Y gastric
bypass (RYGB) is a classic example (Figure 1-7): a small (<30 mL) proximal gastric pouch is created
by separating it from the stomach remnant; the small intestine is then cut at a distance of 30-50 cm
distal to the Ligament of Treitz and the distal limb of the intestine (jejunum) is connected to the
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Figure 1-6 Vertical Sleeve Gastrectomy (VSG). The majority of the greater curvature of the stomach is removed
and a tubular stomach is created. The tubular stomach has a small capacity, is resistant to stretching due to the

absence of the fundus, and has few ghrelin producing cells (a gut hormone involved in regulating food intake).

Source: Doina Kulick, MD, FACP. 2014. Used with permission.
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Figure 1-7 Roux-en-Y Gastric Bypass: The Stomach is Stapled Just Beneath the Gastroesophageal Junction.
The Small Bowel (jejunum) is Divided Approximately 30cm Distal to Ligament of Treitz. The Distal Cut End of
the Small Bowel (d) is Anastomosed to the Proximal Gastric Pouch. The Proximal Cut End of the Small Bowel
(p) is Anastomosed to the Limb 40cm Distal to the Gastrojejunostomy (the Small Arrows Show the Path of the
Ingested Food)

Source: Doina Kulick, MD, FACP. 2014. Used with permission.

small pouch; the proximal limb (the duodenum and the first 15 to 20 cm of the jejunum) continues
the gastric remnant and will be anatomized with the distal limb 50 to 100 cm from the proximal
end of the distal limb. Even though RYGB is primarily a restrictive operation in which the small
gastric pouch limits food intake, the small bowel reconfiguration produces mild malabsorption, by
bypassing the rest of the stomach, the duodenum and first 15 to 20 cm. of the jejunum. There are
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also neuronal and gut hormonal changes, all of which provide additional mechanisms to facilitating
weight loss. RYGB is still the most common bariatric surgery performed in the United States, and
is considered the “gold standard”

The malabsorptive techniques produce primarily a decrease in the efficiency of nutrient absorp-
tion by shortening the length of the functional small intestine. Even though these procedures
promote significant weight loss, the nutritional and metabolic complications — such as protein-
caloric malnutrition and various micronutrient deficiencies — often offset the benefits of weight
loss. All the procedures mentioned can be performed by minimally invasive techniques. The
laparoscopic approach offers the advantages of decreased post-operative pain, shorter hospital stay,
and decreased rates of wound infection and hernia formation. Currently there are no guidelines
for choosing the most appropriate type of surgical procedure for the patient. The choice is based
on clinical judgment, patient and surgeon preferences, patient’s surgical risk, and reimbursement
issues. After discussing it with her physician, nutrition specialist, and the bariatric surgeon, CG
chooses to undergo RYGB (Table 1-9).

3. What are the expected benefits and risks of bariatric surgery?

Bariatric surgery is not a cure for obesity, but it is the most effective modality currently available
for weight management, and was proven in prospective studies to reduce morbidity and mortality
in obese patients. Data reported from the Swedish Obese Subjects (SOS) study, a large prospective
observational study of more than 2000 patients who underwent bariatric surgery, showed that
mortality hazard ratio (HR) at 10 years was 0.71 following bariatric surgery compared with matched
obese controls. After a 20-year follow-up, the same cohort demonstrated that HR for cardiovascular
death (including stroke and myocardial infarction) among surgical subjects compared with obese
controls was only 0.47. In another cohort of patients who underwent RYGP, all-cause mortality
was reduced by 40 percent 7 years after surgery, compared with the control group, and cause-
specific mortality in the surgery group decreased by 56 percent for coronary artery disease, by 92
percent for type 2 diabetes mellitus, and by 60 percent for cancer.

When comparing the three most common bariatric procedures for percentage of excess weight
loss, RYBG performs the best, the ABG the least, and VSG has intermediate outcomes. For example,
a study found that at 1-year follow-up, the percentage of excess weight loss was 70 percent for the
RYGP, 49 percent for VSG, and, and 38 percent AGB groups.

In general, after RYGB, patients lose an average of % to 1 1b (0.22-0.45kg) per day for the first
3 months, % to % pound (0.11-0.22kg) daily from 3 to 9 months, and % pound (0.11kg) daily
thereafter for up to 12 to 18 months.

You could inform CG that she could expect to lose approximately 90 to 100 pounds (or one-third
of her pre-operative weight) within 12 to 18 months after undergoing the RYGB procedure. This
weight loss would bring her body weight to 196 pounds (BMI < 30kg/m?), which is a change in
classification from class III obesity to overweight. Her diabetes mellitus, hyperlipidemia, hyperten-
sion, and OSA would likely also improve following bariatric surgery.

Bariatric surgery is the best long-term treatment for severe obesity; however, it carries risks of
complication and potential mortality. Despite the known complications of bariatric surgery, overall
mortality has improved significantly over the past two decades. The overall 30-day mortality for
bariatric surgical procedures is <1 percent. The most common causes of early mortality are pul-
monary emboli and complications related to surgical leaks.

4. There are several bariatric surgeons in the area where CG lives. She is asking her
primary care physician to help her choose “the best.” What is the most appropriate
advice to give CG?

A successful long-term outcome of bariatric surgery is dependent on the patient’s understanding
of the role of bariatric surgery in weight management and their commitment to a lifetime of dietary
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and lifestyle changes. Bariatric surgery is only a point in the continuum of care for obesity and the
patient will need adequate support. Thus CG should be advised to seek a bariatric surgeon who
operates as part of an experienced and knowledgeable multidisciplinary team of healthcare provid-
ers. This team will provide the pre-operative and post-operative education and health care. Usually
the team consists of the following health professionals:

Obesity specialist An internist, endocrinologist, or a physician nutrition specialist who has a
special interest and training in obesity. This physician, in close collaboration with the other health
professional team members, coordinates the peri-operative care in order to optimize patient’s
co-morbidities and reduce the surgical risk. The physician adjusts medical treatments in accordance
with the rapidly changing metabolic status following surgery (especially for the procedures contain-
ing a malabsorptive component). This physician may also follow-up with patients annually, often
in close collaboration with patients’ primary care physicians.

Bariatric Surgeon A bariatric surgeon is a surgeon with special training in bariatric surgery,
who has substantial experience with the procedure, but also with the pre- and post-operative
management of severely obese patients. Bariatric surgery is considered one of the most challenging
procedures performed by general surgeons. Recent studies evaluating outcomes after bariatric
surgical procedures found that the surgeon’s experience inversely correlated with the incidence
of post-operative complications. The more experience they had, the lower the post-operative
complications.

Registered Dietitian A required member of the bariatric team. As mentioned, bariatric surgery
does not cure obesity, but significantly facilitates a patient’s adherence to long-lasting dietary
changes. Thus the decision to operate must include an assessment of patients’ dietary habits, and
their ability to comply with the post-operative dietary regimen. A dietitian performs a pre-op
dietary assessment and provides instructions to help patients initiate dietary changes consistent
with surgery. In anticipation of surgery, the dietitian helps patients prepare their kitchens with the
needed appliances (e.g., food processor, blender, and standardized measuring cups and spoons)
and appropriate foods for a transition diet upon discharge from the hospital. The dietitian also
provides counseling for patients as they advance their diet during the early (3 months) post-
operative period, and periodically thereafter, especially when patients have difficulties in meeting
nutritional goals.

Psychologist Psychological testing is a recommended part of the pre-operative assessment. Almost
half of the patients referred for bariatric surgery may present with one of the following diagnoses:
somatization, social phobia, obsessive—compulsive disorder, substance abuse/dependence, binge-
eating disorder, night eating syndrome, post-traumatic stress disorder, generalized anxiety disorder,
and depression. The psychologist may use various psychological tests and tools (the Beck Depres-
sion Inventory or the Minnesota Multiphasic Personality Inventory, the Boston Interview for
gastric bypass, or the structured clinical interview with the Weight and Lifestyle Inventory from
the University of Pennsylvania) to reveal potential problems, and help patients adopt the lifestyle
behavior changes needed for a successful long-term surgical outcome.

Primary care physician (PCP) The PCP needs to become an active member of the team in the
peri-operative stage, and most importantly facilitate long-term care of patients who undergo bari-
atric surgery. Often it is the PCP who will see patients annually for their post-op evaluation, review
laboratory data, and will refer patients to the obesity specialist and dietitian whenever appropriate
follow-up is indicated.
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Part 2: Pre-Surgery Nutrition Assessment

5. Describe the pre-surgical nutritional evaluation of CG for bariatric surgery.

CG was evaluated and approved for surgery and her operative risk was assessed as being moderate.
A comprehensive nutritional evaluation of CG shows the following: CG has been “heavy” all
her life, and is now at the highest weight of her adult life. Her lowest adult body weight was 150
pounds at the age of 20, just before she got married (when she underwent a 16-week low-calorie
diet program). She has gained weight progressively since that time during her pregnancies and
family/social stressor events. CG has enrolled in numerous commercial and medically supervised
weight loss programs (more than a dozen times over last 34 years) with only minor and transitory
success.

CG’s food history reveals that because of her work schedule, she frequently eats out, most often
at fast food restaurants. To improve adherence to dietary recommendations after surgery, it is criti-
cal to have an understanding of meal patterns, eating habits, and typical foods consumed. With
this information, plus an estimation of nutrient intake, the dietitian can work with the patient to
develop pre-operative goals that will set a foundation for her post-operative eating plan.

CG’s diet is deficient in dairy foods, vegetables, and fruits. She appears to consume adequate
protein and grains; however, she eats sweets in excess. She has roughly two glasses of wine per
week and her other drinks are usually calorie free. She has chai tea latte once a week. CG does not
drink sufficient amounts of water. She takes a daily vitamin/mineral supplement. She is not par-
ticipating in any intentional physical activity at this time due to knee pain. In addition to the lack
of physical activity, she states that her biggest challenges in managing her weight are her sweet
tooth, eating when bored, and not enough time for meal planning and preparation may negatively
impact her long-term success.

However, CG’s high intake of high-fat foods and sweets, grazing and meal skipping pattern,
emotional eating, and time or schedule constraints for meal planning and preparation may nega-
tively affect her long-term success.

The dietitian’s recommendation is that CG is a candidate for gastric surgery but adherence to
post-operative dietary changes may be difficult. Together, CG and the dietitian have developed a
pre-operative nutrition plan until a surgery date has been scheduled when further guidelines will
be provided. Immediate goals are:

« Reduce intake of high-fat foods.

— Use of meal replacement shake for breakfast.

— Pack lunch or choose lower fat, fast food options at lunch.
« Reduce intake of sweets.

— Afternoon snack of fresh fruit or protein-based food.

— Replace evening snack with a meal replacement shake.

o Take prescribed dietary supplements as directed per dietary assessment and nutrient screening
blood testing.

6. Should CG lose weight before the surgery?

Regarding the recommendation for pre-operative weight loss, the obesity specialist and the bari-
atric surgeon both agree that CG would benefit from preoperative weight loss. Preoperative weight
loss can reduce liver volume and may help improve the technical aspects of bariatric surgery in
patients with an enlarged liver or fatty liver disease, as is the case with our patient. The patient had
recently undergone a low-calorie diet program plus pharmacotherapy with unsatisfactory weight
loss. It is possible that the recently added medication to her diabetic treatment, pioglitazone (which
is known to produce water retention), could have tempered her weight loss. Two to four weeks of
a very low calorie diet (VLCD; 800 calories) would be a reasonable pre-op weight loss treatment
for CG.
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The physician nutrition specialist prescribed a liquid meal replacement diet consisting of 800
calories per day. Attention was given to the macronutrient composition, and she was provided with
an adequate amount of daily proteins and essential fatty acids. She was also recommended to take
a daily multivitamin and two tablets of fiber supplements. The pioglitazone and glipizide were
discontinued at the beginning of the VLCD. She remained on sitagliptin/ metformin, and sup-
plemental short-acting insulin was added as need (prn). She was instructed to monitor her blood
glucose three times a day. On this regimen, CG lost 23 pounds by the end of the fourth week.

Part 3: Post-Surgical Assessment and Medical Nutrition Therapy

7. What are the nutritional implications following bariatric surgery?

The nutritional goals following bariatric surgery are to produce a significant caloric deficit, while
maintaining an adequate intake of essential macronutrients and micronutrients. Usually the more
significant the component of malabsorption, the greater the success of weight loss; however, nutri-
tional deficiencies follow the same trend.

Proteins are absorbed mainly in the jejunum and mid ileum, sites commonly bypassed by many
bariatric procedures that have a malabsorptive component. Nonetheless, restrictive procedures
could also lead to protein malnutrition due to significantly reduced food intake. The clinical signs
of protein malnutrition are edema, alopecia, and low serum albumin level (<3.5g/dL). Testing
patient’s serum albumin concentration is an effective and convenient method to monitor protein
status. The incidence of protein malnutrition in purely restrictive procedures is very low (<2
percent), and has been found in 13 percent of patients after RYGB.

Iron deficiency is a common nutritional problem following RYGB surgery. Decreased ability to
convert the dietary Fe’" into the more absorbable Fe*" form (due to low gastric acid production)
and the bypassing of the duodenum and proximal jejunum (main sites of iron absorption) are the
mechanisms leading to iron deficiency. Up to 50 percent of patients who have undergone RYGB
have iron deficiency 4 years post-op, and it is two times more common in females compared to
males. The prevalence of iron deficiency is even higher in jejuno-ileal bypass and duodenal switch.
Measurement of serum ferritin is the single best diagnostic test for iron deficiency and is the first
test to show abnormal results. Occurrence of microcytic anemia is usually a late finding and denotes
severe iron deficiency.

Calcium and Vitamin D deficiencies are also commonly encountered after bariatric surgery.
Calcium absorbs primarily in the duodenum and proximal jejunum, and absorption is facilitated
by the presence of gastric acid secretion and vitamin D. Calcium status can be monitored by total
serum calcium concentration, but calcium levels may be artificially low in the setting of hypoalbu-
minemia. Vitamin D is primarily absorbed in the jejunum and ileum. Being liposoluble, the absorp-
tion of vitamin D requires adequate mixing and action of pancreatic and biliary secretions. Even
before surgery, up to 25 percent of obese patients have subclinical calcium deficiency (elevated
PTH, with normal calcium), and 50 percent are vitamin D deficient. After surgery, the procedures
with a malabsorptive component result in significantly more calcium and vitamin D deficiency
compared to the restrictive procedures. The best marker for vitamin D deficiency is serum
25-hydroxy vitamin D. Low vitamin D and calcium levels trigger secondary hyperparathyroidism,
which can be assessed by measuring PTH, which will be increased. All these nutritional and meta-
bolic changes accelerate bone loss after bariatric surgery.

Vitamin B,; and Folic Acid Vitamin B,, is almost entirely absorbed in the terminal ileum in the
presence of the intrinsic factor which is secreted from the antrum of the stomach. Adequate gastric
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and pancreatic enzyme secretion and mixing are also required to release vitamin B;, from food
and then from binding protein, so that vitamin B, is available to bind to intrinsic factor for absorp-
tion in the ileum. The human body stores substantial amounts of vitamin B, (about 2000 .g), but
at 3 years post-op, approximately one-third of patients who have had a gastric bypass present with
vitamin B,, deficiency.

Folic acid deficiency is less common, because it is absorbed throughout the small intestine and
deficiency is largely due to severely reduced dietary intake. Purely restrictive procedures are gener-
ally not associated with vitamin B, or folic acid deficiencies. Serum levels of vitamin B,, and folic
acid are used to monitor nutritional status of these vitamins. The use of methylmalonic acid to
detect vitamin B,, deficiency is not routinely recommended.

Thiamin is absorbed primarily in the duodenum, mostly in the more acidic environment of its
proximal portion. The pathogenesis of thiamin deficiency is believed to be due to decrease in acid
production (resulting from a decreased gastric capacity) and restriction of food intake, in the
context of profuse and protracted vomiting. Symptomatic thiamin deficiency in bariatric patients
is rare, but can occur even in the case of a restrictive procedure. The clinical presentation of thiamin
deficiency most often consists of Wernickes encephalopathy: altered mental status, ataxic gait,
double vision, nystagmus, and acute polyneuropathy with paralysis. Clinical recognition of this
syndrome may be lifesaving, since the symptoms respond very well to prompt intravenous admin-
istration of thiamin. Deficiency of thiamin can be confirmed by measuring serum thiamin levels,
or the erythrocyte thiamine transketolase (ETKA) (which is the most reliable method, but not often
used in practice).

Other Vitamins and Minerals Low serum levels of vitamin A, K, and E have been documented
after bariatric surgery, but clinical manifestation of such deficiencies has not yet been described.
No clinical complications due to lack of vitamin C, magnesium, and selenium have been reported.
Cases of zinc deficiency were found to occur following malabsorptive procedures, and usually
manifest as alopecia. It is important to emphasize to patients that nutritional deficiencies following
bariatric surgery can be avoided or corrected by routine monitoring, adequate nutrition, and long-
term supplementation.

8. CG undergoes laparoscopic RYGB. No surgical and peri-operative complications occur.
Outline the nutritional and medical management of this patient for the first 3 months
following the surgery.

After surgery, CG was advised to follow a full-liquid diet for the first week while at home. She was
instructed to keep the volume small, no more than % cup per meal, and to try to eat five to six
times per day. Week two post-operatively, CG was instructed to begin adding pureed foods with
an emphasis on including higher protein foods. Meal volume remained small and she was advised
to slowly increase the volume of food. She was advised to begin adding semi-solid/soft foods into
her diet as tolerated, usually about 14 to 21 days after surgery, and reminded to chew each small
bite thoroughly. Foods not well tolerated during the first few months after surgery are red meat,
chicken and turkey, white flour products, foods high in sugar and fat, and most raw fruits and
vegetables.

The guidelines for continued weight loss were reviewed: keep portions small, no beverages while
eating and 30 minutes after eating, a minimum intake of 60 grams protein per day, eat at scheduled
times and avoid grazing, and include physical activity most days of the week. At her 3-month post-
operative visit, she was eating approximately % to 1 cup of food per meal, averaging 50 to 60 g of
protein every day and 48 ounces of water. She had not yet tried to eat red meat or raw vegetables.
She stated that even though she was not hungry, she still felt the desire to eat more food than she
could tolerate.
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9. CG comes to the Bariatric Center for her 6-month follow-up visit complaining of
nausea, shaking, diaphoresis, and diarrhea after eating. What is the most likely cause
of these symptoms and how should she be treated?

The symptoms described at this visit are suggestive of dumping syndrome. Dumping syndrome
occurs initially in 70 to 76 percent of patients with RYGB. The clinical manifestations of dumping
include GI and vasomotor symptoms. Dumping syndrome can be divided into early and late phases
depending on the relation of symptoms to the time elapsed from meal intake. Symptoms of early
dumping occur within 10 to 30 minutes after eating. They result from accelerated gastric emptying
of hyperosmolar content into the small bowel, followed by fluid shifts from the intravascular com-
partment into the intestinal lumen. These events are believed to be responsible for GI symptoms
such as nausea, bloating, abdominal cramps, and explosive diarrhea. The majority of patients have
early dumping. Late dumping occurs 1 to 3 hours after eating, and it is characterized predominantly
by systemic vascular symptoms including flushing, dizziness, palpitations, and lightheadedness.
Physical examination of these patients may reveal profound orthostatic changes. Late dumping
occurs in approximately one-quarter of patients with dumping syndrome. Late dumping is consid-
ered to be the consequence of hypoglycemia from an exaggerated release of insulin.

An important element of the history that needs to be obtained from any patient presenting with
these symptoms is a detailed food history, with particular attention to the intake of foods with a
high content of sugar and/or fat. Our patient admitted that she had been snacking on her favorite
cookies for the past month. Dumping syndrome usually responds to dietary interventions: reduc-
tion of carbohydrate intake, with preference for complex, rather than simple carbohydrates, avoid-
ance of liquids for at least 30 minutes after a solid meal, and small portion size. In very rare cases,
drug therapy may be required (octreotide). CG responded well to dietary interventions.

10. Outline the long-term nutritional and medical management of patients who have
undergone bariatric surgery.

For her long-term diet, CG should continue to spend at least 20 to 30 minutes at each meal, taking
her time to eat. She should slowly sip her fluids between meals (8 ounces of fluids over 30-40
minutes), but not during her meals or 30 minutes after eating. Food and liquids should continue
to be low in fat and sugar. She was advised to eat at least 60 g of protein daily. Protein intake after
bariatric surgery should be individualized, and guided by the dietician considering gender, age,
and weight; a minimal protein intake of 60g/d and up to 1.5g/kg ideal body weight per day is
considered adequate; higher amounts of protein intake up to 2.0 g/kg ideal body weight per day
may be recommended on an individualized basis. Protein-rich foods include lean meat, low-fat
milk and dairy products, beans, peas, lentils, eggs, and protein supplements if needed. Vitamins
and minerals should be taken regularly.

During the first year following bariatric surgery CG was seen at 1, 3, 6, and 12-months. She
should be monitored on an annual basis by an obesity specialist or her primary care physician.
Visits with a dietitian or behavioral therapist should be recommended whenever patients have
difficulty maintaining their dietary goals or regain weight. One year after her surgery CG lost 1011b,
which was what was initially predicted. Her BMI is 27.8 kg/m®. Her annual visits focus on building
long-term healthy dietary behavior, continuing physical activity, and monitoring and correcting
potential nutritional deficiencies.

Routine blood tests for her annual post-operative visits include a CBC, chemistry panel includ-
ing liver enzymes, lipid panel, A1C, ferritin, iron, TIBC, TIBC saturation, vitamin B,,, 25(OH)
vitamin D, and intact PTH. A DEXA scan and other lab tests may be indicated. Our patient, who
was perimenopausal before surgery, has not had a period for the last 16 months, and is considered
post-menopausal. This status, along with rapid weight loss, increases her risk of osteoporosis, and
most clinicians would agree that she should have a DEXA scan.
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Evaluation of her co-morbidities and adjustment of medical management should be done as part

of the continuum of care. Her medications were drastically reduced: she is taking Metformin,
1000mg once daily, and her AIC is 6.9 percent. She no longer requires hydrochlothiazide or
labetalol to control her blood pressure, and her amlodipine was reduced to 5mg once daily. She
only needs half of the pre-operative dose of atorvastatin to keep her lipid panel at the ideal level.
Her CPAP machine was adjusted to 10 cm H,O, which represents a significant improvement from
the pre-operative status; she no longer has lower extremity edema or shortness of breath. She has
been able to discontinue her GERD medication without return of symptoms, and her liver enzymes
have normalized. She hopes that by losing more weight, she will be able to discontinue using her
CPAP device. CG should remain for the rest of her life on the following daily nutritional
supplements:

Two multivitamins/minerals tablets each containing iron, folic acid, and thiamin.

Vitamin B, at a dosage of 500g to 1000 pg daily sublingual (or orally, if determined to be
adequately absorbed to maintain By, levels in the normal ranged). Sometime subcutaneous, or
intramuscular route may be needed.

Calcium citrate 1200 to 1500 mg/day (depending on dietary calcium intake).

Vitamin D;, 2000 to 3000IU/day; (titrated to therapeutic 25- hydroxyvitamin D levels
>30ng/ml).

Iron 45 to 60 mg ferrous sulfate.

Thiamin supplementation should be included as part of routine multivitamin with mineral
preparation. In bariatric patients at risk for thiamin deficiency (patients with rapid weight loss
or protracted vomiting) supplementation with oral or intravenous thiamin, 100 mg/daily should
be given until risk factors subsided. Patients with thiamin deficiency (suspected or established)
should be treated with intravenous thiamin, 500 mg/day, for 3 to 5 days, followed by 250 mg/day
for 3 to 5 days or until resolution of symptoms; then to consider treatment with 100 mg/day,
orally, usually indefinitely or until risk factors have resolved.

Folic acid supplementation (400 mg/day) should be part of a routine mineral-containing bariatric
multivitamin preparation.

Routine supplementation with zinc, selenium, and copper in addition to the amount found in
the bariatric multivitamins—minerals preparation is not recommended.

It is important to mention that many of these recommendations are based mainly on expert

opinion, and more clinical studies in this area are needed.
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OBJECTIVES*

e Know the major roles played by the various vitamins and the pathological consequences of deficiency
or toxic excess.

e Be aware of the physiological functions of the major minerals and their role in disease processes.

e Understand how laboratory measurements can be used for the diagnosis of pathologies involving
vitamins or minerals.

e Appreciate the various circumstances that might warrant the use of vitamin or mineral supplements

*Source: Objectives for chapter and cases adapted from the NIH Nutrition Curriculum Guide for Training Physicians.
(www.nhlbi.nih.gov/funding/training/naa)

The Need for Vitamins

Vitamins are organic chemical substances required for normal growth, development, and metabo-
lism throughout all stages of life. Although humans mostly rely on exogenous sources of vitamins
and minerals, certain intestinal microorganisms produce vitamin K and biotin, while vitamin D
and niacin are synthesized from their chemical precursors, cholesterol and tryptophan,
respectively.

As the importance of adequate vitamin balance for health and disease prevention has been
increasingly discussed in the lay press, the annual expenditure for over-the-counter dietary sup-
plements in the United States has grown to over $16 billion. Often these press articles highlight
the findings of recently published research without contextualizing the information, misleading
consumers into thinking that a new “magic bullet” for disease prevention has been discovered.
Therefore, it is essential for clinicians to assume a role in patient education regarding supplements
while simultaneously emphasizing the importance of a varied diet as the best source of most vita-
mins and minerals.

It is also important to look for those individuals who may have increased vitamin and mineral
requirements or inadequate intake. These include, but are not limited to, pregnant and lactating
women; growing children; the elderly; those who have suffered severe trauma such as burns, frac-
tures, or major surgery; those who have or are at high risk for infections, such as HIV and malab-
sorption syndromes; excess consumers of alcohol, cigarettes, or illicit substance abusers; and those
taking medications that may interfere with the absorption and/or metabolism of nutrients.

While vitamins are discussed here individually, including their deficiency symptoms and clinical
uses, it should be noted that isolated vitamin deficiencies are rare, as are scientifically proven
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benefits of supplementation. Symptoms described for primary vitamin deficiencies (e.g., pellagra
or beriberi) are unlikely to be seen in clinical practice in developed countries (except in rare cases
of extreme nutritional depletion), but mild relative deficiencies of individual or multiple vitamins
may be more common than we suspect. This is because many of the vitamins work synergistically
together making clinical efficacy for individual supplements difficult to establish. For example, folic
acid, Bs, and By, have been used together to lower homocysteine levels (with unclear benefits to
cardiovascular disease). Riboflavin is involved in pyridoxine, niacin, folate, and vitamin K metabo-
lism. Vitamins C, E, and selenium have been tested as an antioxidant “cocktail” but have not
reduced cancer incidence or recurrence. In spite of numerous negative clinical trials, patients
continue to optimistically consume supplements in efforts to treat or prevent disease. Many patients
feel better taking vitamins, and attempts to convince them of their lack of utility are unlikely to be
worth the effort. Even lacking clinical trial data, it is impossible to prove that a specific supplement
is not effective in a particular individual. Given our current inability to determine individual
vitamin requirements, more specific advice regarding helpful vitamin or mineral supplementation
for specific patients awaits the development of individualized medicine (which will continue during
the practice lifetime of the student readers of this text).

Vitamin Intake Standards

Vitamin and mineral requirements change throughout the stages of life. The Food and Nutrition
Board of the National Research Council established a Recommended Daily Allowance (RDA) for
most nutrients based on a review of published scientific data. A considerable body of knowledge
exists for certain vitamins and minerals, and RDAs for various gender and age categories have been
established. The RDA levels are set at two standard deviations above the mean requirement to cover
the needs of practically all healthy persons.

It is important to note two caveats with regard to these recommendations. The first is that sug-
gested levels were established for groups of healthy people. Thus, the requirements of any specific
individual or for those with special nutritional needs due to medical conditions are not addressed.
Second, the RDAs were developed with prevention of classic nutrient deficiencies in mind, rather
than health enhancement or optimization of well-being. Active areas of research include developing
vitamin requirements for patients with acute or chronic disease and determining the potential for
supplements to improve health.

To address the changing needs for information, the Institute of Medicine of the National Academy
of Sciences established the first Dietary Reference Intakes (DRIs) in 1997. The new DRIs move
beyond the traditional RDAs to focus on the prevention of chronic disease. See Tables 2-1, 2-2,
and 2-3. Dietary Reference Intake is a collective term that refers to three nutrient-based dietary
reference values for every stage of life and both genders in addition to the conventional RDA:
Estimated Average Requirement (EAR), Adequate Intake (AI), and the Tolerable Upper Intake
Level (TUL).

Estimated Average Requirement (EAR)

The EAR is the most useful DRI for assessing the nutrient intake of a population. This is the daily
intake expected to meet the requirement of 50 percent of individuals in a particular life-stage and
gender category. Individuals are advised to take in the EAR plus two standard deviations (the RDA)
to ensure that their intake is adequate. An individual whose mean intake is below the EAR is, on
average, getting insufficient amounts of that nutrient.

Adequate Intake (Al)
The Al is an approximation of the average nutrient intake by a population or subgroup that seems
to be healthy and not at increased risk of a particular chronic disease. The Al is a rough equivalent


http://c2-tbl-0001
http://c2-tbl-0002
http://c2-tbl-0003c2-tbl-0006

51

Chapter 2 Vitamins, Minerals, and Dietary Supplements

(panunpuod)

«GT «0€ S & ooV Sl vL 1L 1L «06 sl «Gl St 00£ Ros<
«GTY «0€ S & oot Sl vL 1L 1L «06 sl «0l SL 00£ Aos-1s
«GTY «0€ S vz 00t €l vL 1L 1L «06 sl S SL 00£ Aos-1€
a7 «0€ S vz 007 €l vL 1L 1L «06 Sl S SL 00£ Aog-61
«001 xS %G e 001 <l 7L oL 0L G/ 15 %G <9 00L Agl—t71
«GLE <02 7 8L 00€ ol (4" 60 60 «09 1L S st 009 Ael-6

s9jewad
«0SS «0€ S & ooV Ll 9l €l 4l «0T1 Sl Gl 06 006 Aor<
«0GS «0€ S & oot L 9 €l L «0Z1 sl «0l 06 006 Aos-1s
«0GS «0€ S vz oot €l 9l €l (4" «0T1 sl S 06 006 Aos-1€
«0GS «0€ S vz ooy €l 9 €l (4" «0T1 sl S 06 006 Aog-61
«0SS «ST S vz ooV €l 9 €l (4" «SL sl S SL 006 Agl-vL
«GLE <02 7 8l 00g ol 4 60 60 «09 1 %S (% 009 Ael-6

s9|e
<052 <l <€ (4 002 90 8 90 90 «GS L %S (14 ooV Ag-v
«007 «8 «C 60 o0sL S0 9 S0 S0 «0€ 9 S sl 00€ Ae-1

uaIp(IyD
«051 «9 «8'1 «G0 %08 «€0 «F <70 «€0 45T S S «05 «00S owzl—L
«GT1 S A 70 %G9 «l0 «C «€0 «70  £0C 7 S «0b «00v ow9-0

sjueju|
(p/Bw) (p/67) (p/Buwi) ppY (p/6v)  ,(p/BM) (p/bw)  (p/6w) (p/Bw)  (p/Bw) (p/BY) M ,(p/Bw) I Lq(p/BT) @ (p/Bw) D . (p/BY) v dnoip

sUlloyd unolg diusyjojued c'guiwieldl\  djejod ‘guiwedA  UDBIN  UIAB[JOQIY  Ulwelyl  UlWeMA  UlWelA ulweppA  ulweyA  ulwenp  9bels sy

(S9IWBPEDY [BUOIIEN 'SUIDIPSIA JO SINHISU| ‘PIeOg UOIINN PUB POOH) SUILURYA ‘S[ENPIAIPU| 1O} SIX3BIU| PIPUSWILIOISY i(S|MA) S9xeIU| 9oUaIaay Alelald L-z d|qeL


http://c2-note-8004
http://c2-note-8005c2-note-8006
http://c2-note-8007
http://c2-note-8008
http://c2-note-8009
http://c2-note-8010
http://c2-note-8011
http://c2-note-8011
http://c2-note-8012
http://c2-note-8012
http://c2-note-8012
http://c2-note-8011
http://c2-note-8011

52 Part | Fundamentals of Nutrition Assessment

'30N1 [BJNSU B} JO UONBWLIO) 4O} SUill [BIIMD ayl—polad [euondsduodiiad

93U} JO PUD 3y} J31e SINJDO AjLIeUIPIO YdIym ‘a1ed [ereuald Ja3ua Asy) pue pawiipuod si Adueubaid J1ay} un pooy paiitoy Jo syuswajddns woiy 610y BUILUNSUOD SNUIRUOD |[IM USWOM eyl PAWINSSe SI 3
"J2Ip PalieA B WOJ4 31e|04 POO) JO S3elul 0}

‘Sn1a} Ay} Ul S}D349P 3N} [eIN3U YHM axelul 91e|of BUINUl| 92USPIAS JO MIIA UJ,
‘2lg BululeuOd

1uawsddns e Jo ¢'g yum paiyinio) spooy Buiinsuod Aq Ajulew yay Jiayl 198w 0} sieak 0g Ueyl JSp|o 8Soy) Joj 3|gesiApe Si )i ‘Z'g punog-pooy qiosgelew Aew sjdoad Jspjo jo Juadiad Qg 01 0| asnedag,

‘sobe)s 9say1 JO WS 1€ sisayluAs snousbopus

Aq 19w aq ued Juawalinbal auljoyd ayl 1ey} g Aew 1 pue ‘s|dAd a4l Y} Jo sabels ||e 1e papaau si auljoyd Jo Ajddns Alelalp e Jayieaym ssasse O} elep Ma} aIe I3y} ‘BUIjoyd J0} 135 UG dARY S|V YBNOoyl s
“yoewols Aidwa ue uo uaxey sws|ddns e Jo B1ig g = pooy Yyim pawnsuod 1uswa|ddns e se 0 POO4 PO WOl pe 1|0} Jo 6119 g = ajejof pooy 611 = 34q | *(34Q) stusjeainba siejo} Alelaip sy,

‘(3N 30U) uPelu pawlojald = sypuow 9—0 ‘ueydoydAil Jo Buwpg = upelu jo Bui | (IN) Slus(eAINba uDelu Sy,

‘sJuswa|ddns pue spooy PaII1Io) Ul pUNOy Os[e (j01aYdo30}-0-G5S PUB ~SYS -4SS ‘-yYS) [0134d0d01-0 JO SWIO} DUSWOSIOBIR]S-SZ SY} SpN|aUl 10U SB0P | “siuswa|ddns pue Spoo} paiyiio) Ul JNd20 eyl
(1018yd0201-0-SSY PUB -SYY ‘-YSY -44¥) 1042Yd0d01-0 JO SWIOJ JLBWIOSIOBIB]S-YZ BY) PUE ‘SPOOJ Ul Ajleinieu sinddo 1eyl [01aydod0l-o Jo wioj Ajuo sy} ‘|0saydod0)-0-yyy sapnjaul [01aydodol-o ‘joiaydod0l-o sy,
yb1juns 01 aunsodxs s1enbape Jo dUSsAe BY} Ul,

‘g ulwelA N0y = |osayd[edsjoyd Brl | oiaydieds|oy ),

‘Y Se BWes 3y} S\ UlwelA pawlojaid Joj Jvy Syl sealsym ‘(3y)

S}uajeAINba [ounal ueyy Jaiealb pjoj-omy S| spioualoled  ulwenrold Aelaip Joj 3y ayL ulyiuexoydAid-g bz 1o ‘susjoied-o briyz ‘ausiosed-g briz| ‘jounas bl = vy | (SIVY) SIUSEAINbS ANANDE [ounRl SY,
“9xelul siyy Aq paianod

slenpiAlpul jo abejuadiad ayy aduspiuod Yum Aydads o1 sjge buiag Juanaid eyep ayi ul Ajuienadun Jo elep Jo 32e| Ing ‘dnoib 3yl ul S|ENPIAIPUL [|B JO SPaau JaA0d 0} paAsljaq s sdnolb Japusb pue abels s Jay1o
10} | 9y "9elul UeSW BY1 S |V Y} ‘SIUBUI pajisealq Ayijeay Jo4 “dnolb e ul slenpiaipul (usdiad 86 O} /6) |[B 1SOWI[E JO SPaaU Sy} 199U 0] 135 3Je SyYQY "93eIUl [enpIAIpUl o) S|eob se pasn aq yloq Aew sy pue
Syay '(x) Jsuaise ue Aq pamojjo} adAy Aleulpio ur (sy) saxeiu] lenbapy pue adAy pjoq ul (SyQy) seduemojy Aieaig papuswiwoday siuasaid (npadeummm aas ‘spodal [y@ ayi Woiy uasey) a|gel siyl 310N

UONIPPE Ul SPOO) PaI}III0} Jo siuawalddns wouy 61 got awnsuod jueubaid buiwodaq o ajgeded USWOM |je 1ey} PIPUSILWODRI S|

+09G *GE xL 8'C 00s 0T Ll 9l i %06 6l xS ozl 00€l Kosg-1€
+0GS xSE xL 8'C 00S 0C Ll 9L Vi %06 6l xS ozl 00€l Koe-61
+0GS xSE xL 8'C 00S 0C Ll 9L v *SL 6L %S SLL oozl AgL>
uonee]

+0St *0€ x9 9T 009 6L 18 7L v %06 SL xS S8 0LL Kos-Le
0S¥ x0€ %9 9T 009 6L :18 7L v +06 SL %S S8 0LL Kog-61
0S¥y x0€ %9 9T 009 6L :18 7L v F=7A SL %S 08 0SL AgL>
foueubaid

(p/6w) (p/6v) (p/6w) pPY (p/67)  (p/6M) (p/6w)  (p/Bw) (p/bw)  (p/Bw) (p/6M) ) (p/Bw) 3 L4(p/B) @ (p/Bw) D (p/6M) v dnoip

ulloyd unolg >Jlusylojued guiweMA  93ejo4 guiweldA  UDPBIN  UIABOQIY UlWelYy] UlweysA  UlweyA ulweyp  ulweMA  ulwenp  abeys oy

(panunuod) L- 8|qeL


http://c2-note-8004
http://c2-note-8005c2-note-8006
http://c2-note-8007
http://c2-note-8008
http://c2-note-8009
http://c2-note-8010
http://c2-note-8013
http://c2-note-8013
http://c2-note-8013
http://www.nap.edu

53

Chapter 2 Vitamins, Minerals, and Dietary Supplements

‘npa deummm eiA passadde aq Aew spodal asay] “(100Z) dUlz pue ‘wnipeuep ‘uodijiS ‘oX2IN ‘wnuapgAjopy ‘esauebueyy ‘uod| ‘sulpoj 4addod

‘WINIWOIYD ‘U0IOg IUBSIY Y UIWBNA ‘Y UlWe)iA o) saxeju| acualayay A1e1aig pue ((0007) sp/ousjoied pue ‘wniusias ‘3 aulwel D ulwel) 1o) saxyelu| edualayay Aielsiq (866 1) suljoyd pue ‘uiolg ‘py
JIUBYI0IUBY ‘Tt UILIRLIA ‘91Ej0 '°g UIBIA ‘UIDBIN ‘UIABIOQIY ‘UIWBIY ] 104 SoYelu| 9dusiajay A1elalq ((L661) SpLonj4 pue ‘q ulweA ‘wnissubeyy ‘snoioydsoyd ‘wnidjed Joj saxyeju| aduaiayey A1e1aig :S3d¥nos
"9Xe1ul SIYl AQ paaA0d slenpliaipul Jo abejusdiad syl aduspluod yum Ajpads o1 ejqe Buleq 1usraid elep ayy ul Ajuienisdun Jo elep Jo ye| Ing ‘dnob ay) ul S|enpIAIpul |[B JO SPIauU JBA0D

0} panaljaq sl sdnoib sapuab pue abels a4l JBY10 IO | BYL 91Ul Ueaw 8y} Si | 8y} ‘Siuejul pajisealq Ayyeay Jo4 “dnoib e ul sienpiaipul (Jusdiad 86 01 /6) [|B 1SOW|e JO Spaau ay} 199W O} 135 ale SyQy "a3elul
|enpIAIpul 104 S|eob se pasn ag Yloq Aew S|y pue Syay ‘() 3sue1se ue Aq pamojjoy adA) Aleuipio ul (s)y) sexeiul a1enbapy pue adAy pjoq ui (SyQy) seouemo||y Alelalq papuswiwoday syuasaid a|gel siyl :3LON

zl 0L 00L 0S x9'C oze 6 062 3 00€L xG¥ x0001 Ros-1€
[4" 0L 00L 0S x9'C OLE 6 062 3 00€L xG¥ x0001 Roe-61
143 0L 0SZ'L 0S x9'C 09€ oL 062 x€ 00€L M4 x00€1 AgL>
uolee
L 09 00L 0S x0'C 09€ Lz 0zz 3 oooL x0€ x000'L Ros-1€
L 09 00Z 0S x0'C 0S€ LT 0zz x€ oooL x0€ x0001 Roe-61
€l 09 0SZ'L 0S x0'¢ (1[0} Lz 0zz x€ 0ooL x6¢ x00€1 Ag1>
foueubaid
8 SS 00L 4 %81 oze 8 0sL x€ 006 x0¢ x00¢1 RoL<
8 SS 00Z 14 %81 oze 8 0sL x€ 006 x0¢ x00¢1 Roz-1s
8 SS 00L 14 x8'1 oze 8L 0slL x€ 006 T4 x0001 Aos-1¢€
8 SS 00L 14 %8l oLE 8l oslL 3 006 *G¢ x0001 Aoe-61
6 SS 0sZ’L 134 %9l 09€ Sl 0sL x€ 068 *¥¢C x00€1 AgL-1
8 ov 0SZ'L 143 %9l ove 8 ozl xC 00L xlC x00€1 Ael-6
Sajewa4
L SS 00L 54 x€C ozy 8 0sL M 006 x0€ x00¢1 RoL<
L SS 00Z 4 x€'¢ ozy 8 0sL M 006 x0€ x00¢1 Roz-1s
L SS 00Z 14 x€'¢ ozy 8 0slL MY 006 xGE x0001 Ros-1¢€
L SS 00L 14 M4 00t 8 0slL M 006 xGE x0001 Aoe-61
L SS 0sZ’L 134 x('C oLy L 0sL *€ 068 *GE x00€1 Agl-vL
8 ov 0sZ’L 143 x6'L ove 8 ozl xC 00L T4 x00€1 Ael-6
SETEIN
S 0€ 00s [44 %Gl 0€l oL 06 xl (1124 xGl x008 Ag-v
€ 0z 09t Ll ('L 08 L 06 xL'0 ove xLl x009 Ae—1
usipiiy>
€ x0¢ *GLC 3 %90 xGL *Ll +0€1 xG'0 x0¢C xG'§ x0LC owzl-,
xC xGl *001 xC x€00°0 x0€ xLC0 *0Ll %100 +00¢ xC0 x0l¢C owo9-0
SlueyU|
(p/6w) (p/6) (p/Buw) (p/6) (p/6w) (p/6w)  (p/Bw)  (p/67) (p/Bw)  (p/b7) (p/B)  (p/Bu) dnoig
Julz wniua|ds snioydsoyd wnuapgAjon asauebuely wnisaubepy uoJ| auipo|]  8puon|y4 1addo) wniwoiyd wnpje)  abeis a7

(S9IWBPEDY [BUONEN ‘SUIDIP3IAl JO 3INYISU| ‘PJROg UOILIINN pUB POO4) SJUSWS|3 ‘S|eNPIAIPU| 4O} SXelU] PIPUSWWIOIRY (SIMA) So3eIU| 9dUIajey Ale1alq g-z o|qelL


http://www.nap.edu

‘)ejul

4O s[2A8| Ybiy Jusnaid 03 AjUO POO) WOIY 3G PINOYS 8XBIUI JO 8DINOS “SJUNOWEe SSadxa d|puey 03 Ayjige Jo 3de| 03 piebal yum uisduod pue dnolb abe siy} Ul S1Daj8 9SI8APe JO lep JO De| O} aNp 8|qeulwlalap 10N = aN,
"ASUBID13P 7 UILUEYIA JO %S 1B S|ENPIAIPUI JO} 82IN0S 7/ UlWelIAoId e Se 9AI8S 0] Ajuo pasiape aie syusws|ddns susjoied-¢,
"OM} 8Y} JO UONEUIGUIOD B IO SPOO} Palyiio} sjuswalddns wol) paulelqo swioy diayiuAs oy Aidde siejoy pue uidelu 3 UlWeyiA 10} STNL 8Yl,
‘losaydodol-o |eyuswslddns jo wioy Aue o} saldde ‘josaydod0l-v sy,

‘Aluo v uiwen pauiiogaid sy,

‘soejul

PaPUSWILIODAI BAOGE S[aA3] BUILUNSUOD Ul "pajueLiem aq Aeul UOIINED BIIXd STNL O 9IUISR dY} U] "SPIOUS}0IED JO Ujolq pioe diudylojued g UiWelA UIARJOGH UILLEIY} Y UILUBYA IO} PaysI|geIsa 3q J0u pjnod SN L eep
9|qelns 4o 3}de| 0} "anq ‘syuawid|ddns pue 19}em Poo} WO} eIl (B0} SJUSsaIda) JNL SY) PaIyDads SSIMIBYIO SSBIUN "SII9D 3SISAPE JO sl ou asod 0} Aja3i| sI 1ey) a3elul JUSLINU Ajlep JO [9A3] WNWIXew 3yl = N L.

an S€ an an an 0001 00l 93 an an an 0001 0S 0002 000€ Aos-61
an o€ an an an 008 08 o€ an an an 008 0s 0081 0087 Ag1>
uonepe

anN SE anN anN anN 0001 0ol 13 aN anN anN 0001l 0S 000¢ 000€ Aos—61
anN o€ anN @]\ @]\ 008 08 o€ anN anN anN 008 0S 0081 008¢ AgL>
foueubald

an S'€ an an an 0001 00l 13 an an an 0001 0S 0002 000€ Aos<
an se an an an 0001 00l 13 an an an 0001 0S 0002 000€ Ros-61
an o€ an an an 008 08 og an an an 008 0S 008l 0087 Agl-v1
anN 0¢ @]\ anN anN 009 09 0¢ anN anN [\ 009 0S 0o0¢zlL 00L1 Ael-6
sa|ewsa saleN

an ol an an an 00t oy Sl an an an 00g 0S 059 006 A 8
an ol an an an 00€ o€ oL an an an 00 0S 00t 009 Ae-L
uaIp|iy>

anN [\ anN anN anN anN anN @]\ anN anN anN anN 14 @]\ 009 owzl-,
anN [\ @]\ anN anN @]\ anN @]\ anN anN [\ @]\ 14 4aN 009 ow9-0
syuejul
2Splou (p/6) ppY o(p/67)  (p/Bw) °g (p/6w) w(p/6w) 3 (p/67) @ (p/Bw)> 4 (p/BT) v dnoug
-2j0ie)  Buloyd  unolg  dudylojued g UlWeNA ajejoy ulwenp UDBIN  UIABJOqIY  UIWEIYL ) UIWEUA ulwenp ulwepn ujwenA ulwepn abels oy

(S2IWBPEDY [UOIEN ‘BUDIPIIA JO S1INMISU| ‘PIeOg UOIIIINN PUB POOH) SUIWBNA ‘(;1NL) S|2AST o3elul Jaddn a|geis|oL :(S|Yq) SaxeIU| Uiy Alelalq €-Z djgeL


http://c2-note-8015
http://c2-note-8016
http://c2-note-8017c2-note-8018
http://c2-note-8018
http://c2-note-8018
http://c2-note-8019
http://c2-note-8020

‘npa°deu'mmm eia passadde aq Aew spodal 3say] (1007) dUlZ pue WnipeueA uodijis [2YIN wnusapgAjop

asauebueyy uol aulpo) 4addoD WNWoIyD UoIOg JIUSSIY ¥ UIUBA Y/ UILe)A 104 SOYeIU| 9Udidyay A1eaid pue ((0007) SPIouaiosed pue wniudjas 3 SUIWENA D UIWENA 104 sayejuj adualayay A1e3aiq (8661) auljoyd
pue unolg pidY dIusyi0lUey T'g UILBNA 91j04 °F UIUEYIA UIDBIN UIABLHOQIY UIEIY] 10} Sayeluj 82ualajay A1e1aiq (L661) apLonj{ pue g uiwel wnisaubeyy SsnoJoydsoyd wnidjed 1oy sayeju| aduaiaey A1eaiq Sidunos
‘el

10 sjana] ybiy 1uaA1d 01 AJUo POO) WO} g PINOYS S3E1UI JO 3INOS “STUNOWE $S80Xa 3|puey 01 Alljige o 2e| 01 pJebal Yum uiduod pue dnob abe Siyl Ul S199}48 8519APe JO B1ep JO 32e| 01 anp 9|qeulwa1ap 10N = dN,
"SJUSDSI|OPE PUB UBIP|IYD J0U ING SYNPE 4O} TNL € 335 0} Pasn aq PINOd B1ep SIy} pue sjewiue A10}eioqe| Ul S}Iay asianpe

Uo paseq sl ML dYL "UOHNED YIM pasn aq pjnoys siuawa|ddns wnipeuea pue pooj 0} WnipeueA buippe 104 UONEdIISN OU SI 313y} SUBWNY Ul S199}43 9SI9APE aSNED 0} UMOUS Ud3( JOU Sey pooy Ul Wnipeuea ybnoyy|y,
"suawalddns 0} UodIjis buippe 1o} UoedIISNI OU SI 9J3Y) SUBWNY Ul S1D3)J3 3SI9APE aSNED 0} UMOYS Udad 10U Sey Uodljis ybnoyljy,

J9)eM puEe POOJ WO} XUl 9pNPUI 10U op pue Ajuo juabe [edibojodewueyd e woly axejul Juasaidas wnissubew 1oy sTNL 3y,

“suawa|ddns 1o pooy 0} diuasie Bulppe Joj uonedsnl ou Si aIay) JIUISIE 10} PAUILLISIAP 10U Sem TN L Y} Ybnoy|y,

'S9YEIUI PAPUSWILIOIA SAOGE S|9A3| BUILINSUOD Ul pajueLiem 3q Aew UORNED BJixd SN L JO 9DUISCe 3y} Ul “UODI[IS pue WNIWOoIYD JIUSSIe 104 PAYS||qelsa g Jou pjnod sNL

e1eP 3|gRHUNS JO B[ 0} anQ "SiuaWS|ddNS puUe Ja}em POO} WOL4 3XBIUI [BI0} SUSSBIAD] TN L BY} PaIIDAds SSIMIBUIO SSIIUN "SII9}d SIBAPE JO sl ou asod 03 Aj@yI| SI Jey3 axeiul Juaunu Ajiep Jo [9A9] WNWIXeWw 3yl = TN L.

or anN an (0[0)4 14 0l 000¢ Ll 0S€ Sy 00L1L ol 00001 anN SC 0¢ an Aog-61
143 anN anN ooy 14 o'l 00LL 6 0s€ Sy 006 ol 0008 anN ST Ll anN AgL >
uolnee]
oy anN an 0ot SE 0l 0007 Ll 0S€ Sy 00LlL ol 00001 anN ST 0T an Aos-61
143 anN an 00t S€ 0l 00L1L 6 0S€ Sy 006 ol 0008 anN ST Ll anN AgL>
foueubaid
o 8l anN ooy € o'l 000¢ Ll 0S€ Sy 00LL ol 00001 anN ST 0¢ an Ros<
o 8l anN oov 14 o'l 000¢ Ll 0s€ Sy 00L1L ol 00001 anN S¢ 0¢ an Koz-61
143 anN an 0ot ¥ 0l 00LL 6 0S€ Sy 006 ol 0008 anN ST Ll an Agl-vL
€¢ anN an 08¢ 14 90 00lL1L 9 0S€ oy 009 ol 0005 anN SC Ll an Ael-6
S9ewa4 Saje
4 anN an 0sl € €0 009 € oLl or  00€ (4 000€ anN SC 9 an Ag-v
L anN an 06 € 0 00€ 4 59 oy  00¢ €l 0001 anN ST € an Ae-1
uaipiiyd
S anN an 09 aN anN an an anN or an 60 aN anN an anN an owzl-,
14 anN an 14 anN anN an an anN or an L0 anN anN an anN 4aN ow9-0
sjueu|
(p/6w) o(p/6w) (p/67) (p/6)  (p/Bu) (p/6m) (p/6w) S(p/Bw) (p/6w) (p/6v)  (p/Bw)  (p/67)) (p/6)  (p/6bw) dnoup
SulZ wnipeuep  LUOdIIS  WNIUSIdS shioydsoyd [HPIN  wnuapgAjoly  assuebuely  wnissubely uoil aulpo] spuonjy Jaddod wniwoly) wnpjed uoiog  PIUBSIY abels aj17

(S91WaPEdY [BUOIIEN ‘SUDIPSIAl JO SINHISU| ‘PIEOg UOIIIINN PUB POO) SIUSWS|T ‘(;1NL) S|oAaT xelul jaddn 3|qels|oL (SIYd) SaXeIu| Uiy Aieialg (panuiuod) €-z d|qeL


http://c2-note-8021
http://c2-note-8022
http://c2-note-8023
http://c2-note-8024
http://c2-note-8025
http://c2-note-8026
http://www.nap.edu

56 Part | Fundamentals of Nutrition Assessment

of the RDA, but is based upon estimation where adequate data for determining an EAR are
unavailable.

Tolerable Upper Intake Level (TUL)

The TUL is the level of daily nutrient intake that is unlikely to pose risks of adverse health effects
to almost all (97 to 98 percent) individuals in a specified life-stage and gender group. These levels,
taken together, allow one to estimate a range of safe levels for supplementation.

The Vitamins

Vitamin A

Vitamin A is a group of fat-soluble compounds that includes retinoic acid, retinol, and carotenoids.
Retinol, also known as pre-formed vitamin A, is the most active form and is found mostly in foods
of animal origin. Beta-carotene, also known as provitamin A, is the most common of the plant
carotenoids, and is converted in the body to retinol.

Forms and Absorption Following ingestion of beta-carotene (or other carotenoids), the body
enzymatically cleaves some of these compounds to retinol, which is esterified in the intestinal cell
to retinyl esters that, along with the remaining carotenoids, are incorporated into chylomicrons in
the enterocytes for transport into the lymphatics and eventually the blood. Dietary retinyl esters
follow a similar path and are likewise incorporated into chylomicrons, eventually delivering the
retinyl esters and carotenoid pigments to the liver for storage. When a particular part of the body,
such as the eyes, requires vitamin A, the liver releases the retinol, bound to retinol binding protein
(RBP).

Function Vitamin A plays an essential regulatory role:

o in the development or maintenance of the mucus membranes, cornea, and conjunctiva in
the eye,

o in a process known as phototransduction; all-trans retinal is linked to a protein to form rho-
dopsin in the rod cells and iodopsin in the cone cells of the retina; these cells are required for
night vision and the perception of color in bright light,

o in the normal integrity and growth of skin and tissue cells, including the mucus membranes of
the moutbh, intestinal, respiratory, genitals, and urinary tracts,

o in the production of keratin, a component of skin and epithelia,

o in the form of all-trans retinoic acid, which assists in the functioning of testicles and ovaries and
aids in the development of the embryo,

« as an antioxidant (many carotenoids function as antioxidants).

Retinol Equivalents Vitamin A is ingested either as pre-formed vitamin A (retinol or retinyl
ester), or a beta-carotene that can be split into retinol in the intestine. Beta-carotene is the most
abundant carotenoid present in green, yellow, and orange fruits and vegetables. Due to inefficient
conversion, 12 pg of beta-carotene in food yields only about 1pg retinol, and therefore a serving
of food that contains 12 ug of beta-carotene is said to contain 1 pg RAE (retinol activity equivalent;
older literature uses a similar concept with the abbreviation RE, for retinol equivalent). Because
other carotenoids are even less efficiently converted to retinol, 1 g RAE equates to 24 pg of these
other carotenoid species.

International units (IU) are also used to express the amount of vitamin A in supplements and
occasionally in foods; 1001U of retinol in supplements translates to 30 g RAE, while 1001U of
beta-carotene equates to 5pg RAE.
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Deficiency Vitamin A deficiency is one of the most common forms of malnutrition worldwide,
with infants and young children most affected. Primary deficiency is due to inadequate intake of
vitamin A and its precursors, whereas secondary deficiency occurs from poor absorption of fat-
soluble vitamins, which may occur in patients with cystic fibrosis, Crohn’s disease, tropical sprue,
or liver disease, or in those with excessive alcohol intake.

Clinical problems associated with vitamin A deficiency include perifollicular hyperkeratosis,
night blindness, xerophthalmia (which can progress from conjunctival thickening to corneal ulcer-
ation and eventual irreversible blindness), and impairment of both humoral and cell-mediated
immunity; this latter effect is known to increase mortality from certain infectious diseases, such
as measles, in developing countries.

Toxicity Chronic excesses in vitamin A intake of 30 mg/day (100,000IU/day) or acute doses of
150 mg (500,000IU) can cause a variety of symptoms ranging from bone and skin changes and
liver abnormalities (hepatomegaly) to headache, nausea, vertigo, blurred vision, and lack of muscle
coordination. Recently, attention has been directed at elucidating whether chronic vitamin A intake
only modestly higher than recommended levels might have adverse effects on bone health and the
risk of osteoporosis. Research results have been mixed and complicated by inadequate measures
of vitamin A status. However, vitamin A intake tends to be adequate or more than adequate in the
United States, and supplementation with preformed vitamin A resulting in total intake which
exceeds the RDA should be discouraged. A recent case of hypervitaminosis A which resulted in
liver damage, was caused by ingesting a combination of a nutrition shake as a meal replacement
and multivitamins over an extended period of time.

Consuming too much vitamin A, especially retinoic acid, during the first trimester of pregnancy
can cause birth defects to the developing embryo. Therefore, women who are using vitamin A for
the treatment of acne, or for other purposes, require reliable forms of birth control.

Because only limited amounts of carotenoids are converted to vitamin A, excessive intake of
beta-carotene has not been shown to produce toxic effects. People who consume large doses of
beta-carotene, either through dietary sources or supplements, may develop a yellow tinge to the
skin. This carotenosis, commonly seen in babies whose caretakers give them squash and sweet
potatoes as their predominant early solid food, has no harmful effects. While many in vivo and in
vitro studies have supported a link between vitamin A and the treatment of epithelial cancers,
intervention trials have been disappointing.

Supplement Issues Certain forms of vitamin A, specifically the all-trans form of retinoic acid,
have proven useful for the treatment of dermatological disease such as acne and psoriasis, presum-
ably because of their effects on gene expression and cell differentiation. Retinoic acid has also been
found to be effective in the treatment of acute promyelocytic leukemia; however, studies attempting
to establish a role for retinoic acid in the treatment of other cancers have generally been disap-
pointing. Retinol supplementation has been shown to decrease the risk of melanoma in women
but there was no reduction in those with a higher dietary intake of retinol or those taking carote-
noid supplements. High serum levels of vitamin A have been linked to a lower incidence of non-
Hodgkins lymphoma and vitamin A supplements have been shown to decrease the risk of cervical
cancer in women. While higher serum levels of carotenoids have been associated with a lower risk
of coronary heart disease (CHD), randomized trials of beta-carotene have shown no benefit for
the prevention of acute myocardial infarction (AMI). Long-term use of a multivitamin supplement,
however, has been linked to a decrease in the rate of heart attacks in women with no history of
previous cardiovascular disease.

Vitamin A plays an important role in the health of children. Children with sickle cell disease
(SC) have been shown to have lower serum vitamin A levels but supplementation with the recom-
mended daily amount did not improve the vitamin A status. This suggests supplementation at larger
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than recommended amount may be needed to correct blood levels for those with SC. Vitamin A
is commonly prescribed to nursing mothers who might be deficient to improve the health of the
baby and reduce morbidity and sickness in parts of the developing world. Vitamin A supplementa-
tion has been shown to result in a decrease in hearing loss in children at risk for poor nutrition.
Pre-term birth caused by bacterial vaginosis was reduced with vitamin A supplementation. Lung
function was improved for children from an undernourished population when the mother had
taken a vitamin A supplement during pregnancy.

Vitamin A Food Sources See Appendix A.

Vitamin D

Vitamin D is a fat-soluble vitamin, naturally occurring in two forms: vitamin D, (ergocalciferol)
and vitamin D; (cholecalciferol). Vitamin D, is a plant or yeast steroid commonly used to fortify
milk, while vitamin D; is from animal sources or produced in the skin upon exposure to adequate
amounts of sunlight. Recent literature reviews indicate that these two forms may not be equivalent;
one study concluded that vitamin D, potency is less than one-third that of vitamin D;. Over the
past few years there has been an explosion of research on the importance of vitamin D and the
health effects of marginal levels. This has led to a marked increase in healthcare providers measur-
ing and correcting serum vitamin D levels in their patients.

Forms and Absorption Since vitamin D is fat-soluble, some fat is required in the diet for its
absorption, and fat malabsorption conditions adversely affect vitamin D absorption. Once absorbed
it is transported to the liver as a component of chylomicrons or bound to vitamin D binding protein
(DBP), where it undergoes hydroxylation to 25-hydroxy vitamin D [25(OH)D or calcidiol]. Further
conversion to its physiologically active form, 1,25-dihydroxy-vitamin D [1,25(OH),D or calcitriol],
takes place in the kidneys or in target tissues. The synthesis and metabolism of vitamin D are closely
coupled to calcium homeostasis; therefore, when calcium levels in the blood are low, the body
releases parathyroid hormone (PTH), which stimulates the kidney to convert 25(OH)D to
1,25(0OH),D. Elevations in 1,25(OH),D stimulate the gastrointestinal tract to increase calcium
absorption from about 10 to 30 percent and phosphorous absorption from about 60 to 80 percent.
Serum 25(OH)D is the best indicator of vitamin D status. It reflects vitamin D produced cutane-
ously and that obtained from food and supplements, and has a half-life of 15 days.

Units The most common unit reported for vitamin D is International Units (IU). Vitamin D may
also be listed in micrograms (pg). Use the following conversion: 1pg = 401IU.

Functions Vitamin D plays an essential regulatory role in:

« intestinal absorption of calcium and phosphorus,

« regulation of calcium and phosphorous deposition in the bones, teeth, and cartilage in children
and adults,

 maintenance of blood calcium and phosphorus levels,

« a variety of physiological functions, including immunity, neuromuscular functions, blood pres-
sure regulation, insulin production, reduction of inflammation, and apoptosis.

Deficiency Vitamin D deficiency can be due to impaired availability of vitamin D (inadequate
dietary intake or fat malabsorptive disorders, coupled with a lack of sun exposure) or impaired
metabolism (in the liver, kidney, or end organs). Serum levels less than 20 ng/mL are indicative of
low serum vitamin D. Groups with increased risk for low vitamin D levels are breastfed infants,
older adults, obese individuals (BMI > 30kg/m?®), people with dark skin, and those with limited
sun exposure. Five to 30 minutes of sun exposure between 10 a.m. and 3 p.m. at least twice a week
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without sunscreen has been suggested to provide sufficient vitamin D synthesis in temperate zones.
Studies in healthy college and medical students in Boston have documented deficient serum levels
at the end of winter. Strict vegetarians and those who have a milk allergy or lactose intolerance,
are also at risk. Older adults and seniors are at increased risk for vitamin D deficiency, especially
those who are bed-ridden or who live in nursing homes and so may not have adequate exposure
to sunlight coupled with inadequate dietary intake. Reduced levels of vitamin D in the second
trimester have been shown to increase the risk of pre-clampsia in pregnant women and have been
found in women with breast cancer.

Vitamin D deficiency results in rickets in infants and children and osteomalacia (softening of
the bones) in adults. Rickets causes retarded growth, swelling and tenderness at the ends of the
bones, and malformation of the joints. Rickets in infants also leads to a delay in the closure of the
skull bones, possibly leading to a larger skull (“frontal bossing”), as well as bowed legs, pigeon
breast, and beaded ribs (“rachitic rosary”) seen in older children. Osteomalacia may lead to pain
in the legs, ribs, hips, and muscles, and easily breakable bones. Osteomalacia may occur when
long-term anticonvulsant medications such as phenobarbital or phenytoin are taken because they
increase the liver’s breakdown of vitamin D. Individuals with chronic kidney disease often develop
osteodystrophy, secondary to the kidney’s inability to convert vitamin D to its active form and
hyperparathyroidism aggravated by the lack of activated vitamin D.

Toxicity Chronically elevated doses of vitamin D may lead to kidney stones, nausea, headaches,
weakness, anorexia, frequent urination, weight loss, irregular heartbeat, and weak bones and
muscles. Excess levels may also lead to an elevation in serum calcium, which can cause calcification
of soft tissues such as organs and blood vessels, possibly resulting in irreversible damage. In infants
and children, too much vitamin D can lead to retarded growth, rounding of the skull, mental
retardation, and death. However, excessive levels of vitamin D are believed to occur only through
the use of supplements rather than from food or too much sun exposure. The tolerable upper limit
for vitamin D has been established at 50 pg/day (20001U/day) but recently, vitamin D researchers
have questioned whether this level is set too low.

Supplement Issues Vitamin D supplements are available in two forms: D, and D;. Vitamin D,
has been shown to be more effective at raising and maintaining serum 25(OH)D levels. A meta-
analysis of randomized controlled trials indicated that vitamin D; supplementation led to a
decreased risk of all-cause mortality with a relative risk of 0.93. The mean daily dose was 528U
(with a range of 300 to 2000IU). Although the mechanism for this is unclear, studies have suggested
that the risk for certain cancers (notably colorectal and breast) may be significantly reduced in
individuals with higher than normal serum levels of vitamin D, corresponding to intakes of 1000
to 4000IU/day. Studies with supplement dosages at the current RDA levels (4001U/day) showed
no benefit, but arguments have been made that the RDA is too low and that the upper limit of
20001U/day is too restrictive and could be raised by a factor of five. Compounding the problem is
that the vitamin D content of most foods is quite low, and even 8 ounces of milk provides only
1001IU. Five to 30 minutes of sun exposure several times a week yields blood levels of vitamin D
much higher than is achievable orally, and is argued to represent the “natural” level for this vitamin.
The level of 25(OH)D has been shown to be affected by the types of fat in the diet when vitamin
D is taken as a supplement: those high in monounsaturated fats resulted in higher levels than those
high in polyunsaturated fats. In 2011, the Food and Drug Administration (FDA) warned consum-
ers to stop taking a vitamin D supplement called Soladek, due to several reported cases of vitamin
D toxicity.

Studies of the effect of vitamin D on fractures showed no benefit at the standard dosage of 400 IU/
day, but recent meta-analyses of studies using higher vitamin D dosages (8001U/day or greater),
when accompanied by significant calcium supplementation, show significant reductions in hip
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fractures (18 percent to 24 percent). (See Chapter 4 for current vitamin D recommendations for
infants and children.)

Inadequate levels of vitamin D have been associated with a number of prevalent health condi-
tions. Vitamin D has been shown to accelerate the resolution of the inflammatory response in those
receiving treatment for tuberculosis. Vitamin D supplements were also shown to decrease the
incidence of metabolic syndrome in young adults. Lower levels of vitamin D have been observed
in older women with heart disease, hypertension, and those who develop Alzheimer’s disease
compared to women of the same age without the disease. Reduced levels of vitamin D also were
observed in menopausal women with depression. A recent study that requires confirmation has
demonstrated reductions in blood pressure and measures of depression among women with type
2 diabetes.

Vitamin D Food Sources See Appendix B.

Vitamin E

Vitamin E is another fat-soluble vitamin group consisting of alcohol compounds called tocopherols
and tocotrienols. Each of these exist in alpha, beta, gamma, and delta forms for a total of eight
compounds with vitamin E activity. Each of the eight compounds have two racemic forms “d” and
“I so supplements are labeled “d-alpha” or “I-alpha” Of the various tocopherols, alpha-tocopherol
has the highest biological activity and only the d-isomer is physiologically effective.

Forms and Absorption Vitamin E is absorbed passively in the ileum, requiring the presence of
bile salts and dietary fat, as with all of the fat-soluble vitamins. Once absorbed, vitamin E is incor-
porated into chylomicrons for delivery to the liver and other tissues.

Functions Vitamin E plays an essential regulatory role in:

« antioxidant activity; protection of polyunsaturated fatty acids within cell membranes from
peroxidation,

« inhibition of cell proliferation, platelet aggregation, and monocyte adhesion,

« assisting in the maintenance of fertility.

Alpha-tocopherol has also been shown to inhibit protein kinase C, thereby promoting differen-
tiation of smooth muscle cells and potentially reducing the damage to endothelial cells caused by
blood-cell components adhering to them.

Deficiency Vitamin E deficiency is rare, except in people who cannot absorb fat, for example
patients with cystic fibrosis or pancreatic insufficiency. Clinical signs include neurologic dysfunc-
tion, loss of deep tendon reflexes, and diminished vibratory or position sense. A conditional
deficiency may be created in premature infants treated with oxygen who may develop retrolental
fibroplasias, leading to visual impairment and possibly blindness. This may be prevented by vitamin
E supplements. The National Health and Nutrition Examination Survey (NHANES) studies have
documented that most Americans seem to take in less than the RDA of vitamin E but this may be
inaccurate because of failure to adequately account for added fats and oils.

Toxicity Vitamin E is considered non-toxic except at very high doses. Reports indicate that very
large doses of vitamin E can interfere with the vitamin K formation of functional clotting factors,
resulting in hemorrhage. For this reason, large doses of vitamin E should be avoided 2 weeks before
and after surgery as well as when taking anticoagulation medications, such as Coumadin. It has
also been reported that premature infants may be especially sensitive to excess vitamin E, with
overdose resulting in hemorrhage and sepsis. The TUL for vitamin E has been established at
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1000 mg/day. Excess levels of vitamin E taken by pregnant women has been linked to an increase
in children with congenital heart defects.

Relationship to Disease Prevention Vitamin E is considered to be nature’s most effective lipid-
soluble antioxidant, protecting cell membranes from oxidative damage. Promising in vitro and
case-control studies led to vitamin E supplements becoming very popular to prevent heart disease,
but more recent large clinical trials have failed to demonstrate any benefit from vitamin E in reduc-
ing the risk of heart attacks or deaths from heart disease. Despite previous reports, recent studies
have shown that vitamin E supplementation has no effect on macrovascular outcomes or mortality
in diabetic patients who smoke. Daily supplementation with vitamin E has been reported to
increase the risk of prostate cancer in men. With disappointing results from alpha-tocopherol
studies, research interest (and speculative supplementation), has shifted to gamma-tocopherol, but
no large-scale studies on its efficacy are available. The theory is that alpha-tocopherol supplements
may be counter-productive because they cause lower serum levels of gamma-tocopherol.

Vitamin E Food Sources See Appendix C.

Vitamin K

Vitamin K is a fat-soluble vitamin that is obtained from dietary sources and is produced by intes-
tinal bacteria. Phylloquinone is the predominant form of vitamin K from dietary sources while
menaquinone is produced by gut micro-flora. The difference between the two forms has to do with
the side chain off of the napthoquinone rings.

Forms and Absorption Absorption of vitamin K occurs primarily in the proximal small bowel
and requires bile salts. Following intestinal absorption, vitamin K is transported by chylomicrons
for storage mostly in the liver.

Function Vitamin K is a required cofactor for enzymes involved in the post-translational carboxy-
lation of glutamate moieties in proteins involved in clotting and bone mineralization. Vitamin K
allows the formation of calcium-binding gamma-carboxyglutamate (gla) that binds calcium and is
required for the activity of factors VII, IX, X, and prothrombin as well as osteocalcin and gla matrix
protein. Additionally, anticoagulant proteins S and C require vitamin K for their activity.

Deficiency Deficiency of vitamin K in otherwise healthy individuals is rare, but may occur in
people with fat malabsorption or those on prolonged antibiotic therapy, due to the disruption of
the intestinal microbiota that produce vitamin K. Symptoms of vitamin K deficiency include signs
of impaired coagulation such as easy bruisability, mucosal bleeding, melena, and hematuria.

A recent observational study suggested that a low plasma level of vitamin K might be associated
with a higher prevalence of osteoarthritis of the hands and knees. Also, a meta-analysis of rand-
omized controlled trials suggested that vitamin K supplementation reduced bone loss, with a posi-
tive effect on fractures.

Infants are given a vitamin K injection at birth to prevent hemorrhagic disease. Infants intestinal
tracts lack the necessary bacteria to synthesize vitamin K adequately until approximately 1 week
after birth and the newborn liver is therefore unable to produce adequate levels of coagulation
factors.

Toxicity Toxicity to phylloquinone or menaquinone is virtually unknown, although allergic reac-
tions to mega doses of vitamin K have been reported. Severe jaundice may occur in infants treated
with doses of menadione. There is no tolerable upper level for vitamin K. Patients taking warfarin
(Coumadin) as an anticoagulant are cautioned to avoid marked changes in their intake of vitamin


http://urn:x-wiley:9781118652435:xml-component:w9781118652435a1:al-tbl-0003

62 Part | Fundamentals of Nutrition Assessment

K-rich foods or supplements since the dose of Coumadin is titrated to maintain a narrow range of
anticoagulation, which may be reversed by increased intake of vitamin K.

Vitamin K and Disease Prevention Studies of elderly patients with osteoporosis have demon-
strated greater rates of vitamin K insufficiency, but long-term clinical trials with vitamin K supple-
ments have produced mixed results regarding potential benefits in preventing osteoporosis. There
may be differences in obtained results based on the source of vitamin K (dietary vs endogenous).
Recent work indicates that very little of the vitamin K produced by intestinal bacteria is absorbed
and that fermented foods may be a better source of menaquinone.

Vitamin K Food Sources See Appendix D.

Ascorbic Acid (Vitamin C)
Ascorbic acid is a water-soluble vitamin commonly known as vitamin C. It is the least stable of all
the vitamins, and is easily destroyed during cooking and processing.

Form and Absorption The jejunum and ileum efficiently absorb vitamin C. The amount of
vitamin C in the blood is modulated by renal excretion, with levels exceeding the reabsorption
threshold being excreted in the urine.

Functions Vitamin C plays an essential role in:

o the formation of collagen, which is responsible for strengthening bones and blood vessels,
anchoring teeth into the gums, as well as forming the substances necessary for body growth,
tissue repair, and wound healing,

« the synthesis of neurotransmitters such as norepinephrine,

« antioxidant activity.

Deficiency Individuals who do not have access to fresh citrus fruits and juices, such as urban or
poor older adults, may have insufficient vitamin C intake. Individuals with severe burns, fractures,
pneumonia, rheumatic fever, and tuberculosis, as well as those who have recently undergone
surgery, have increased requirements for vitamin C. Alcohol decreases absorption and cigarette
smoking depletes tissue levels. Thus, alcoholics and smokers should increase their dietary intake
or take supplemental vitamin C.

Vitamin C deficiency is characterized by the development of scurvy, in which impaired collagen
synthesis results in muscle weakness, joint pain, impaired wound healing, loose teeth, bleeding and
swollen gums, bruised skin, fatigue, and depression.

Toxicity Since vitamin C is water-soluble, the body excretes the excess when intake exceeds the
body’s requirements. However, because vitamin C is metabolized to oxalic acid, consuming too
much may cause increased excretion of oxalate, which suggests that patients with a history of
forming oxalate kidney stones should avoid high doses of this vitamin. Doses in excess of the UL
(2000 mg/day) can have other side effects including nausea, diarrhea, and abdominal cramps.

Relationship to Disease Prevention Vitamin C is a powerful antioxidant that provides the first
line of defense against free radicals in the aqueous compartments of the body. However, to date,
studies have been unable to demonstrate a clear protective role for vitamin C. Numerous studies
of even mega doses have not proven effective in cancer prevention or treatment or in atherosclerosis
prevention. One study of women undergoing breast cancer therapy demonstrated an 18 percent
reduction in mortality and a 22 percent reduction in recurrence in women using antioxidants
(vitamins E and C), and a multivitamin. The role of vitamin C in the prevention and treatment of
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the common cold remains controversial with high doses having a mild antihistamine effect, but
many patients are convinced of the benefits of daily supplementation. Increased levels of vitamin
C from either the diet or from supplements have been associated with lower blood pressure.

Vitamin C Food Sources See Appendix E.

Thiamin (Vitamin B,)

Form and Absorption Thiamin is a water-soluble vitamin. It is primarily absorbed in the jejunum
via active transport when intake levels are low and passive transport when intake levels are high.
Absorption is significantly reduced in the presence of alcohol and in individuals with folate defi-
ciency. Once absorbed, thiamin is primarily found in skeletal muscles, liver, heart, kidneys, and
brain; however, it is not stored in the body to any great extent, so daily intake is required.

Functions Thiamin is an essential prosthetic group in a number of enzymes that play key roles in
the production of energy from carbohydrate and protein and is an essential component in the
pentose phosphate pathway that generates NADPH and ribose for nucleic acids.

Deficiency Primary thiamin deficiency due to poor intake of thiamin-containing foods, which can
lead to beriberi, is rare in the United States because the majority of grain products are fortified
with thiamin. However, thiamin deficiency may occur in individuals who abuse alcohol because
excessive alcohol intake significantly decreases thiamin absorption and interferes with its metabo-
lism. Early thiamin deficiency is characterized by poor appetite, irritability, apathy, confusion, and
weight loss. Clinicians should be aware of low micronutrient intake among patients on weight-loss
regimens as the recent A-to-Z study comparing the Atkins, Ornish, LEARN and Zone diets dem-
onstrated decreased intake and blood levels of thiamin in patients following either the Atkins,
LEARN or Ornish plans. For this reason, a multivitamin should be advised for patients restricting
their diet for weight loss or other reasons. Advanced stages of beriberi are characterized by the
system affected: neurologic or cardiovascular systems. Wet beriberi refers to a form characterized
primarily by abnormal heart rhythms, cardiomyopathy, heart failure, and edema. The neurological
manifestations vary from pain, numbness or tingling of the lower extremities to difficulty walking
and loss of deep tendon reflexes, to Wernicke’s encephalopathy or Korsakoft’s psychosis.

Causes and Effects of Toxicity Thiamin toxicity has not been described.

Relationship to Disease Prevention Although thiamin is not generally associated with disease
prevention, prompt administration of thiamin is indicated for the alcoholic patient who shows
signs of Wernicke’s disease, and is often used presumptively in patients who have acute mental
status changes.

Riboflavin (Vitamin B,)

Riboflavin is water soluble. It functions as a precursor to the flavin category of enzyme prosthetic
groups — flavin-adenine dinucleotide (FAD) and flavin mononucleotide (FMN) - that participate
in oxidation/reduction reactions, many of which are involved with energy production.

Form and Absorption Free riboflavin is released from foods by digestive enzymes and is actively
absorbed by an ATP-requiring process in the jejunum. Some of the riboflavin circulating in the
blood is loosely bound to albumin, although significant amounts also combine with other serum
proteins. Once riboflavin is delivered to a variety of cells, it is converted into FMN or FAD.

Functions Riboflavin plays an essential role in:
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« normal growth and development,

« breakdown of glucose to yield energy for all cells,

« facilitation of glycogen production and digestion of fats,

« synthesis of niacin from tryptophan,

 maintenance of normal mucous membranes and protection of the nervous system, skin, and
eyes,

 metabolism of vitamin K, folate, and pyridoxine.

Deficiency Riboflavin deficiency can result from inadequate intake, lack of absorption, poor uti-
lization, or increased excretion. Riboflavin deficiency symptoms include inflammation of the oral
mucosa or tongue, cheilitis, stomatitis, glossitis, seborrheic dermatitis, and normochromic-
normocytic anemia. The eyes may become bloodshot, itchy, watery, and sensitive to bright light.
Riboflavin deficiency typically develops in conjunction with deficiencies of other water-soluble (B)
vitamins, which are commonly found in the same foods. In those with reduced riboflavin levels,
supplementation has been shown to lower total plasma homocysteine. High homocysteine levels
are associated with an increased risk of cardiovascular disease (CVD), but B vitamin supplements
have not proven successful at lowering CVD in experimental trials.

Toxicity No adverse effects from a high intake of riboflavin have been reported and hence there is
no TUL established for this vitamin. Riboflavin in brightly pigmented and causes a very yellow
urine in patients taking it.

Relationship to Disease Prevention There are no specific indications for riboflavin supplemen-
tation for disease prevention, but at-risk groups include those with high alcohol intake and the
elderly, particularly those with limited income who may have poor dietary intake.

Niacin (Vitamin B;)

Niacin is a water-soluble vitamin, found in two common forms: nicotinic acid and nicotinamide.
Niacin is the precursor to the coenzymes nicotinamide adenine dinucleotide (NAD) and NAD
phosphate (NADP), electron carriers used in synthetic reactions and for ATP production.

Form and Absorption Niacin and nicotinamide are absorbed through the intestine by passive
diffusion. Niacin and nicotinamide are metabolized via different pathways.

Functions Niacin plays an essential role in:

« normal enzyme production in at least 200 reactions in the body involved in energy production;
most enzymes require niacin to accept electrons (redox) or donate hydrogen molecules
(hydrogenase),

« normal production and breakdown of glucose, fats, and amino acids, thereby helping the body
to metabolize these substances,

« normal development, maintenance, and function of the skin, gastrointestinal tract, and nervous
system,

o synthesizing DNA.

Deficiency Niacin is found primarily in protein-rich foods, and a deficiency is rare in the United
States. Because some, but not all, of our niacin requirement can be met by conversion from the
amino acid tryptophan, niacin deficiency historically developed in those whose diet mainly con-
sisted of corn, which is both low in niacin and lacks tryptophan. The synthesis of niacin from
tryptophan requires riboflavin, pyridoxine, and heme-iron-containing enzymes, therefore vitamin
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B¢ deficiency can also contribute to a niacin deficiency. Individuals who abuse alcohol are also at
increased risk of niacin deficiency because alcohol significantly reduces niacin absorption.

The initial signs of niacin deficiency include fatigue, loss of appetite, weakness, mild gastroin-
testinal disturbance, anxiety, irritability, and depression. A severe deficiency causes pellagra (“rough
skin”) showing symptoms of diarrhea, dermatitis (pigmented skin rash, especially to sun-exposed
skin), dementia, and if left untreated, death (“4 Ds”). Additional symptoms include inflammation
of the mucous membranes of the mouth (magenta tongue), apathy, fatigue, and loss of memory.

Toxicity Niacin toxicity from food sources has not been documented. Pharmacologic doses of
niacin used to treat hypercholesterolemia (lowers LDL and raises HDL) commonly cause minor
adverse effects, including flushing, nausea, salivation, and dizziness. Based on estimated minimum
levels that produce these symptoms, a TUL for niacin has been established at 35 mg/day. Niacin at
pharmacological doses (>2000 mg/day) over a long period has been associated with elevated liver
enzymes and elevated blood sugar levels in some individuals.

Recently, it has been reported that individuals seeking to “beat” urine drug screening have pre-
sented at Emergency Departments with symptoms of niacin toxicity, sometimes life-threatening.
This misguided use of niacin at levels exceeding even usual pharmacologic doses have resulted in
symptoms ranging from nausea and vomiting to metabolic acidosis and electrocardiogram
abnormalities.

Relationship to Disease Prevention In addition to hypercholesterolemia, niacin has been used
to treat dizziness and tinnitus, and to prevent premenstrual headaches. Pharmacological doses of
nicotinic acid (between 1 and 3 g/day) have demonstrated utility in clinical trials at reducing CVD.
Nicotinamide does not have this effect. When applied to the skin, niacin has recently been shown
to improve the appearance of wrinkles around the eyes and in combination with N-acetyl glu-
cosamine, has been used to decrease irregular pigmentation of the skin and to decrease the immu-
nosuppression observed with exposure to ultraviolet light. Side effects of mega doses of niacin
include flushing, which may be minimized by administering an aspirin prior to ingesting each dose
of niacin or by using a sustained release preparation. Both niacin and niacinamide have been used
topically but itching and burning of the skin may occur.

Pantothenic Acid

Pantothenic acid is another B-complex vitamin. It is a precursor of coenzyme A (CoA) and the
acyl-carrier protein (ACP) moiety of the enzyme fatty acid synthase, both necessary for the
metabolism of fats, carbohydrates, and proteins. CoA derived from food is hydrolyzed in the small
intestine to form pantothenic acid, which is then absorbed in the jejunum.

Functions Pantothenic acid, as a component of CoA, is essential for:
« synthesis of fatty acids, triglycerides, cholesterol, and acetylcholine,
« metabolism of protein and amino acids, fat, and carbohydrates,

« synthesis of cell membranes.

Deficiency Lack of pantothenic acid in the body is very unlikely and there is no evidence that a
deficiency of this vitamin can occur naturally. However, a deficiency created experimentally in test
subjects has produced the following symptoms: indigestion, abdominal pain, burning sensation in
the feet, arm and leg cramps, insomnia, and nerve inflammation (neuritis). Damage to the adrenal
cortex, nervous system, skin, and hair has also been observed. It is thought that alcoholics may
exhibit neuritis due to a lack of pantothenic acid; however, further evidence is needed for
confirmation.
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Toxicity Unknown.

Relationship to Disease Prevention While many people take pantothenic acid supplements as
part of “stress” formulas, to treat rheumatoid or osteoarthritis, acne, or as a immune booster due
to its role in the synthesis of adrenal hormones, the National Institutes of Health (NIH) has con-
cluded that there is insufficient scientific evidence to determine its effective for these uses.

Biotin
Biotin is also a member of the water-soluble B-complex of vitamins.

Forms and Absorption Biotin is absorbed in the proximal small intestine. Intestinal bacteria also
synthesize biotin, which can contribute to body stores.

Functions Biotin is an important prosthetic group in the carboxylase class of enzymes, which use
bicarbonate to attach a CO, group onto various metabolic substrates; as such, biotin plays a key
role in glucose synthesis.

Deficiency Biotin deficiency in humans is rare. Experimentally, biotin deficiency has developed
in humans who consume large quantities of raw egg whites. The protein avidin in eggs binds to
biotin in the intestine preventing absorption. Symptoms of biotin deficiency include inflammation
of the skin, hair loss, muscle pain, increased skin sensitivity, loss of appetite, nausea, mental prob-
lems, high cholesterol, and decreased hemoglobin levels. Low levels of biotin have been found in
some pregnant women, dialysis patients, and people who lack sufficient biotinidase, an enzyme
needed for biotin absorption (although the symptoms of biotin deficiency and biotinidase defi-
ciency are not identical).

Toxicity There is no evidence of biotin toxicity.

Relationship to Disease Prevention Because biotin deficiency leads to thinning hair and skin
sensitivity, it is included in many “hair support” vitamin products. It has been used successfully in
seborrheic dermatitis in infants, but scientific evidence for a role in hair growth is lacking.

Pyridoxine (Vitamin Bg)

Vitamin B, is a water-soluble vitamin that is one of a group of compounds that includes pyridoxine
and pyridoxamine, mainly found in plants, and pyridoxal, derived from animal products. All of
these compounds are easily converted to pyridoxal phosphate, a coenzyme involved in the metabo-
lism of amino acids.

Forms and Absorption Vitamin B, and its related compounds are absorbed in the jejunum and
widely distributed in the body, primarily in muscle tissue.

Functions Vitamin B¢-dependent enzymes perform a number of biochemical functions, such as:

« varied reactions involving amino acids, including transamination,

« synthesis of a variety of biogenic amines, including serotonin, dopamine, norepinephrine, and
histamine,

« heme synthesis,

o conversion of the amino acid tryptophan to niacin; breakdown of glycogen to glucose phosphate;
and the conversion of homocysteine to cysteine.



Chapter 2 Vitamins, Minerals, and Dietary Supplements 67

Deficiency Vitamin B, deficiency, while relatively rare, can occur as a consequence of an
adverse interaction with the antitubercular drug, isoniazid, or penicillamine. This deficiency is
characterized by cheilosis, glossitis, a pellagra-like dermatitis, depression, confusion, and EEG
abnormalities.

Asthma, renal disease, Hodgkin's disease, sickle cell anemia, and diabetes have all been associated
with a decrease in the blood levels of pyridoxal phosphate. Low serum vitamin By levels have been
observed in pregnant women experiencing nausea and supplements have been shown to be safe
and effective.

Toxicity The tolerable upper intake level for vitamin B, has been established at 100 mg/day. Reports
of toxicity have been noted in individuals taking 100 to 300 mg/day. Megadoses of 500 mg/day or
higher of vitamin B for 2 months or more can cause photosensitivity and a polyneuropathy char-
acterized by failure of muscular coordination and sensory nerve damage.

Relationship to Disease Prevention The NIH lists vitamin B4 as “possibly effective” for upset
stomach and vomiting in pregnancy, premenstrual syndrome (PMS) symptoms such as breast pain
and depression, oxalate kidney stones, movement disorders (tardive dyskinesia) in people taking
medicines for mental disorders, behavior disorders in children with low levels of serotonin, reduc-
ing lung cancer risk in men who smoke, and macular degeneration (see Chapter 5: Case 2). In
addition, B, in the form of pyridoxine hydrochloride, has been utilized to treat diabetes during
pregnancy, carpal tunnel syndrome, asthma, depression, and diabetic neuropathy. Studies have
failed to document any decreased risk of myocardial infarction in patients post-coronary artery
bypass graft surgery or any decreased risk of cancer incidence in those with prior cardiovascular
disease.

Vitamin B,

Vitamin B, is a water-soluble vitamin that exists in many forms referred to as cobalamins. Cyano-
cobalamin is the synthetic form used in supplements. Cobalamins are produced by bacterial fer-
mentation (e.g., in the rumen of cattle); therefore animal products and fermented foods (e.g.,
nutritional yeast) provide the only dietary sources.

Form and Absorption Adequate absorption of Vitamin B,, depends on the presence of stomach
acid and pepsin, pancreatic proteases, intrinsic factor (IF), and IF receptors on the terminal ileum.
Because there is a low (~1 percent) rate of absorption even in the total absence of IE, individuals
with B;, malabsorption (pernicious anemia) may be maintained with large oral doses of vitamin
By, (250 to 1000 pg/day) after initial parenteral loading.

Functions Vitamin B,, is a prosthetic group required for two important enzymes — methionine
synthase and methylmalonyl-CoA mutase — which are essential for cell replication and neurological
function. Methionine synthase is present in the cell’s cytoplasm and catalyzes the transfer of a
methyl group from N-methyl-tetrahydrofolate to homocysteine to yield methionine and to liberate
tetrahydrofolate. Thus it is required for folic acid metabolism and methyl group transfer reactions.
Methylmalonyl-CoA mutase resides in the mitochondria and transforms methylmalonyl-CoA
(from uneven numbered fatty acids) into succinyl-CoA, for further metabolic use.

Deficiency Vitamin B,, deficiency is a specific concern of those following a vegetarian dietary
pattern (particularly vegans). While tempeh, miso, and sea vegetables have been shown to contain
B,,, absorption from these sources may not be sufficient to prevent deficiency. Individuals lacking
IF fail to absorb sufficient B,, and develop pernicious anemia. Some people develop pernicious
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anemia as a consequence of autoimmune inactivation of IE. Others at risk include patients who
have had their terminal ileum surgically removed as therapy for inflammatory bowel disease,
cancer, or trauma. Patients taking proton pump inhibitors on a long-term basis may develop B,
deficiency secondary to inadequate stomach acid to release B, from food resulting in malabsorp-
tion. Many older people develop achlorhydria and lose their ability to release B,, from protein, so
they absorb less vitamin B,,. Alcohol abuse also reduces absorption and is a risk factor for dietary
B,, deficiency. According to the Merck Manual, less common causes of inadequate vitamin B,
absorption include chronic pancreatitis, gastric surgery, malabsorption syndromes, AIDS, and the
use of certain drugs (e.g., antacids, metformin, or repeated exposure to nitrous oxide).

Symptoms of vitamin B,, deficiency include megaloblastic anemia, nerve damage (tingling in
the hands and feet), and a swollen, painful red tongue. Long-term vitamin B,, deficiency, if not
treated, can cause severe, irreversible damage to both peripheral nerves, such as paresthesias and
numbness in the limbs, and to spinal cord tracts, causing ataxia and loss of vibration sense, and
dementia. Lowered levels of vitamin B, have been observed in those with Parkinson’s disease and
recent research has demonstrated the effectiveness of B, in reversing the sensory neuropathy
associated with chronic cough.

Toxicity No toxic or adverse effects have been associated with large intake or parenteral adminis-
tration of vitamin B,,. When high doses of vitamin B,, are given orally, only a small percentage is
absorbed, which may explain its low toxicity. There is no TUL.

Vitamin B, is a product of bacterial fermentation. The only dietary sources of vitamin B,
are foods of animal origin such as meat, chicken, fish, eggs, and dairy products. Fortified foods,
such as brewers yeast and soy milk, contain added vitamin B,,. Seaweed, algae, spirulina, and
fermented plant foods, such as tempeh and miso, are touted as vegetarian sources of vitamin By,
but contain only trace amounts.

Relationship to Disease Prevention When taken as a supplement along with folate, vitamin B,,
resulted in improved cognitive function and memory as well as a decrease in depressive symptoms
in older adults with psychological distress. Given the widespread use of medications that interfere
with B, absorption (metformin and gastric acid inhibitors), clinicians should be alert to potential
symptoms of B,, deficiency in their older patients.

Folate (Folic Acid)

Folate is a water-soluble B vitamin also known as folacin or folic acid. Folate is found in both plant
and animal food sources. Dietary folate in the form of the polyglutamates is digested to the
monoglutamate form and actively absorbed in the jejunum.

Functions Folate plays an essential role in transferring single carbon units to acceptor molecules

and thus is important for:

o synthesis of DNA and RNA, cell division, and growth and development,

o synthesis of heme for the formation of blood cells,

o serving as a methyl donor for the enzyme involved in the conversion of homocysteine to
methionine.

Deficiency Folate deficiency in humans is attributed to sub-optimal dietary intake of folate, inad-
equate absorption (e.g., as a consequence of gluten enteropathy), inadequate utilization (e.g., from
drug antagonists such as methotrexate or enzyme deficiencies), increased demands (e.g., preg-
nancy), or increased losses (e.g., liver disease or dialysis). Although folate deficiency is rare in the
United States, it may occur in alcoholics, or individuals who are unable to absorb folate, such as
those with Crohn’s disease, ulcerative colitis, or short bowel syndrome. Unlike other vitamins, the
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recommended amounts of folate are the same for men and women but recent evidence suggests
that larger amounts might be needed in men.

Folate deficiency in the elderly may be the result of a poor diet or the use of drugs that impede
the absorption of folate. Antacids hinder the absorption of folate by raising the pH levels of the
upper intestine. Cimetidine, sulfasalazine, and phenytoin also impede the absorption of folate.
Folate supplementation can reverse the macrocytic anemia seen in pernicious anemia; however, it
will not reverse the neurologic damage caused (see vitamin B,,).

A lack of folate affects cell division, resulting in abnormalities in red blood cell formation in the
bone marrow. Symptoms of folate deficiency commence with macrocytosis and progress to mac-
rocytic anemia. As the oxygen-carrying capacity of the blood gradually diminishes, symptoms such
as weakness, fatigue, irritability, headache, palpitations, and shortness of breath may occur. Folate
deficiency also results in elevated blood homocysteine levels. It is estimated that two-thirds of
individuals with high homocysteine levels have poor folate intake.

Toxicity The TUL for folate has been set at 1 mg/day. Although folate seems to have little or no
toxicity per se, the TUL was established because excessive consumption of folic acid may mask
vitamin B,, deficiency, allowing neurologic sequelae to progress even though the anemia associated
with this deficiency resolves.

Relationship to Disease Prevention Since folate is involved in the synthesis of DNA and pro-
teins, adequate levels are particularly important at times of rapid cell growth, such as during fetal
development. It has been demonstrated that neural tube defects occur from a dietary deficiency of
folate combined with a genetic defect in enzymes involved in folate metabolism. Folate administra-
tion during the very early stages of pregnancy has been convincingly demonstrated as important
in preventing many neural tube defects. Fortification of certain foods with folate has been credited
with substantially reducing the incidence of neural tube defects and perhaps some other birth
defects (Chapter 4: Case 2).

People with high blood levels of the amino acid homocysteine (HCys) have been shown to have
an increased risk of developing heart disease. The “salvage” of HCys (a product of methylation
reactions) by conversion to methionine requires methyl tetrahydrofolate; thus, a block in this reac-
tion from inadequate folate or B,, results in elevations of HCys in the body. As vitamin Bg is
required for the lone alternative pathway for HCys utilization, a lack of any of these B vitamins
causes especially high levels of HCys. Therefore, researchers have suggested that increasing folate,
either through the diet or supplements, will reduce HCys levels in the blood and lower the risk of
heart disease as well. This beneficial effect of folate is decreased by antiplatelet medications.
However, recent findings report no beneficial vascular effects in high-risk populations, suggesting
that elevated HCys may be a marker of increased risk of CVD rather than a causative agent.

Folic acid has recently been shown to decrease the risk of some types of strokes in smokers.
Folate has been used effectively as an adjunct in depressed patients who fail to respond to selective
serotonin reuptake inhibitor (SSRI) treatment. Lower folate levels have been associated with an
increased risk of depression and dementia in the elderly, and folate supplementation increased
cognitive functioning in older adults. Lower folate levels have also been correlated with an increased
risk of prostate cancer in men and pancreatic cancer in women.

Folate Food Sources See Appendix F
Minerals

Mineral elements are inorganic substances that occur as salts, such as sodium chloride (NaCl), or
as a component of organic compounds, such as the iron in the tetrapyrrole ring of heme (e.g.,
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hemoglobin) or the sulfur found in certain amino acids. Minerals are classified as macrominerals

or microminerals, based on their percentages of total body weight. Macrominerals constitute more

than 0.005 percent of the body’s weight, or 50 parts per million (ppm). Examples include calcium,

chloride, phosphorus, potassium, magnesium, sodium, and sulfur. Microminerals fall into two

categories:

o Minerals with identified roles in health maintenance, including chromium, cobalt, copper, fluo-
ride, iodide, iron, manganese, molybdenum, selenium, and zinc.

« Minerals found in body tissues with no currently established roles in health maintenance, such
as arsenic, boron, cadmium, nickel, silicon, tin, and vanadium.

In foods, minerals commonly occur as salts, such as sodium chloride or as enzyme cofactors.
Because salts are usually water soluble, some loss occurs during cooking, such as when vegetables
are boiled. The body is capable of storing some minerals (e.g., iron in ferritin, calcium in bone) so
that deficiencies may require a prolonged period of poor intake before symptoms develop.

Calcium

Calcium is an abundant mineral in the body, with 99 percent of body calcium stored in the bones
and teeth. The remaining 1 percent is active in enzyme activation, blood clotting, and muscle
contraction. Most calcium absorption occurs in the duodenum, but the jejunum and ileum con-
tribute substantially to overall calcium absorption.

Vitamin D levels in the body regulate calcium absorption. The parathyroid gland responds to
low serum calcium levels by releasing PTH, which stimulates many tissues to convert vitamin D
to its active form (calcitriol). Activated vitamin D, in turn, increases the absorption of calcium
from the intestine and regulates calcium excretion via the kidneys.

When calcium levels in the blood are elevated, the hormone calcitonin, released from the para-
follicular cells (or “C cells”) in the thyroid gland, prevents bone from releasing calcium and pro-
motes calcium excretion. Individuals who have poor vitamin D intake and low sun exposure have
poor calcium absorption. Lactose, the sugar in dairy products, improves calcium absorption in
infants, whereas oxalate (which is present in spinach and rhubarb) and, to a lesser extent phytate,
can inhibit calcium absorption. Calcium excretion is related to dietary protein intake — high protein
diets increase urinary excretion of calcium; however, protein intake accompanied by adequate
calcium intake increases bone mass.

Functions Calcium plays an essential role in:

o bone mineralization; calcium levels are maintained in equilibrium by the movement of 250 to
1000 mg of calcium in and out of bone tissue every day,

 maintenance of cell membrane permeability,

 muscle contraction,

« blood clotting,

« nerve impulse conduction.

Calcium Deficiency Calcium deficiency usually remains undiagnosed for years because the bones
serve as an effective reservoir and continue to release calcium into the blood. Symptoms of calcium
deficiency (hypocalcemia) include irritability, “pins and needles” sensation in hands and feet (par-
esthesia), muscle cramps and twitching (tetany), and possible seizures (convulsions). Over time,
persistent low calcium intake can manifest as osteoporosis, with accompanying bone fractures and
loss of height. Calcium deficiency in children is characterized by paresthesia of the mouth or
extremities, stunted growth, tetany, and seizures.
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Problems related to poor calcium intake include:

o Rickets is caused most commonly by vitamin D deficiency, but lack of calcium and phosphorus
can also be a basis for this disease. Rickets is characterized by abnormal bone formation, bending
and distortion of the bones, nodular enlargements of the boney epiphyses, delayed closure of the
fontanels, and bone pain.

o Osteoporosis is defined as a reduction in bone density, rendering bones brittle and susceptible
to fractures. Symptoms of osteoporosis may include altered posture caused by deformity of the
spine, postural slumping due to acute pain, waddling gait, loss of height, muscle weakness, and
kyphosis. The bones most commonly affected include the hip, spine, wrist, and upper arm. A
low calcium diet and lack of adequate physical activity are primary factors believed to contribute
to the development of osteoporosis. Excessive alcohol intake, family history of osteoporosis, race,
early menopause, short stature, and cigarette smoking are major contributors as well.

Calcium Toxicity Hypercalcemia may be seen in people with a hyperactive parathyroid gland,
excessive intake of vitamin D, or certain cancers, including breast and lung cancer. Hypercalcemia
may result in dehydration, lethargy, nausea, vomiting, anorexia, and possibly death. The tolerable
upper limit for calcium intake has been established at 2500 mg/day. Adults with a history of calcium
oxalate kidney stones should be advised to limit their protein intake to the RDA level of 0.8 g/kg
bodyweight per day, avoid oxalate-rich foods, and limit salt intake.

Supplement Issues The lifetime risk for osteoporotic fractures in women is estimated to be as

high as 50 percent, and costs associated with hip fracture alone are estimated at $13 to $18 billion/

year in the United States. These facts combined with the exponential increases expected as the

population ages, make prevention key. While osteoporosis is a multifactorial disorder, calcium

intake during adolescence and throughout life and adequate vitamin D is critical to achieving

optimal peak bone mass and may play a significant role in preventing degenerative bone diseases

in later years. Adolescents need to be educated about the importance of calcium for health, recom-

mended intake, and good food sources of calcium, particularly lower-fat dairy products. Calcium

supplements may be helpful for populations of:

« post-menopausal women,

« amenorrheic women,

o patients who avoid dairy foods, including strict vegetarians, vegans, and lactose-intolerant
persons.

Relationship to Disease Prevention Calcium supplementation to pregnant women with low
calcium intakes reduces the severity of preeclampsia, maternal morbidity, and neonatal mortality.
After birth, however, calcium supplementation may result in lower bone densities in the mother.
In a recent research study, calcium and vitamin D supplementation did not lower blood pressure
or decrease the risk of breast cancer in older women. A meta-analysis of cohort studies and clinical
trials failed to show any reduction in fractures with increased calcium intake, therefore more focus
on the contribution of vitamin D and phosphate in combination with calcium supplementation is
required. The role of milk has also been called into question as the results of the Nurse’s Health
Study failed to show that women who drank more than one serving of dairy daily (three are cur-
rently recommended to meet calcium intake requirements), had lower risk of osteoporosis. Sup-
plementation with calcium and vitamin D has also not been shown to produce a change in lipids
in the body or cause weight loss but long-term use has been associated with an increase in urinary
track stones and may decrease iron absorption.

Calcium Food Sources (including fortified sources) See Appendices G, H.
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Magnesium
Forms and Absorption Magnesium is absorbed primarily in the distal jejunum and ileum and is
more efficiently absorbed when intake is low. Magnesium competes with calcium for absorption,
and its absorption is also slightly enhanced by vitamin D. Magnesium is found in bone, muscle,
and intracellular and extracellular fluid. The kidney is the principal modulator of magnesium
homeostasis through filtration and reabsorption.

Only 1 percent of the body’s magnesium pool is found in the blood and magnesium is a co-factor
in more than 300 enzymatic reactions.

Functions Magnesium plays a role:

o in hundreds of ATP-requiring reactions in metabolism and active transport by acting as a neces-
sary chelator for the highly negatively charged ATP and ADP molecules,

« in transmitting neural impulses and thereby eliciting muscle contractions in conjunction with
calcium, sodium, and potassium,

« as a component of bones and teeth,

« in protein synthesis and cell replication,

« in suppressing PTH secretion, although it is only about one-half as effective as calcium.

Magnesium Deficiency Although overt magnesium deficiency is rare due to its presence in a
wide variety of foods, the average intake of magnesium is below what it should be for disease
prevention. A study evaluating data from the NHANES study 1999-2000 found that the median
daily intake of magnesium in Caucasian males was about 100 mg less than the RDA. For women
the deficit was 80 mg and among ethnic minority respondents, the deficits were even greater. Defi-
ciency can occur in individuals who have absorption or excretion problems. These conditions
include intestinal malabsorption, surgical removal of the lower part of the intestine, diuretic medi-
cations, severe vomiting, and kidney disease. Individuals with protein-calorie malnutrition, chronic
alcohol abuse, hyperparathyroidism, and liver cirrhosis may have low serum magnesium levels.
Recent studies have documented the relationship of low serum magnesium with insulin resistance
and increased risk of metabolic syndrome. Since magnesium is required for normal PTH function-
ing, low magnesium levels may alter calcium and phosphorous homeostasis. Magnesium is also
diminished by food processing (e.g., refining grains or boiling greens).

Indications of magnesium deficiency include low levels of calcium and potassium in the blood,
as well as changes in the gastrointestinal, neuromuscular, and cardiovascular systems. In patients
with low serum potassium levels that seem not to rise with supplementation, a magnesium infusion
allows potassium levels to be restored to normal. Magnesium deficient individuals may have
fatigue, lethargy, weakness, poor appetite, impaired speech, anemia, irregular heartbeat, tremors,
and failure to thrive. Clinical signs of advanced magnesium deficiency include rapid heart rate,
cardiac fibrillation, and convulsions.

Hypomagnesemia was found to be common in children during to cardiac bypass surgery and
was ameliorated with magnesium supplements, thus lowering post-op arrhythmias. Following
either the Atkins or LEARN diet was associated with inadequate dietary intake of magnesium, so
supplementation during dietary restriction for weight loss may be indicated.

Magnesium Toxicity Elevated blood magnesium levels may be seen in people with renal failure
or those receiving high doses of magnesium supplements. High blood levels typically cause diarrhea
and may result in changes in mental status, muscle weakness, nausea, extremely low blood pressure,
difficulty breathing, and an irregular heartbeat. The tolerable upper limit for magnesium has been
established at 350 mg/day for adults and adolescents.

Supplement Issues Low magnesium intake has been correlated with hypertension, cardiovascular
disease, and osteoporosis in several studies of older Americans. Recent research has demonstrated
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that low magnesium intake is associated with an increased risk of developing metabolic syndrome
and type 2 diabetes. Low magnesium levels have been observed in obese children with insulin
resistance, although a cause-and-effect relationship has not yet been established. In overweight,
non-diabetic adults, magnesium supplements increased insulin sensitivity.
Magnesium supplementation may benefit patients:
o with asthma,
o taking diuretics or certain chemotherapy medications for the treatment of cancer,
« with malabsorptive diseases, such as gluten enteropathy,
« with chronically low levels of potassium or calcium,
o with diabetes or prediabetes,
 who are elderly.

For patients with renal disease, serious accumulation of magnesium can occur. High doses (1000
to 5000 mg) may cause toxicity symptoms.

Relationship to Disease Prevention In addition to the potential impact of magnesium supple-
mentation on hypertension (small but significant decreases in blood pressure for those with mild
hypertension) and diabetes (improved insulin sensitivity), supplements have been shown to
decrease bone turnover in post-menopausal women with osteoporosis; and reduce the frequency
of migraine headaches. Intravenous infusions of magnesium lower the risk of arrhythmias post-
myocardial infarction leading to fewer deaths and may help in severe asthma attacks. Magnesium
supplementation has also been shown to increase testosterone levels in males who exercise (mag-
nesium losses in sweat may be significant), and to decrease fat absorption which can help prevent
atherosclerosis. When taken with zinc and melatonin, it improved insomnia in older individuals.

Magnesium Food Sources (including enriched sources) See Appendix K.

Phosphorus
Phosphorus is second in abundance to calcium and is an essential mineral present in bones and
teeth, as well as phospholipids, proteins, carbohydrates, enzymes, DNA, and ATP.

Form and Absorption Phosphorous is absorbed in the form of phosphate primarily in the small
intestine. Absorption rates are generally high (about two-thirds is absorbed), and fairly consistant;
however, while vitamin D may promote uptake by active transport, the observed constancy of
phosphate fractional absorption suggests that most uptake occurs by a passive, concentration-
dependent process. Aluminum-containing antacids can reduce phosphate absorption.

Function Phosphorous plays an essential role in:
o the normal construction of bones and teeth,

« DNA and RNA synthesis,

o energy synthesis (ATP, ADP),

« metabolism of protein, fat, and carbohydrate,
« maintenance of the body’s normal pH levels,
 normal cell membrane structure.

Phosphorus Deficiency Phosphorous deficiency is generally regarded as rare, but occurs most
commonly in chronic alcoholics during withdrawal or in persons experiencing diabetic ketoaci-
dosis. It may be observed in individuals who consume excessive and prolonged amounts of alumi-
num hydroxide-containing antacids as the aluminum binds dietary phosphorous, preventing its
absorption. Symptoms of phosphorous deficiency include weakness as a consequence of decreased
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levels of ATP and anorexia, bone pain, and proximal muscle myopathy in some instances. Pro-
longed deficiency can result in rickets or osteomalacia, due to the need for phosphate for hydroxya-
patite formation in bone.

Phosphate Toxicity Abnormal elevated blood phosphorus levels appear in individuals with renal
failure and can give rise to the precipitation of calcium phosphate in various tissues (metastatic
calcification) which may further compromise kidney function. High dietary intake of phosphate
in persons with normal kidney function does not seem to cause toxicity. Recent data have suggested
that elevated phosphorus levels are a risk factor for CVD and mortality. Elevated levels of phos-
phorous are associated with an increase in carotid intima media thickness, which is related to
atherosclerosis and arterial stiffness. Fibroblast growth factors (FGF), a recently characterized
family of polypeptides, have diverse roles in angiogenesis, wound healing, and embryonic develop-
ment. During embryonic development, FGFs regulate cell proliferation, migration, and differentia-
tion. In adults, FGFs are homeostatic factors and function in tissue repair and response to injury.
One of the FGFs (FGF23) plays a role in controlling both phosphorous reabsorption and excretion
in the renal tubule. The TUL for phosphorus has been established at 4000 mg/day.

Supplement Issues None.

Iron

Iron is an essential element in all cells of the body. As a component of hemoglobin, myoglobin,
and cytochrome enzymes, iron plays a key role in oxygen transport and normal cellular
respiration.

Forms and Absorption Iron is absorbed in the duodenum via iron-binding proteins that transfer
it across the intestinal mucosa. Non-heme iron absorption requires an acidic gastric pH to convert
it from ferric (Fe*") to ferrous (Fe?") forms. Once absorbed, ferrous iron is converted back to ferric
iron in intestinal mucosal cells and then combined with apoferritin to form ferritin. Some ferritin
is transported out of the mucosal cell into plasma bound to transferrin and transported to bone
marrow or other iron storage sites where it is stored as either ferritin or hemosiderin. The absorp-
tion of iron from plants (non-heme iron) is enhanced by the concurrent ingestion of vitamin C
(which aids in reducing the valence of ferric iron) and is increased in iron-deficient individuals
through upregulation of the divalent metal transporter. Heme iron is absorbed considerably more
efficiently than non-heme iron.

Function Iron plays an essential role in the following physiological functions:

« Synthesis of hemoglobin and myoglobin. About 70 to 75 percent of the body’s iron is bound to
hemoglobin and myoglobin while the other 25 to 30 percent is stored as ferritin and hemosiderin
in the liver, bone marrow, and spleen. Iron is transported in the serum bound to transferrin,
which represents about 1 percent of the body’s iron stores.

« Synthesis of cytochrome protein. Many cytochrome proteins contain heme-bound iron; these
enzymes function in a variety of roles, including metabolic reactions, electron transport, and
drug detoxification.

Iron Deficiency Iron deficiency is one of the most prevalent nutritional problems in the world.
Populations at risk include menstruating or pregnant females, infants and children, and those with
celiac disease. Iron deficiency not associated with chronic blood loss is most frequently caused by
inadequate dietary intake, or with a diet with low bioavailable iron, as seen with vegetarians or
infants not given iron-fortified formula or cereal after the age of 6 months. In the United States,
the iron intake of most boys and men exceeds the RDA, while the intake of most girls and women
(up to the age of 50) is less than the RDA. Iron deficiency is characterized by weakness, fatigue,
poor work performance, adverse pregnancy outcomes, developmental delays, and cognitive impair-
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ment. Symptoms of iron deficiency include fatigue, feelings of faintness, cold or abnormal sensa-
tions of the extremities, shortness of breath, and greater susceptibility to infections. Signs of iron
deficiency include poor capillary bed refilling, pale mucosa, and soft, concave, or brittle nails.
Infants and young children with iron deficiency may have low IQ levels and learning and/or behav-
ioral problems.

Iron Toxicity Excessive iron ingestion may cause deposition of iron in the tissues. Prolonged iron
overload (e.g., hemochromatosis) may cause bronzed pigmentation to the skin and damaged liver
and pancreas tissue and may possibly cause diabetes. The hemochromatosis gene is present in 1 in
200 non-Hispanic white Americans, although even among homozygous individuals, only 1 percent
develop signs of iron overload. The TUL for iron has been established at 45mg/day for normal
adults based upon gastrointestinal side effects.

Supplementation Issues Iron deficiency anemia is a prominent cause of morbidity in several
populations (i.e., infants, pregnant women, women with heavy menstrual losses). Iron supplemen-
tation for infants is indicated for pre-term or low birth weight infants, children whose diet does
not include foods fortified with iron, or those with anemia. Iron supplementation for even margin-
ally low birth weight infants reduces iron deficiency and anemia. However, iron can be toxic at
doses not much higher than the therapeutic range and a meta-analysis of data currently available
indicates that giving iron supplementation to children who are already iron replete can cause
adverse effects on weight gain and possibly increased susceptibility to infection. Similarly, while
iron deficiency is a common cause of anemia in pregnancy and can be prevented with supplemen-
tation, recent data suggest that iron supplementation in non-anemic pregnant women can cause
increases in hypertension and small-for-gestational-age births.

Although it is commonly believed that older adults are at high risk for iron deficiency, results
are mixed. Data from the Framingham Heart Study showed that elevated iron stores (evidenced
by high serum ferritin) are four to five times more common than iron deficiency among white
Americans aged 67 to 96 years. Similar results have been obtained in other countries. Because of
known risks for heart disease and cancer attributable to excessive iron, older patients should be
advised against taking iron supplements unless iron deficiency is documented by laboratory results.

Iron Food Sources (including fortified sources) See Appendix L.

Zinc

Forms and Absorption Zinc status is determined through a balance of absorption in the intestine
(principally the jejunum) and secretion of endogenous reserves; zinc depletion increases the effi-
ciency of its absorption. Zinc absorption is reduced in the presence of copper, iron, oxalate,
calcium, phytate, and fiber. Once absorbed, zinc is widely distributed throughout the body, with
the highest levels found in the prostate, skin, brain, liver, pancreas, bone, and blood.

Function Zinc plays an essential role:

« as a cofactor for over 100 enzymes in carbohydrate, fat, and protein metabolism,

o in normal cell division, growth, and repair at all stages of life, especially during fetal growth,
o in the synthesis of DNA and RNA and in gene regulation,

o in normal immune function including wound healing and skin integrity,

o in sexual maturation, fertility, and reproduction,

« in the maintenance of a normal sense of taste and smell.

Zinc Deficiency Zinc deficiency, which can occur due to poor intake or with malabsorption syn-
dromes, can be manifested as symptoms of poor appetite, changes in taste perception, anosmia
(loss of sense of smell), hair loss, skin problems, poor wound healing, impaired cell-mediated
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immunity, and growth retardation in infants, children, and adolescents. If affected, the cornea,
which has a very high zinc concentration, may develop edema and opacification.

Zinc Toxicity Zinc toxicity is rare, but high intakes can cause diarrhea, nausea, and vomiting.
Chronic toxicity can impair copper status, and may depress immune function. High doses of zinc
have also been associated with urinary tract infections and other negative effects on the urinary
tract. The importance of the relationship between zinc and copper is illustrated by the fact that
patients with copper overload from Wilson’s disease benefit from treatment with 50 mg zinc acetate
three times daily or more.

Zinc Requirements Individuals with intestinal resection or surgical removal of all or part of their
intestines may require zinc supplementation, as both transit time and surface area influence zinc
absorption. The TUL for zinc has been established at 40 mg/day.

Supplementation Issues Individuals who may benefit from zinc supplementation include:
o those with malabsorption or chronic diarrhea,

« vegetarians, due to lower efficiency of zinc absorption from plant material,

« alcoholics, as alcohol inhibits zinc absorption and promotes excretion,

o children who exhibit growth failure accompanied by zinc deficiency,

« lactating women, as there is a greater need for zinc during this period,

o those with chronic skin ulcers or bed sores,

o those who smoke cigarettes heavily.

Zinc supplements should not be taken simultaneously with either calcium or iron supplements
in the absence of food as these interfere with zinc absorption. Long-term high doses can cause
copper deficiency, which produces white patches on brittle nails, anemia, and weaken immune
function. Doses exceeding 40 mg per day may interfere with white blood cell function. Zinc sup-
plementation has been shown to significantly reduce the frequency and severity of childhood
diarrhea and respiratory illnesses. A zinc supplement in conjunction with antioxidant vitamins has
been shown to significantly reduce the risk of vision loss from age-related macular degeneration.
A combination of trace mineral supplements (zinc, copper, and manganese) have been shown to
be important in the maintenance of bone mass in post-menopausal women.

Copper

Form and Absorption Copper absorption occurs in the small intestine. Absorption is enhanced
in an acidic medium and decreased by the presence of calcium, phytates, fiber, or zinc. About 30
to 50 percent of the copper in the diet is absorbed.

Functions Copper plays an essential role in:

« production of skin, hair, and eye pigment (melanin),

« synthesis of connective tissue (copper functions in the development of healthy bones, teeth, and
vascular structures),

« protection of cells from oxygen damage (as a component of antioxidant enzymes),

 maintenance of the myelin sheath surrounding nerve fibers,

 metabolism of catecholamines required in the functioning of the nervous system,

« promotion of iron metabolization (anemia is a consequence of copper deficiency).

Copper Deficiency Copper deficiency is rare though it can occur in malnourished infants, and
as a result of poor copper absorption that can occur in certain disease states (e.g., Menkes’ syn-
drome). Copper deficiency results in anemia and connective tissue damage, which can cause lung
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damage or excessive bleeding. Low levels of copper in the blood are seen in nutritional disorders
such as kwashiorkor, anemia, tropical sprue, and celiac disease.

Copper Toxicity Excessive copper intake or poisoning may occur with consumption of acidic
beverages stored in containers made with copper. Symptoms of copper toxicity include nausea,
diarrhea, vomiting, anemia, anuria, and, in extreme cases, death.

The genetic syndrome Wilson’s disease results in increased copper deposits in the brain, kidney,
cornea, and liver but with decreased blood copper levels. Untreated, it can result in nervous system
and liver damage. The TUL for copper has been established at 10,000 jug/day.

Supplement Issues When taken as a supplement in older Americans, copper was shown to
increase the activity of copper metabolism enzymes and there was some evidence of a decrease in
markers associated with CVD. Copper supplements may improve the effectiveness of vitamin D
and calcium in improving bone density in post-menopausal women.

Sodium
Functions Sodium functions together with chloride to regulate hydration and cell membrane
potentials. Sodium is the predominant extracellular cation.

Sodium Deficiency Sodium deficiency is uncommon. Most Americans consume 3000 to 4000 mg
of sodium daily (about 9g of table salt), while the recommended upper limit for daily intake is
2300 mg. Fluid retention or sodium loss can cause low serum sodium levels (hyponatremia) which
may represent a relative deficiency of sodium. Prolonged vomiting, diarrhea, excessive or persistent
sweating (such as in triathlon participants or marathon runners), and certain forms of kidney
disease also cause sodium deficiency. A “salt-wasting” crisis can also occur as a consequence of
insufficient aldosterone production, as seen in congenital adrenal hyperplasia. Symptoms of
hyponatremia include headache, nausea, vomiting, muscle cramps, fainting, fatigue, and death.

Sodium Toxicity Excess serum sodium (hypernatremia) is generally caused by inadequate hydra-
tion rather than excess sodium intake. Symptoms of hypernatremia include vomiting, diarrhea,
excess sweating, mental status changes due to cerebral edema, seizures, and death.

Relationship to Disease Prevention

Hypertension Hypertension affects about one in four adults or about 50 million Americans. It is
a leading cause of stroke and can contribute to a heart attack, heart failure, and kidney failure. It
is well-known that diets high in sodium are associated with a higher risk of developing hyperten-
sion in salt-sensitive populations. Studies, including the DASH trials, have shown that restricting
sodium intake to below 1.2g/day (<3 g of salt, sodium chloride) is effective in lowering systolic
blood pressure by 6 to 9mm Hg and can improve the action of certain medications, such as diuret-
ics, in lowering blood pressure. However, other studies have reported that for the United States
population mean intake, increases in sodium actually correlated with a decrease the risk of CVD
and all-cause mortality, although a few studies of populations with high sodium intakes (4.4 to
5.4 g/day) showed reductions in CVD with salt restriction. Thus, health benefits from salt restric-
tion may be limited to persons with excessive intake or other conditions that alter risk.

Osteoporosis Because high salt intake has been shown to increase the amount of calcium excreted
in the urine, lowering an individual’s sodium intake may decrease the risk of osteoporosis. By

decreasing salt intake, more calcium remains in the body thereby decreasing the risk for bone loss.

Sodium Food Sources See Appendix I.
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Potassium

The predominant intracellular cation; even small changes in the concentration of extracellular
potassium greatly affect the extracellular to intracellular potassium ratio and thereby affect neural
transmission, muscle contraction, and vascular tone.

Function Potassium is an extremely important electrolyte that functions in the maintenance of:
o water balance and distribution,

o acid-base balance,

« muscle and nerve cell function,

o heart function,

o kidney and adrenal function,

o glycogen storage; low potassium suppresses insulin secretion.

Potassium Deficiency Hypokalemia (low levels of potassium in the blood), is most commonly a
result of excess potassium losses. These losses can occur from vomiting, diarrhea, kidney disease,
or metabolic disturbances, as well as sweat-producing exercise where potassium and electrolytes
are not replenished. Thiazide diuretics (used in hypertension or congestive heart failure) or exces-
sive use of laxatives can also cause hypokalemia (defined as a serum potassium level below
3.5mmol/L). Because potassium is found mainly in fruits and non-grain vegetables, a diet lacking
in these foods can lead to potassium deficiency. In potassium deficiency there may not be sufficient
glycogen reserves, and muscle weakness progressing to respiratory failure can occur. Other symp-
toms include fatigue, constipation, impaired renal function resulting in excessive urination (polyu-
ria), and adverse cardiac effects on persons taking digitalis. Severely low levels of potassium can
lead to cardiac arrhythmias.

Potassium Toxicity Potassium toxicity is unlikely, except in patients with poor renal function or
excessive supplementation. Hyperkalemia can be seen in trauma or severe burns that lead to sig-
nificant tissue damage resulting in release of potassium into the blood. Symptoms of hyperkalemia
include tingling in the hands and feet, muscle weakness, and temporary paralysis. Hyperkalemia
causes characteristic EKG changes and when severe, can lead to ventricular asystole or fibrillation.
Left untreated, hyperkalemia can result in cardiac arrest. Near fatal hyperkalemia has been seen in
people using a nutritional supplement or a salt substitute in combination with certain medications
such as potassium-sparing diuretics.

Supplementation Issues Potassium helps to maintain proper function of both the heart and
nervous system. Regular consumption of high-potassium foods or potassium supplements may
help to lower and control blood pressure in people with a high salt intake. People with heart failure
or high blood pressure benefit from adequate amounts of this mineral. An elevated potassium
intake has also been linked to decreasing the risk of stroke, osteoporosis, and calcium-containing
kidney stones.

Potassium Food Sources See Appendix J.

Selenium
Selenium is an essential trace mineral in the body that contributes to antioxidant defense
mechanisms.

Form and Absorption Selenium absorption is efficient and is not regulated. Selenium in the form
of selenocysteine and selenomethionine in the diet is absorbed in the gastrointestinal tract in the
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range of 50 to 100 percent. Selenium leaves the body via urine, feces, skin, or pulmonary metabo-
lites that are exhaled.

Functions

o Selenium is an essential component of the enzyme glutathione peroxidase, which protects cells
from the damaging effects of free radicals. For example, LDL oxidation is reduced by
selenium.

o Selenium is essential for normal functioning of the immune system and thyroid gland.

o Epidemiological and animal studies have shown that selenium may have anti-cancer properties,
possibly related to its antioxidant function.

« While scientists have identified 25 selenium-containing proteins, the physiologic role is known
for only half of them.

Selenium Deficiency Selenium deficiency is not common in the United States and seldom causes
illness when it occurs in isolation. However, selenium deficiency has been seen in people main-
tained on total parenteral nutrition (TPN) as their only source of nutrition. People with gastroin-
testinal problems can have impairment of selenium absorption. Low selenium intake has been seen
in children with kwashiorkor because selenium is absorbed only in amino acid form.

Signs of selenium deficiency are seen in countries where the selenium content in the soil is very
low and therefore the selenium intake of domestic animals is poor. Selenium deficiency causes
white muscle disease in livestock. These areas include China, New Zealand, and Venezuela. Fur-
thermore, people living in areas of China, New Zealand, and Venezuela may develop an enlarged
heart with poor cardiac function as a result of selenium deficiency. Lower selenium levels have
been observed in both men and women with goiters but selenium supplementation did not improve
thyroid hormone levels.

Selenium Toxicity Selenium toxicity is rare in the United States and the few reported cases have
been associated with industrial accidents or from a manufacturing error that led to an excessively
high dose of selenium in a supplement. High blood levels of selenium (selenosis) lead to symptoms
including gastrointestinal upset, joint pain, hair loss, nail discoloration, and fatigue. Acute toxicity
can lead to respiratory distress syndrome, myocardial infarction, and renal failure. The TUL estab-
lished for selenium is 400 pg/day.

Supplement Issues Most cases of selenium deficiency occur as a consequence of a gastroentero-
logical disturbance, such as Crohn’s disease. Preliminary studies have shown a correlation between
low plasma selenium levels and cancer risk. Selenium is being studied for its possible role in pros-
tate cancer prevention. The Selenium and Vitamin E Cancer Prevention Trial (SELECT) is a phase
III randomized, placebo-controlled trial of selenium (200 pg/day) and/or vitamin E (4001U/day)
supplementation for a minimum of 7 years (maximum of 12 years) in American men 50 years of
age and older. Selenium supplementation did not decrease the incidence of prostate cancer in men
with an increased risk of the disease. The Nutritional Prevention of Cancer study has reported that
selenium supplementation is associated with reduced risk of colorectal cancer and adenomas in
subjects with a low baseline selenium level. Despite concerns raised by earlier reports, supplementa-
tion with selenium has not been shown to increase the risk of type 2 diabetes. Selenium supple-
mentation has been shown to decrease the risk of premature rupture of membranes in pregnant
women.

Fluoride
Fluoride is found at varying concentrations in drinking water and soil. It is not an essential nutrient
in the customary sense, but helps protect the teeth against dental caries. Although found in bone,
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fluoride has not convincingly been shown to prevent fractures or osteoporosis. About 99 percent
of the fluoride in the body is in the bone and teeth. When fluoride is consumed in optimal amounts
from water and food, or used topically in toothpastes, mouth rinses, and professionally applied
office treatments it functions to:

o increase tooth mineralization and bone density,

o reduce the risk and prevalence of dental caries,

 promote enamel re-mineralization throughout life for individuals of all ages.

Fluoride Deficiency As there is no known metabolic function for fluoride, a deficiency state
cannot be defined.

Water Fluoridation Fluoridation of public water supplies has been endorsed by over 90 health
professional organizations as the most effective dental public health measure in existence. Still,
about half of the United States population fails to receive the maximum benefits possible from
community water fluoridation and the use of fluoride products. Although fluoride treatment has
long been recognized as being of benefit to children, a recent meta-analysis indicated that fluoride
also causes significant reduction in dental caries in adults of all ages.

Fluoride Toxicity Fluoride can be toxic when consumed in excessive amounts, so concentrated
fluoride products should be used with caution. To prevent the possibility of acute fluoride poison-
ing, fluoride products should be kept out of reach of small children. Fluorosis results from excessive
fluoride ingestion prior to tooth eruption and results in a disruption of tooth enamel formation.
Fluorosis can range from mild to severe. In cases of mild fluorosis, teeth are highly resistant to
dental caries but may have chalky white spots or patches. Severe fluorosis can result in teeth with
brown discoloration and is most often seen in areas of the country that have excessive concentra-
tions of natural fluoride in water supplies, such as wells.

Swallowing of fluoride toothpaste in early years, misuse of dietary fluoride supplements, or long-
term use of infant formula (when concentrates are reconstituted with fluoridated water) can lead
to fluorosis. To minimize the risk of excessive exposure, the American Dental Association requires
toothpaste manufacturers to include the phrase “use only a pea-sized amount (of toothpaste) for
children under six” on labels.

Supplement Issues Fluoride supplementation may benefit children and adults who do not have
fluoride added to their public drinking water. The addition of both fluoride and probiotic bacteria
to milk significantly reduced dental caries and ear infections in young children.

Fluoride Sources The primary dietary source of fluoride is fluoridated water. The average child
under age 6 consumes less than half a liter of water a day and would consume less than 0.5 mg/day
of fluoride from drinking optimally fluoridated water. The TUL for infants 0 to 6 months is 0.7 mg/
day and 1.3 mg/day for children aged 1-3 years.

lodine
Iodine is essential for humans as a component of thyroid hormones (thyroxine). Approximately 40
percent of the body’s iodine is stored in the thyroid gland.

Forms and Absorption Iodine in nature is found mostly as a salt in the iodide form. It is absorbed
in the gastrointestinal tract in the ionized form (I7). Extra iodine in the body is excreted via the
urine.

lodine Deficiency If there is not enough iodine in the body, there is a decrease in the production
of the thyroid hormones (T; and T,). To compensate for this lack of production the thyroid gland
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hypertrophies causing a goiter. Symptoms of iodine deficiency include lethargy, dry skin, thick lips,
enlarged tongue, reduced muscle and skeletal growth, and mental retardation (cretinism). Cur-
rently 40% of the world’s population is felt to be at risk of iodine deficiency. Risk factors other than
deficient intake include pregnancy, excessive tobacco or alcohol consumption, oral contraceptive
use, excessive calcium intake or selenium deficiency, or exposure to radiation, perchlorates, or
thiocyanates.

lodine Toxicity Excessive dietary intake of iodine results in inhibition of thyroid hormone syn-
thesis. Generally, the body will adapt to the higher intake, but a few individuals will develop goiters
due to reduced iodine absorption when iodine blood levels are too high. The TUL for iodine has
been established at 1100 pg/day.

Supplement Issues Iodine deficiency affects 1.9 billion people worldwide, and is a common
worldwide cause of endemic goiter and cretinism in children who do not have access to iodized
salt or live in mountainous places where iodine is not found. Newborns can experience maternal,
fetal, or combined hypothyroidism. Congenital hypothyroidism has been reported to occur at a
rate of about one out of every 4000 children and early treatment with iodine is necessary to avoid
mental retardation. Iodide supplements have been shown to prevent goiter and to produce an
increase in height and weight and to advance pubertal development. Many people are interested
in potassium iodide supplements to prevent radioactive iodine uptake in the event of a nuclear
accident or after exposure to medical radiation. Supplementation with iodine has been shown to
be effective in reducing the risk of an iodine-deficient child developing thyroid cancer after expo-
sure to radiation from an accidental contamination or from medical procedures.

Chromium
Chromium is proposed to potentiate the action of insulin and has been identified as a “glucose
tolerance factor.”

Form and Absorption Chromium exists in various inorganic forms; most chromium found in
food is in the trivalent chromium(III) form. Chromium absorption depends on the form and
physiochemical reactions in the intestinal lumen, but generally the efficiency of absorption is low
(<3 percent). Fiber and phytates reduce absorption and a deficient diet results in higher fractional
absorption rates.

Functions Chromium is hypothesized to potentiate the action of insulin via an oligopeptide that
has been named “chromodulin,” which binds to the insulin receptor stimulating its tyrosine kinase
activity.

Chromium Deficiency A diet high in refined grains and simple sugars promotes chromium excre-
tion and may lead to long-term chromium deficits. Since it is not possible to determine chromium
status, it is difficult to determine the impact of low chromium intake.

Chromium Toxicity As no adverse effects have been observed from excess chromium intake from
food, no TUL has been established. The predominant form of chromium in food and supplements
is the trivalent form (Cr’"), which is not believed to have toxic effects. However, hexavalent chro-
mium at high levels in drinking water in a Chinese province is believed to be responsible for
increased mortality from stomach cancer, creating concerns about the overuse of chromium sup-
plements. A meta-analysis reported that hexavalent chromium was only weakly linked to lung
cancer and not to any other cancers.
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Supplement Issues In diabetic subjects, chromium supplementation, usually with chromium
picolinate or chloride, has been shown to improve insulin sensitivity and to reduce serum lipids
in some, but not all, studies. When diabetic subjects were divided into groups based on sensitivity
to insulin, it was observed that chromium supplements increased the response to insulin in the
group that was previously shown to be insulin resistant. In the group of diabetics that responded
to chromium, there was a decrease in fasting blood glucose, cholesterol, and low density lipoprotein
(LDL). These responses varied with the form of chromium supplement: chromium dinicocysteinate
and a yeast supplement enriched with chromium were shown to be more effective than chromium
picolinate. A recent review of 41 separate studies concluded that while chromium supplementation
in patients with type 2 diabetes had a modest beneficial effect on glycemia and dyslipidemia, the
overall poor quality of the studies limited the strength of the conclusion. Unfortunately, much of
the older literature used supplements of CrCl which is not very biologically active and those using
yeast sources were dosed at only 200 g of chromium daily. More recent studies using more bio-
available chromium (chromium bound to niacin or biotin) and in doses closer to 1000 mg daily
have been shown to have improved efficacy. These higher levels may be appropriate given recent
research documenting a relationship between urinary chromium losses and degree of insulin resist-
ance. Different chromium preparations may also have different effects, for example, when chro-
mium picolinate was given to obese adults considered to be at risk for diabetes, there was no change
in insulin sensitivity. A similar study in overweight children did demonstrate improved insulin
sensitivity. HIV infection produces numerous metabolic changes and in HIV infected patients,
chromium supplementation decreased insulin resistance and produced improvements in triglyc-
erides and body fat. The Office of Dietary Supplements of the NIH has concluded that “the value
of chromium supplements for diabetics is inconclusive and controversial.”
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OBJECTIVES

e Describe the prevalence of and risk factors for iron deficiency in United States women.
e Recognize signs and symptoms of iron deficiency.
e Evaluate and interpret laboratory values used to diagnose iron deficiency.

e Become familiar with methods for prevention and treatment of iron deficiency.

AP, a 36-year-old Chinese American woman, presents to her family physician complaining of
fatigue lasting over the past year and of “always being cold” One year ago, she gave birth to a full-
term healthy baby. She initially assumed her symptoms were due to the demands of caring for her
infant, but reports that her fatigue is much greater in severity than that experienced after delivering
her first child 7 years ago. She was an avid runner throughout her adult years, but has been unable
to run even a mile over the past few months due to the overwhelming fatigue. She feels a lack of
energy throughout the day, and has difficulty focusing while at work.

AP has a history of heavy menses; she typically uses more than five sanitary pads on each of the
first 2 days of her period, which lasts 7 days. She resumed menstruating 4 months after giving birth.
She occasionally has small amounts of blood in her stool from hemorrhoids, but has not had any
frank gastrointestinal bleeding and denies other sources of blood loss.

Past Medical History

AP has a recent history of iron deficiency anemia. At 6 months’ gestation, routine hemoglobin
screening revealed a normal value of 12.5g/dL. One month after giving birth, AP’s hemoglobin
was tested by her gynecologist, revealing a significantly reduced level of 7.4 g/dL. Iron deficiency
anemia was suspected. Her laboratory results confirmed the diagnosis and AP’s gynecologist pre-
scribed ferrous sulfate (325 mg, three times per day) for 6 months. Unfortunately, AP found that
the iron supplements caused constipation and abdominal pain. She discontinued them and began
taking a multivitamin containing iron.

Diet History

AP avoids red meat due to its saturated fat content, and eats chicken and fish at least once a week.
In an effort to increase the calcium in her diet, she generally tries to eat a dairy food at each meal:
milk with cereal for breakfast, yogurt and fruit at lunch, and cheese with pasta or in a casserole for
dinner. She obtains most of her vegetable intake from salads containing lettuce, cucumbers, and
tomatoes. She does not each much fruit.

Medical Nutrition & Disease: A Case-Based Approach, Fifth Edition. Edited by Lisa Hark, Darwin Deen,
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Physical Examination
Vital Signs

Temperature: 98.6°F (37°C)
Heart rate: 80 BPM
Respiration: 26 BPM

Blood pressure: 110/60 mm Hg
Height: 5’8" (173 cm)

Current weight: 1451b (65.8kg)
BMI: 24kg/m’

Exam

General: Well-developed, well-nourished female in no acute distress
Skin: Pallor

Eyes: Conjunctiva pale

Nails: No spoon nails

Laboratory Data

Current Labs Normal Values
Hemoglobin: 9.5mg/dL 12-16g/dL

Hematocrit: 35% 37-48%

MCV: 82fL 86-98 fL

Ferritin (serum): 7 ng/mL Females: 12-150 ng/mL
Iron (serum): 40 pg/dL 50-150 pg/dL

TIBC: 425pg/dL 250-370pg/dL

Case Questions

1. What are the prevalence of, and risk factors for, iron deficiency anemia in pre-menopausal
women in the United States?

2. What are the clinical signs and symptoms of iron deficiency?

bl

How was the diagnosis of iron deficiency anemia confirmed in this patient?

4. What diet history questions should be asked of patients suspected of iron deficiency? How
would you counsel this patient to improve her dietary iron intake and absorption?

5. Who should be screened for iron deficiency and when?

&

How should iron deficiency be treated?
7. What aspects of iron metabolism are important to remember for patient care?

Answers to Questions: Case 1
Part 1: Prevalence and Diagnosis

1. What are the prevalence of, and risk factors for, iron deficiency anemia in pre-
menopausal women in the United States?

Iron deficiency is a fairly prevalent problem in pre-menopausal women. According to the NHANES
I1I data (1994-1998), 5 percent of women aged 20 to 49 have iron deficiency anemia, and 11 percent
have iron deficiency without anemia. The prevalence of iron deficiency was similar in NHANES
III and NHANES 1999-2000 in most age and sex groups, but newer data from NHANES 2003-
2006 found that the prevalence of iron deficiency without anemia had increased to 12 percent
among females age 20 to 49.
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Risk for iron deficiency is a function of levels of iron loss, iron intake, iron absorption, and
physiologic demands. Populations most at risk include pregnant women, women of child-bearing
age, and women with heavy menses. Other populations at risk include strict vegetarians and vegans,
infants, toddlers, and adolescents. Low iron intake and decreased iron absorption are the most
common etiologies.

Women in their child-bearing years have greater iron needs than men due to menstrual blood
losses, iron demands of the developing fetus during pregnancy, and blood loss during childbirth.
Uterine fibroids (common, benign tumors often found in women of child-bearing age) may cause
heavy and prolonged menses, resulting in increased blood loss. In order to avoid the development
of iron deficiency during this time, dietary iron intake must keep pace with increased demands.
Those not consuming adequate quantities of iron-rich foods may develop iron deficiency.

Iron deficiency in women (and in men) may also be caused by other sources of blood loss includ-
ing frequent blood donation, gastrointestinal bleeding, neoplasms, inflammatory bowel disease,
parasitic infections (more common in third world populations than developed countries), and
hemorrhoids. Chronic blood loss may occur from the urinary tract as well. In this case, AP’s heavy
menstrual periods and aspects of her dietary intake increase her risk for iron deficiency. Occasional
bleeding from hemorrhoids is most likely not a contributing factor.

2. What are the clinical signs and symptoms of iron deficiency?

Clinical signs of anemia include pallor, mouth changes such as glossitis (atrophy of the lingual
papillae), and angular stomatitis, as well as tachycardia. Symptoms are generally non-specific and
may include fatigue, palpitations, or dyspnea. When prolonged, iron deficiency can lead to soften-
ing of the nail matrix causing koilonychia or spoon nail deformity. Fatigue is a common presenta-
tion of iron deficiency with or without anemia. Iron is necessary for hemoglobin synthesis in red
blood cells, which functions in oxygen transport and delivery from the lungs to the tissues. Iron
deficiency can lead to fatigue as oxygen is needed for energy (ATP) production. In addition, iron
serves as a cofactor for many physiologically important enzymes, including those involved in oxi-
dative metabolism, dopamine, DNA synthesis, and free radical formation in neutrophils.

Iron deficiency may cause a sensation of feeling cold, affect work capacity and exercise tolerance,
reduce neurotransmitter function, and diminish immunologic and inflammatory defenses presum-
ably due to a lack of oxygen needed for energy and heat production. Other symptoms of iron
deficiency include cold intolerance, and pica (compulsive eating of non-food items typically clay
or laundry starch) or pagophagia (compulsive eating of ice). Patients having any of these signs and
symptoms should receive a laboratory evaluation for iron deficiency.

3. How was the diagnosis of iron deficiency anemia confirmed in this patient?
Laboratory evaluation along with physical signs and symptoms can confirm a diagnosis of iron
deficiency. Serum ferritin, iron, and total iron binding capacity (TIBC) were outside the normal
reference range. A complete blood count revealed a microcytic anemia with a low mean corpus-
cular volume (MCV) of 821L. In this patient, serum ferritin was low at 7ng/mL. Serum iron was
low at 40 ug/dL, and TIBC was high at 425 pg/dL (the TIBC, or transferrin, concentration increases
to compensate for low iron availability), confirming the diagnosis of iron deficiency. The patient’s
hemoglobin, hematocrit, and MCV were low, indicating a microcytic anemia, and reticulocyte
count was low, indicating decreased red blood cell production.

Serum ferritin is the single best non-invasive, sensitive marker of iron status. Serum ferritin
concentrations reflect body iron stores (1pg/L of serum ferritin concentration is equivalent to
approximately 10mg of stored iron). Compared to the gold standard of a bone marrow biopsy,
serum ferritin is a sensitive and specific indicator of iron depletion. Levels below 15mg/mL are
75 percent sensitive and 98 percent specific for iron deficiency. However, because serum ferritin is
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an acute phase reactant, chronic infection, inflammation, or diseases causing tissue and organ
damage can raise its concentration independent of iron status, masking depleted tissue stores
of iron.

Transferrin saturation (which is equivalent to serum iron concentration divided by TIBC x 100)
reflects the extent to which iron binding sites are vacant on transferrin. It is another commonly
used measure to assess iron deficiency. Normal saturation falls between 30 and 35 percent, whereas
levels less than 15 percent indicate decreased iron availability for erythropoiesis in the bone
MAarrow.

Opverall, this measure does not perform as well as ferritin among non-pregnant women of child-
bearing age. As with ferritin measurements, factors other than iron status can affect results of this
test. Serum iron varies diurnally (higher in the a.m., lower in the p.m.), increases after meals, and
is decreased by infection and inflammation. Inflammation, chronic infection, malignancies, liver
disease, nephrotic syndrome, and malnutrition can reduce TIBC, and oral contraceptive use and
pregnancy can increase it.

Erythrocyte protoporphyrin concentration can also be used to assess whether adequate iron is
available for red blood cell synthesis. Protoporphyrin levels remain elevated when there is inade-
quate iron available to be integrated into hemoglobin. Normal protoporphyrin levels vary from 16
to 65pg/dL in adults but with iron deficiency, anemia levels may exceed 100 pg/dL.

Iron deficiency often exists without anemia, but deficiency without anemia will progress to
anemia if the causes of deficiency are not corrected. Red blood cells are typically microcytic (small),
due to insufficient hemoglobin production, and hypochromic (pale). In addition, reticulocyte
counts (the number of new red blood cells), are low indicating decreased bone marrow production
of red blood cells.

In the presence of an inflammatory or infectious state, when iron deficiency risk factors or
symptoms of iron deficiency are present but ferritin is in the normal range, a complete blood count
(CBC) and a reticulocyte count may be quite helpful. If iron deficiency is indeed present, erythro-
cyte indices (e.g., MCV) should improve with iron administration, and a therapeutic trial of sup-
plementation will help to confirm or rule out iron deficiency.

Part 2: Medical Nutrition Therapy and Treatment

4. What diet history questions should be asked of patients suspected of iron deficiency?
How would you counsel this patient to improve her dietary iron intake and
absorption?

Sources of dietary iron include red meat, poultry, fish and shellfish, nuts and seeds, legumes and
bean products, green leafy vegetables, raisins, whole grains, and fortified cereals. In evaluating a
patient for iron deficiency, the clinician should inquire about dietary intake of iron-rich foods, as
well as dietary factors that may influence the absorption of iron (e.g., low vitamin C intake). Ascor-
bic acid (vitamin C) can reduce ferric iron to its more soluble ferrous form, which decreases the
formation of insoluble complexes. Thus, ascorbic acid can enhance iron absorption by forming
soluble complexes with iron at low pH that remains soluble in the more alkaline environment of
the duodenum.

Iron absorption is not directly correlated to iron intake. As physiologic iron levels decrease,
the efficiency of gastrointestinal absorption of iron increases. The bioavailability of iron, or the
percentage of dietary iron absorbed and ultimately physiologically available, varies depending on
the dietary source of the iron and other foods consumed at the same time as the iron-containing
foods. Heme (dietary iron attached to heme-containing proteins, such as myoglobin or hemo-
globin) and non-heme iron are absorbed by different receptors on the intestinal mucosa. Iron
bound to heme is highly absorbable and represents 40 percent of iron from animal sources. The
absorption of non-heme iron can be increased or decreased by various factors. Phytates, or inositol
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phosphate salts that store minerals in plant matter, bind to iron in the lumen of the intestine and
decrease its absorption. Polyphenols in tea, coffee, cocoa, spinach, and oregano inhibit iron absorp-
tion as well.

Iron is best absorbed in its ferrous form, and thus ascorbic acid in fruits, vegetables, and fortified
cereals increases iron absorption. Calcium inhibits the absorption of both heme and non-heme
iron by an unknown mechanism, and epidemiologic studies show a correlation between intake of
milk and the prevalence of iron deficiency. Thus, it is important for patients to also be asked about
their intake of dairy foods. Those eating dairy foods or taking a calcium supplement or calcium-
containing antacids at each meal may have lower iron absorption.

One of the easiest ways for AP to increase her dietary iron would be to add red meat to her diet
at least on a weekly basis, and to increase her consumption of chicken. She could also be counseled
to eat iron-rich grains and vegetables at two meals a day with fruits, and she may be advised to eat
iron fortified foods such as oatmeal or breakfast cereal.

5. Who should be screened for iron deficiency and when?

Current screening recommendations are being reviewed by the United States Preventive Services
Task Force (USPSTE), but currently the recommendations are to screen routinely for iron defi-
ciency anemia in asymptomatic pregnant women. Insufficient evidence exists for or against routine
screening in asymptomatic children aged 6 to 12 months. Routine screening is not recommended
for any other groups (e.g., menstruating women).

6. How should iron deficiency be treated?

A ferritin level of less than 12 ng/mL in women is indicative of sub-optimal iron stores, and patients
with levels in this range should receive a course of replacement therapy. Iron is best absorbed in
its ferrous form, and ferrous salts of iron are generally used for oral supplementation. Ferrous
sulfate, succinate, lactate, fumarate, glycine sulfate, glutamate, and gluconate are all about equally
well-absorbed and tolerated. Standard doses are 60 mg of oral elemental iron twice daily. Vitamin
C taken concurrently with the iron will increase absorption. Constipation and gastrointestinal
distress are common side effects of oral iron supplementation. When these symptoms occur, the
dose should be reduced by one-half but continued. Enteric-coated or delayed-release preparations
should not be used; with these preparations iron is released distally in the small intestine or in the
colon where it is not well absorbed. Stool softeners may also be prescribed.

Parenteral iron therapy, which is administered via intramuscular or intravenous routes, may be
required in patients with severe malabsorption, ongoing blood loss, those requiring chronic hemo-
dialysis, and those who are unable to tolerate oral iron. Iron dextran is the most widely available
parenteral form and contains 50 mg/mL of elemental iron. However, there are multiple serious side
effects associated with parenteral iron including muscle necrosis, phlebitis, and in rare cases, ana-
phylaxis. The most serious side effect of parenteral iron is anaphylaxis, which occurs in less than
1 percent of treated patients. Because of this risk, small test doses (25mg of iron dextran) should
be administered and the patient should be observed in a controlled setting for 1 hour before full
doses are administered for the first time.

With iron dextran, a delayed reaction can be seen 24 to 48 hours after administration and can
include symptoms such as wheezing, dyspnea, arthralgias, myalgias, hypotension, chills, dizziness,
fevers, headache, malaise, or nausea and vomiting. Symptoms generally subside within a week. This
syndrome is most common in settings where a total replacement dose is administered during a
single infusion and is less likely if smaller doses are administered on separate occasions. Intramus-
cular administration of iron dextran may cause local skin site reactions and potentially carry a risk
of carcinogenesis at the injection site and are not recommended. Other intravenous preparations
such as iron sucrose, iron saccharate, and sodium ferric gluconate are commonly used in Europe
and may be better tolerated than iron dextran.
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A 3- month course of oral therapy is recommended for the treatment of iron deficiency. In the
presence of anemia, reticulocyte counts will begin to rise after a few days of supplementation and
will peak in approximately 7 days. Hemoglobin will begin to rise after 10 to 14 days, and will
generally normalize in 2 months. Some hematologists recommend continuing supplementation for
6 to 12 months. However, as iron status improves, a lower proportion of the supplement dose is
absorbed and the benefits of supplementation are thus reduced as the course of therapy is length-
ened. During therapy, patients should be monitored carefully for adherence because side effects
are common.

During the course of supplementation, patients should be advised about diets that are higher in
iron-containing foods and given advice on optimizing their iron absorption. Patients with sources
of ongoing physiologic blood loss, such as heavy menses, may require continuous low-dose sup-
plementation, such as an iron-containing multivitamin, after a full course of supplementation is
complete. Any correctable causes of blood loss should be addressed while replacement therapy is
administered. In situations such as this case, when heavy menses are the most likely cause of iron
deficiency, low-dose oral contraceptives may be helpful to reduce menstrual flow.

If the anemia does not correct with iron supplementation, several causes must be considered,
including:

« Impaired absorption (may be seen with celiac disease, malabsorptive disease, or concomitant use
of binders).

o Poor adherence due to side effects.

« Excess iron loss or increased need.

o Thalassemia.

7. What aspects of iron metabolism are important to remember for patient care?

The normal total circulating iron pool is 3 to 4 mg. Iron is transported in plasma bound to transfer-
rin. Normally, plasma transferrin is 30 to 40 percent saturated by iron. The iron pool remains stable
despite variation in iron stores, suggesting that iron release from macrophages is determined by
tissue uptake. Kupffer cells in the liver recycle heme iron from senescent red blood cells back to
transferrin. The mechanisms controlling macrophage iron output are unclear, but likely involve
plasma erythropoietin-mediated increased generation of unsaturated transferrin that causes greater
iron extraction from macrophages. In iron deficiency, elevated transferrin levels maintain the
circulating iron pool despite the marked decrease in transferrin saturation. In iron-overload, serum
iron levels are high, circulating transferrin levels are low, and increased transferrin saturation is
found. During inflammatory states (including end-stage renal disease), circulating transferrin
levels decrease, but transferrin saturation is normal because of iron release from the reticuloen-
dothelial system.

Because of the importance of iron to various infectious agents, iron is closely controlled in the
human body. Most iron binding proteins are acute phase reactants, meaning that during infection,
their production is increased. This helps the body to reduce the availability of iron to the infectious
agent. A recently discovered hormone, hepcidin, plays a central role in controlling iron absorption
and hepcidin levels are influenced by inflammatory markers such as interleukin (IL)-6 and 22 and
type 1 interferon.
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Case 2 Drug-Herb Interaction with St. John’s Wort
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OBJECTIVES

e Describe the hypothesized mechanism of action and metabolism of St. John's Wort.

e Evaluate the safety and efficacy of St. John's Wort for the treatment of depression.

¢ Provide effective dietary counseling for patients on warfarin therapy.

e Recognize the importance of quality control when recommending over-the-counter dietary and herbal
supplements.

® Recognize the potential for toxicity and drug-herb interaction with St. John’s Wort and other
commonly used botanicals.

LB is a 54-year-old Caucasian woman who was in good health until 2 weeks ago when she devel-
oped acute shortness of breath and palpitations while driving to work. On arrival in the emergency
room she was found to have atrial fibrillation with a rapid ventricular response. She was admitted
to the cardiac intensive care unit and treated with beta-blockers to slow down her heart rate. She
was also started on intramuscular and then anticoagulants to reduce her risk of stroke. She was
discharged on the fourth hospital day and came to see her primary care provider for management
of her warfarin anticoagulation 1 week post-hospital discharge. LB had been on a warfarin dose of
3mg/day, and at discharge, had an International Normalized Ratio (INR) of 2.6. At the 1 week
post-hospital discharge visit, her INR was sub-therapeutic at 1.2. She denied any changes in medi-
cation or diet, and has not “any recent antibiotic exposure.”

Upon further questioning, LB admitted taking some over-the-counter dietary supplements. She
currently takes vitamin E (400 IU) once daily as a “cardioprotective antioxidant,” calcium carbonate
(500 mg) twice per day for bone health, and St. John’s Wort (300 mg) twice per day. She stated that
she started St. John's Wort 3 weeks ago because a friend told her it might help “lift her spirits”. She
has no known food or drug allergies.

Past Medical History

LB has a history of mild hypertension which she controls primarily with hydrochlorothiazide
(HCTZ) and a sodium-restricted diet. She also has a history of mild depression, which she attributes
to being perimenopausal. She has never had an episode of major depression or psychiatric hospi-
talization and has never been treated with prescription anti-depressants. She denies any thoughts
of suicide.

Medical Nutrition & Disease: A Case-Based Approach, Fifth Edition. Edited by Lisa Hark, Darwin Deen,
and Gail Morrison.
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Medications

Warfarin (oumadin): 3 mg at bedtime
HCTZ: 25mg once daily in the morning
Atenolol: 50 mg daily - started in the hospital

Social History

LB lives with her husband and their two cats. Her children are grown and in college. She explains
that she has not been feeling like herself since the hospitalization. She often awakens during the
night and has a difficult time going back to sleep. She still enjoys playing bridge and gardening but
describes herself as frequently distracted and occasionally “blue”. She avoids alcohol and tobacco
and drinks one cup of coffee daily.

Review of Systems

General: She reports losing 5 pounds since her hospital admission
GI: Poor appetite

Pulmonary: no shortness of breath or cough

Cardiovascular: no dyspnea on exertion, no palpitations

Physical Examination

Vital Signs

Temperature: 98.6°F (37°C)
Heart rate: 64 BPM

Respiration: 16 BPM

Blood pressure: 118/84 mmHg
Height: 5’4" (152.4cm)

Current weight: 1501b (68.04kg)
Usual weight: 1551b (70.31kg)
BMI: 25.7 kg/m’

Exam

General: Well-developed, well-nourished woman in no apparent distress

Skin: Warm and dry

HEENT: Within normal limits

Cardiac: Irregular radial pulse. Normal S1 & S2 without S3 or S4

Abdomen: Soft, non-tender, non-distended

Extremities: No clubbing, cyanosis, or edema

Neurologic mental status exam: Alert and oriented to person, place, and time with slightly depressed
affect. Sensory and motor exams are grossly intact

Laboratory Data

Patient’s Lab Values Normal Values
Prothrombin time: 13.4 seconds <13 seconds
International normalized ratio (INR): 1.2 *

Thyroid stimulating hormone (TSH): 3.1 pU/mL 0.5-5.0pU/mL

*Target therapeutic range for patients being anti-coagulated with warfarin is 2-3 for stroke prevention in atrial fibrillation.

Case Questions

1. What is known about the mechanism of action and metabolism of St. John’s Wort?

2. What safety issues are of concern for patients taking St. John’s Wort alone or in combination
with other drugs?
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3. Is St. John's Wort effective in the treatment of depression?

4. What issues related to product quality are important to consider when assessing over-the-
counter dietary supplements?

5. Based on LB’s depression, what treatment recommendations would be appropriate for LB at this
time?

6. What dietary advice should be provided to all patients on warfarin (anticoagulant) therapy?

Answers to Questions: Case 2
Part 1: Mechanisms of Action and Safety

1. What is known about the mechanism of action and metabolism of St. John’s Wort?
St. John’s Wort (SJW), also known as Hypericum perforatum, is one of the most commonly used
herbal remedies in the Western world. Extracts of this popular botanical have been used since the
early nineteenth century to treat mood disorders. The exact mechanism of action of SJW remains
largely unknown, but like many herbs it is involved in multiple metabolic pathways due to its
several constituents. A number of early studies suggested that Hypericum inhibits monoamineoxi-
dase (MAO), an enzyme involved with the breakdown of some neurotransmitters that influence
mood. Other postulated mechanisms from animal studies suggest the inhibition of serotonin
reuptake, the downregulation of serotonin receptors, and inhibition of gama-aminobutyric acid
(GABA) pathways.

St. John's Wort’s major active constituents are thought to be hypericin and hyperforin. Hypericin
has anti-viral properties, while hyperforin seems to be an active anti-depressant. Hyperforin has
been shown to inhibit the uptake of serotonin, dopamine, noradrenaline, GABA, and glutamate.
However, even hyperforin-free extracts of SJW have anti-depressant effects, hence other ingredients
are likely involved.

Metabolism of SJW constituents is especially relevant because of potential toxicity and drug-
herb interaction. In a study of the action of Hypericum on human cytochrome P450 activity, it was
found that long-term administration in humans resulted in a significant and selective induction of
CYP3A4 and CYP2C9 activity in the intestinal wall. CYP3A4 is one subtype of the many cyto-
chrome P450 enzymes that help to detoxify and metabolize drugs. If an herbal supplement induces
one of these enzymes, then other drugs may be metabolized faster. If an herbal supplement inhibits
this enzyme, then the functional level of other drugs may rise and cause toxicity. In this case, blood
levels of drugs metabolized by this enzyme, such as cyclosporine, digoxin, warfarin, theophylline,
and protease inhibitors (antiretrovirals) can be expected to fall during short- and long-term intake
of SJW.

2. What safety issues are of concern for patients taking St. John’s Wort alone or in com-
bination with other drugs?
When used in monotherapy at doses up to 900 mg/day, SJW has been shown to be safe with a better
side-effect profile compared to prescription anti-depressant agents. One study found that 3 percent
of SJW-treated patients experienced significant side effects (gastrointestinal irritation, dizziness,
confusion, tiredness, and restlessness) compared to 16 percent in the imipramine group. In a mul-
ticenter trial involving 340 subjects, 900 mg of SJW caused more anorgasmia and frequent urination
compared to placebo, but SJW caused fewer side effects compared to 50 to 100 mg of sertraline.
Importantly, a systematic review of clinical trials involving SJW concluded that this herb can
decrease the bioavailability of several conventional drugs if taken at the same time.

Relevant to this patient, SJW can reduce the efficacy of warfarin and thus lead to inadequate
anticoagulation. This might increase the risk of thromboembolic complications in patients with
atrial fibrillation. Thus, while LB was previously therapeutically anticoagulated on a 3 mg dose of
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Table 2-4 Selected Drug—Herb Interactions

Botanical

Common Usage

Drug/Drug Class

Potential Interaction

Green tea extract

Kava

Valerian
St. John's Wort

St. John's Wort
St. John's Wort

Echinacea

Garlic

Gingko

Panax Ginseng
Panax Ginseng
Yohimbine
Ephedra

Cranberry Juice

Antioxidant

Anxiety

Insomnia

Depression

Depression
Depression

Immune stimulant

Hypercholesterolemia
Memory enhancement
Increase well-being
Increase well-being
Increase libido

Weight loss/energy

Reduce urinary tract

Warfarin

Benzodiazepines

Barbituates

Cyclosporine digoxin, warfarin,
indanavir, oral contraceptives,
amitryptiline, theophylline

SSRIs
Oral contraceptives

Immunomodulatory drugs
(prednisone, Methotrexate,
Cyclosporine)

Warfarin

Warfarin, aspirin
Warfarin
Hypoglycemic drugs
TCA
Antihypertensives

Warfarin

Decreased drug activity

Additive sedative effect. Kava
has recently (2004) been related
to possible hepatotoxicity

Additive sedative effect

Decreased drug activity

Increased drug activity
Intermenstrual bleeding

Decreased drug activity

Decreased drug activity
Increased risk of bleeding
Decreased drug activity
Enhanced drug activity
Hypertension

Decreased drug activity

Possibly potentates

infection anticoagulant action of Warfarin

Source: Adapted from Guide to Natural Products. 2nd edition (DerMarderosian A, editor) Facts & Comparisons, St. Louis MO. 2001
(Reprinted with permission).

warfarin, her recent daily use of SJW has likely caused her INR to be sub-therapeutic, thereby
possibly increasing her risk of stroke.

When used in combination with other drugs, SJW can cause clinically significant toxicities
related to the upregulation of CYP3A4. As a result, there are several reports of transplanted organ
rejection related to concomitant use of SJW and cyclosporine. Additionally, SfW can reduce the
levels of digoxin, often used to treat patients with heart failure or for rate control in atrial fibrilla-
tion. These are just some of the examples of possible drug-herb interactions. Table 2-4 lists other
drug-herb interactions for commonly used botanicals.

Part 2: Treatment and Recommendations

3. Is St. John's Wort effective in the treatment of depression?

There are numerous randomized, placebo-controlled trials evaluating the safety and efficacy of SfW
in treating mild to moderate depression and more recently, major depressive disorders. SJW has
been compared with tricyclic anti-depressants (amitryptilline, imipramine) and with two SSRIs,
fluoxetine and sertraline. The majority of placebo-controlled studies have shown that standardized
extracts of SJW ranging from 300 to 900 mg daily are moderately effective in the treatment of
mild-to-moderate depressive symptoms. Some studies have shown equivalence of 900 mg of SJW
to low-dose imipramine and low-dose fluoxetine. A study of patients with major depression failed
to show significant improvement over both placebo and standard doses of sertraline over a short
period of time. Differences in study design (lack of active control and placebo), study populations
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(major vs mild/moderate depression), length of time, and dosing of SJW or comparator agents are
likely responsible for some of the variance in results. However, the authors state that over long
periods of time, both SJW and sertraline were equally effective. The data supports SJW as a poten-
tial alternative treatment for depression when taken at low doses and when drug interactions are
not of concern.

4. What issues related to the product quality are important to consider when assessing
over-the-counter dietary supplements?

The Dietary Supplement and Health Education Act (DSHEA) of 1994 created a new class of com-
pounds called “dietary supplements” that are not required to meet the same regulatory scrutiny as
prescription pharmacologic agents. As a result of DSHEA, herbal remedies marketed as dietary
supplements cannot make claims that their products can be used to “diagnose, prevent, mitigate,
treat, or cure a specific disease”. DSHEA thus led to a marked increase in the availability and popu-
larity of dietary supplements in the United States. While DSHEA required that botanicals be labeled
with the parts of the plant used and the strength of its ingredients, many herbal products have been
found to contain less or none of the proposed active compounds. This stems in part from the
complexity of herbal preparations, which can contain several potentially bioactive constituents. The
strength and potency of an herbal extract can depend, among other things, on the time of year the
plant was cultivated, the quality of the soil, the parts of the plant that are used, and methods of
processing the herb.

The problems of quality control can be illustrated with SJW. The most common analytical
“marker” compound used in standardizing SJW extracts is hypericin, even though it is not the only
active principle. SJW also contains among other substances pseudohypericin, protohypericin as
well as flavonoids and volatile oils. The majority of the American products are standardized to
contain at least 0.3 percent hypericin. Some recent products are standardized to what is believed
to be the major anti-depressive agent, hyperforin, at a level between 3 and 5 percent. Some products
are sold as capsules while others are liquid extracts. Finally, many products contain SJW as one of
several possibly active compounds. Of note, the majority of clinical studies conducted in Europe
use a specific extract called LI-160 delivering 900 mg/day of the aerial parts (leaves and flowers) of
the dried herb. Even when products are standardized, batch to batch variability can lead to incon-
sistent therapeutic effects. Thus, the quality of a dietary supplement is difficult to ascertain for
consumers who must rely on independent testing of products (www.consumerlabs.com) or use
products specifically tested in clinical trials. A recent study of 16 SJW products found that most
did not pass quality tests. Some had lower amounts of hypericin and hyperforin, and some had not
labeled the plant part used, as the aerial parts are required for proper isolation and extraction. It
is important that high quality extracts of SJW from reliable sources be used and that quality stand-
ardization is monitored to ensure the proper concentration and safety of the supplement.

5. Based on LB’s depression history, what treatment recommendations would be appro-
priate for LB at this time?

By acquiring a thorough medication and supplement history, the primary care provider will rec-
ognize that the recent addition of SJW may have reduced the effectiveness of warfarin. LB was
counseled to stop taking SJW and increase the dose of warfarin for 3 days before returning to her
stable dose of 3 mg. A more in-depth psychosocial history did not reveal evidence for major depres-
sion. LB was diagnosed with adjustment disorder and was recommended to follow-up in 1 week
for a re-evaluation of her INR. An alternative approach might have been to continue her SJW as
long as it is from a trusted manufacturer and to increase her warfarin to a level that will produce
the desired INR. The patient would need to be instructed that if she decides to stop taking SJW
she would also need to reduce her warfarin dose.
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6. What dietary advice should be provided to all patients on warfarin (anticoagulation)
therapy?

Vitamin K intake will adversely influence the efficacy of warfarin-based anticoagulant therapy,
therefore the most important dietary advice to give patients is to keep their intake of vitamin
K-containing foods and dietary supplements fairly constant from day to day. An understanding of
the dietary vitamin K-warfarin interaction and knowledge of high, medium, and low dietary
sources of vitamin K is necessary for successful anticoagulation.

Higher concentrations of vitamin K are found in dark green leafy vegetables such as spinach,
kale, and collard greens, and in the outer peels of certain fruits, such as apples and grapes. Other
significant dietary sources of vitamin K are certain oils including soybean, canola, cottonseed, and
olive, although values may fluctuate due to the susceptibility of the vitamin K in these oils to both
daylight and fluorescent light (see Appendix D for foods high in vitamin K).
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Case 3 Nutrient Deficiencies and Lead Poisoning in
Children

Gerald F. O’'Malley!, Rika N. O’'Malley’, and Heather McMahon?

! Albert Einstein Medical Center, Philadelphia, PA
* Jefferson Medical College, Philadelphia, PA

OBJECTIVES

e Describe the most common sources of pediatric lead exposure in the United States.

e Describe the current guidelines for the screening and diagnosis of pediatric lead exposure.

e Describe the physiologic effects and nutritional consequences of pediatric lead exposure and toxicity.
e Understand the pathophysiologic processes caused by lead toxicity that lead to vitamin D deficiency.

e Summarize the current recommendations and guidelines for treatment of pediatric lead exposure.

JC is a 4-year-old boy of Hispanic descent who lives in an apartment in an older building in a city
in the northeastern region of the United States with his parents and older siblings. In August, JC
presented for a routine pre-school physical. His mother stated that he is a happy but quiet child
who prefers to sit and read or watch TV. Sometimes when he is playing he will suddenly stop
running and sit down and cry for several minutes and not want to play anymore. Since he was
born, JC and his parents have traveled to Mexico three times to visit relatives.

Past Medical History

JC was born in the United States and has one recorded non-scheduled medical clinic visit to
follow-up for an accidental buckle fracture of his distal right radius bone that occurred when he
fell off a swing set when he was 40 months old. He has no other medical or surgical history, takes
no medications, has no allergies, and is up to date on all his childhood immunizations.

Social/Diet History

JC’s mother reports that he is a fussy eater and normally just picks at the food she gives him, which
consists primarily of fruits and breads. With the help of a nutritionist, JC’s mother estimates that
he eats approximately 1000-1200 kcal/day with less than 30 to 50 grams of protein per week.

Physical Examination
Vital Signs

Temperature: 98.4°F (36.6°C)
Heart rate: 110 BPM
Respiratory rate: 28 BPM
Blood pressure: 92/64 mmHg
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Anthropometric Data

Height: 40.16 inches (102 cm) (15th percentile)
Weight: 35.641b (16.2kg) (25th percentile)
BMI: 15.6kg/m? (50th percentile)

Exam

General: 4-year-old-boy who is quiet and preoccupied with a small toy
Skin: Pale, warm and dry

HEENT: Normocephalic

Lungs: Clear to auscultation

Heart: Regular rate and rhythm

Abdomen: Soft and non-tender

Extremities: Fully developed and full range of motion

Neuro: No deficits

Laboratory Data

Current Labs Normal Values
WBC: 4800/mm’ 5.5-15.5/mm’
Hemoglobin: 8.5 g/dL 11.5-15.5g/dL
Hematocrit: 29.3% 34-40%

Platelets: 165,000/mmol 150-440,000/mmol
MCV: 73.25fL 75-87fL

MCHC: 29.0g/dL 32-36g/dL

Serum lead: 35mcg/dL <3mcg/dL

Serum 25-hydroxyvitamin D: 10 mcg/dL (25nmol/L)

X-rays: Increased calcification at the growth plates of the long bones (lead lines)

Case Questions

1.
2.

What is the most common etiology for pediatric lead exposure in the United States?
What are the current guidelines for the definition and description of lead exposure in
children?

. How does lead toxicity result in vitamin D deficiency?
. What are the signs and symptoms associated with vitamin D deficiency?
. What are the current recommendations for treatment of lead exposure and toxicity and vitamin

D deficiency?

Answers to Questions: Case 3

1. What is the most common etiology for pediatric lead exposure in the United States?
No safe or acceptable blood lead level (BLL) in children has been identified. Despite significant
progress over the past four decades in reducing the prevalence of lead exposure, according to the
Centers for Disease and Prevention (CDC) more than half a million American children between
1 and 5 years old are estimated to have BLLs more than 5pg/dL. The CDC states that poisoning,
which causes learning and behavioral problems and organ damage, affects one in 38 young chil-
dren. The source of lead exposure varies depending on the region and historic and cultural back-
ground. There are three main lead source classifications: environmental, occupational, and
miscellaneous.
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Environmental Exposure of the Child In the environment, lead can be found in leaded paint,
dust, soil, water, air, and food. The largest contribution in lead contamination in the environment
worldwide is from leaded fuel. Tetraethyl lead (TEL) has been used to reduce engine knock since
the 1920s. Despite recognition of the health hazards from lead-containing gasoline, it was not until
1970 that the Clean Air Act required the American petroleum industry to lower the lead content
in gasoline. The Clean Air Act Amendments of 1990 further mandated the elimination of lead from
all motor fuel by 1996. In 1996, about 80 percent of gasoline sold in the world was unleaded and
in many countries lead content in leaded fuel has been lowered. TEL gasoline was the primary
source of atmospheric lead air pollution in the twentieth century but it has been replaced by air-
borne industrial emissions in the United States. Current major sources of lead emission are ore
and metal processing and aircraft engines operating on leaded aviation fuel.

Chipped lead paint and contaminated soil and dust from chipped paint are the primary sources
of pediatric lead poisoning in the United States. In 1972 the Lead-based Paint Poisoning Prevention
Act recognized that chipped lead paint is a hazard and banned the use of lead paint (defined as
lead content of 1 percent by weight or higher) in residential housing. In 1997, the maximum
allowed lead content in paint was lowered to 0.06 percent by the Consumer Product Safety Com-
mission. Because of these regulations, the age of housing is closely related to the presence of lead-
containing paint in the house. It is estimated about two-thirds of houses built in the 1960s and
1970s used lead-containing paint. Children are often exposed to lead through peeled or chipped
paint, indoor dust, outdoor soil, and dust by their hand-mouth behavior. Renovation of old houses
can become a source of lead exposure.

Soil and dust become contaminated with lead paint, TEL gasoline, and lead-containing industrial
emissions. Because of congested traffic patterns and crowded housing, soil in urban areas has a
higher lead concentration than rural soil. In some geographic regions, lead-contaminated dust has
been identified as the most common source of pediatric lead exposure.

In the past, lead was used for plumbing and soldering and so lead may come into contact with
drinking water when older plumbing systems corrode. In 1991, the Environmental Protective
Service published the Lead and Copper Rule (LCR), a regulation that limits the concentration of
lead and copper in public drinking water. Although most drinking water systems in the United
States are compliant, the LCR does not apply to private wells or to water systems that serve less
than 25 people, so these may serve as significant sources of lead in selected patients.

Occupational Exposure Lead was the first industrial metal used by humans and still is one of
the most widely used metals in many industries. It is estimated that 0.5 to 1.5 million workers
are exposed to lead in the workplace in the United States. People who have contact with lead or
lead-containing materials at their work — such as lead miners, refiners, smelters, and construction
workers — are at risk of lead exposure. Some artists may use lead paint or lead-containing materials
for their work. Shooting range instructors and gunsmiths can be exposed to lead since some
ammunitions contain lead. This also may put police officers at higher risk of lead exposure. “Take-
home exposure” can occur through exposed workers bringing contaminated work clothes
home to their family members who may actually be more vulnerable than the workers themselves
because of age, pre-existing medical conditions, and lack of preparedness or personal protective
equipment.

Other Sources Food and beverages can be contaminated with lead. Lead in soil, air, and water
can contaminate vegetables, rice, milk, and fish in some areas. Intake of illicitly produced spirits
(moonshine) leads to elevated blood lead levels because of contamination from lead-containing
automobile radiators used in the distillation process.

Food and beverages packed or stored in lead-lined containers may become contaminated. When
dinnerware decorated with or containing lead is used for serving, lead from the glaze and paints
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can leach into the food. Lead contamination of imported medications, herbs, cosmetics, and home
remedies has been extensively reported. Mexican home remedies for ‘empacho’ (a stomach condi-
tion) such as azarcon and greta have been known to contain lead and may become a source of lead
poisoning in Hispanic patients. Ayurvedic medications have been described as another source of
lead and other heavy metal poisoning.

Although the use of lead paint on products marketed for children has been banned in the United
States since 1978, other countries still may use lead paint for toys that may be imported into the
United States. Lead used in the creation of plastic toys is regulated but not banned. Inexpensive
plastic jewelry for children might become another source of lead exposure to children. Although
simply wearing lead-containing plastic jewelry is not thought to increase blood lead levels, this
jewelry is not recommended for use by children due to the risk of ingestion.

2. What are the current guidelines for the definition and description of lead exposure
in children?

In 1991, the CDC described blood lead levels of >10ug/dL as a “level of concern;” however, in
May 2012, the CDC revised this term and replaced it with an upper reference interval value for
children aged 1 to 5 years of >5pg/dL. The CDC based this revision on a recommendation from
its Advisory Committee on Childhood Lead Prevention. The National Health and Nutritional
Examination Survey cycle from 2007 to 2010 estimates that approximately 2.6 percent (535,000)
United States children aged 1 to 5 years have blood lead levels >5g/d.

The American Academy of Pediatrics Committee on Environmental Health recommends that
practitioners be aware of their local state and community guidelines regarding lead screening for
children and if there are none, screen every child. All children should be tested at least once when
they are 2 years of age or, ideally twice at 1 and 2 years of age. Blood lead levels usually peak at 2
years of age, but that may be too late to prevent peak exposure. A low blood lead level at 1 year of
age does not mean that the level will be similarly low at 2 years of age, so regardless of what the
level is in a 1-year-old child, the level should be repeated at 2 years of age with special considera-
tion given to at-risk populations such as immigrants, foreign-born adoptees, refugees, or children
whose parents work with lead or lead dust or who live in old houses.

3. How does lead toxicity result in vitamin D deficiency?

Lead poisoning typically is the result of oral ingestion or inhalation of lead, with 40 to 45 percent
of ingested particles absorbed by the goastrointestinal (GI) tract and 30 to 40 percent of inhaled
particles absorbed by the lungs. Additionally, those individuals with diets deficient in iron, calcium,
and zinc are at a higher risk for lead poisoning due to the enhanced GI absorption of lead resulting
from these mineral deficiencies. This relationship is fairly well established and numerous studies
show a significant negative correlation between blood lead levels and calcium intake in children.
Once absorbed, children store 70 percent of the body’s total lead burden in bone, whereas adults
store 90 percent of their lead burden in bone. This deposition in bone is one of the mechanisms
by which lead is thought to impair new bone formation, explaining the skeletal signs and symptoms
associated with lead poisoning, such as lead lines. Lead also impacts the kidney, impairing the renal
biogenesis of 1,25[OH],D; by inhibiting the mitochondrial P450 1-hydroxylase enzyme. This
interaction results in an inverse relationship between lead and 1,25[OH],D;. As the blood lead level
increases, the serum 1,25{OH],D; concentration is decreased. Due to this decrease in 1,25[OH],D;
concentration, as a result of the renal enzymatic inhibition by lead, vitamin D is no longer able to
fulfill its role in the maintenance of calcium homeostasis, resulting in an overall negative impact
on bone formation.
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4. What are the signs and symptoms associated with vitamin D deficiency?

Vitamin D is a steroid pro-hormone found in certain foods, and produced in the skin from the
reaction between 7-dehydrocholesterol and ultraviolet radiation. After conversion in the skin to
pre-vitamin D;, it undergoes additional reactions in the liver and kidneys, eventually becoming
1,25[OH],D; or calcitriol, the biologically active form of vitamin D. Calcitriol has several vital
physiologic roles, the most important of which is to promote cell differentiation and intestinal
absorption of calcium and phosphorous. Calcitriol is also a potent stimulator of osteoclast-mediated
bone resorption. These actions work to increase the serum concentration of calcium, making cal-
citriol one of three vital factors in the regulation of both calcium and phosphorous homeostasis
along with parathyroid hormone (PTH) and fibroblast growth factor 23 (FGF23).

Because of the vital role it plays in calcium homeostasis, vitamin D deficiency manifests as the
failure of mineralization of growing bone and cartilage. In children, this failure is designated as
rickets and in adults it is categorized as osteomalacia. Depending on the severity, children may
present with an array of symptoms, ranging from none to pain, irritability, motor delays, poor
growth, and increased susceptibility to infections. Some associated signs of vitamin D deficiency
include widening at the wrists and ankles, genu varum (bowed legs) or valgum (knocked-knees),
prominence of the costochondral junction, delayed closure of fontanelles, craniotabes, and frontal
bossing. Radiographic imaging may show low bone density, loss of the demarcation between the
metaphyses and growth plate, loss of the provisional zone of calcification, and widening of the
growth plate. Vitamin D deficiency in adolescents and adults resulting in osteomalacia may be
asymptomatic or may manifest as isolated or generalized muscle and bone pain. Adults and chil-
dren with severe vitamin D deficiency, occurring most often during periods of increased growth
velocity, may present with hypocalcemia, leading to apneic spells, stridor or wheezing, hypotonia,
muscular weakness, and brisk reflexes, eventually resulting in tetany or seizures.

5. What are the current recommendations for treatment of lead exposure and toxicity
and vitamin D deficiency?

The treatment of lead-exposed children is a specialized area of toxicology and consultation with
a healthcare provider familiar with the management of lead toxicity and chelation therapy is rec-
ommended. Recommendations for chelation are controversial. Any child with evidence of CNS
involvement should be hospitalized and chelation initiated with BAL and CaNa’EDTA. Parents of
all children should be informed of the dangers of lead and recommendations of how to remediate
environmental sources of lead. Succesive elevations of blood lead should incorporate the strategies
outlined in Table 2-5 for lower levels.

Treatment of vitamin D deficiency due to lead exposure should begin with amelioration of the
lead toxicity and include high strength calciferol (ergocalciferol or colecalciferol) for 8 to 12 weeks,
followed by daily or weekly vitamin D supplements.

Table 2-5 Strategies for Treating Lower Levels of Lead in the Blood

Blood Lead Level (ng/dL) Recommendations
10-19 Dietary and environmental Intervention and 3-month follow-up
20-44 Lab and X-ray evaluation including Hgb, Hct, iron, abdominal radiography and

neurodevelopmental monitoring and lead hazard reduction
Decontamination for radiographic evidence of lead contamination

45-69 Chelation therapy with dimercaptosuccinic acid (DMSA or succimer)

>70 Hospitalization and chelation therapy with either succimer for asymptomatic
patients or BAL/CaNa’EDTA for symptomatic patients
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OBJECTIVES *

e Understand the metabolic and physiologic consequences of pregnancy and lactation.

e Recognize the importance of incorporating nutrition into the history, review of systems, and physical
examinations of pre-pregnant and pregnant women.

e Recognize the additional nutritional requirements for women during pregnancy and lactation and
provide appropriate counseling.

e Understand the appropriate weight gain during pregnancy for normal-weight, underweight, and
overweight pregnant women.

e Recommend dietary modifications to help alleviate common nutrition-related problems experienced
during pregnancy.

*Source: Objectives for chapter and cases adapted from the NIH Nutrition Curriculum Guide for Training Physicians.
(www.nhlbi.nih.gov/funding/training/naa)

Introduction

While adequate nutrition is important throughout the lifespan, it is especially crucial for pregnant
and lactating women, whose nutrient and energy demands substantially increase in order to
provide for the needs of their fetus and infant. By understanding the changes in nutritional require-
ments throughout pregnancy and during lactation, healthcare providers can make informed rec-
ommendations regarding diet alterations and supplementation.

Numerous studies have demonstrated that maternal nutrition not only affects the health and
development of the newborn, but also the subsequent health of the growing child, even into adult-
hood. Avoiding nutritional deficiencies during pregnancy promotes optimal outcomes for both
mother and baby; avoiding nutritional deficiencies during lactation promotes prolonged breast-
feeding, maternal health and satisfaction, and optimal infant development.

Metabolic and Physiologic Consequences of Pregnancy

The physiological and biochemical changes that occur during pregnancy have evolved to accom-
modate and promote the growth and development of the fetus. These changes include the develop-
ment and growth of the feto-placental unit, increased maternal blood volume, increased maternal
adipose tissue, decreased gastrointestinal (GI) motility, and breast enlargement to prepare for lacta-
tion. Throughout pregnancy, hormonal alterations create maternal insulin resistance and increase
the uptake of fatty acids in extra-uterine tissues, both of which promote the transport of glucose
to the developing fetus. In order to support the additional energy requirements of her developing
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fetus, a woman must adjust her daily caloric intake throughout pregnancy. The increased require-
ments depend upon pre-conception body mass index (BMI), maternal developmental stage (ado-
lescence versus adulthood), and the gestational age of the pregnancy. Additionally, because the
developing fetus depends entirely on maternal dietary consumption to support nutritional and
metabolic needs, it is crucial that a pregnant woman increases her intake of various nutrients to
ensure that her own resources are not depleted and that fetal requirements are adequately met.

Integrating Nutrition into the Obstetric History

Ideally, every woman should meet with a healthcare provider for a pre-pregnancy physical exami-
nation and nutritional assessment; however, according to the March of Dimes, half of pregnancies
are unplanned. A major objective of the healthcare team is to collect sufficient information to
evaluate the pregnant woman’s nutritional status and identify risk factors for the pregnancy. For
each pregnant patient, a detailed obstetric history should be reviewed, because the outcomes of
previous pregnancies have implications for the current pregnancy. This history should include the
total number and dates of prior pregnancies, maternal and fetal outcomes, and any previous com-
plications, including: low birth-weight infant (<2500 g; <5 pounds 8 ounces), macrosomia or high
birth-weight infant (>4000g; >8 pounds 13 ounces), or small or large for gestational age infant
(<10th or >90th percentile for gestational age).

Weight-gain patterns during previous pregnancies, prior history of nausea, vomiting, or hyper-
emesis during pregnancy, gestational diabetes, eclampsia, anemia, pica, current and previous
weight (BMI), and patterns of contraception use should also be determined. Previous breastfeeding
experience should be assessed, as well as the woman’s planned breastfeeding preference.

The medical history should also identify maternal risk factors for nutritional deficiencies and
chronic diseases with nutritional implications (e.g., absorption disorders, eating disorders, meta-
bolic disorders, infections, diabetes mellitus, phenylketonuria (PKU), sickle cell trait, or renal
disease). Woman who have had a short pregnancy interval (i.e., less than a year between pregnan-
cies) are at increased risk of having depleted nutrient reserves. Maternal nutrient depletion may
be associated with an increased incidence of pre-term birth, intrauterine growth restriction (IUGR),
and maternal morbidity/mortality. Caffeine, tobacco, alcohol, and recreational drug consumption
should be quantified in the medical history, as should any vitamin or herbal supplementation or
alternative pharmacological therapies. A history of medication use should also be obtained to
evaluate the extent to which past or present medications may affect nutrient absorption.

In addition to the medical history, questions regarding professional, social, economic, and emo-
tional stresses and specific religious practices (including dietary restrictions and fasting) should be
included to account for any possible effects on the patient’s nutritional status. Some work environ-
ments adversely impact dietary intake, as they may not provide adequate time to eat or allow access
to only nutritionally marginal food. For this reason, pregnant patients should be asked about the
conditions of their employment, and limitations and potential solutions should be discussed. For
women of lower socioeconomic status, it is important to inquire about access to nutritious food
and the ability to store and prepare food, and referral to food assistance programs may be appro-
priate (e.g., Women, Infants and Children - WIC).

Nutrition Assessment in Pregnancy

The purpose of a nutrition assessment is to identify women with nutritional risk factors that could
jeopardize their health or the health of their fetus. A thorough evaluation of a woman’s nutritional
status prior to or during pregnancy includes clinical, dietary, and laboratory components. Both
patient interviews and written questionnaires are appropriate for gathering information about
current and past dietary practices. Pertinent dietary information includes appetite, meal patterns,
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Table 3-1 Medical Conditions Where Consultation with a Registered Dietitian is Advisable

Pregnancy involving multiple gestations (twins, triplets)

Frequent gestations (less than a three month inter-pregnancy interval)
Use of tobacco, alcohol, or chronic medicinal or illicit drug use

Severe nausea and vomiting (hyperemesis gravidarum)

Eating disorders, including anorexia, bulimia, and compulsive eating
Inadequate weight gain during pregnancy

Adolescence

Restricted eating (vegetarianism, macrobiotic, raw food, vegan)

Food allergies or food intolerances

Gestational diabetes mellitus (GDM) or history of GDM

Prior history of low-birth-weight babies or other obstetric complications
Social factors that may limit appropriate intake (e.g., religion, poverty)

Source: Lisa Hark, PhD, RD. 2014. Used with permission.

dieting regimens, cultural or religious dietary practices, vegetarianism, food allergies, and cravings
and/or aversions. Information about abnormal eating practices, such as following food fads, binge-
ing, purging, laxative or diuretic use, or pica (eating non-food items such as ice, detergent, starch,
chalk, clay, or rocks) is essential. Other relevant information includes the habitual use of caffeine-
containing beverages (more than 200 mg/day), sugar substitutes and other special “diet” foods,
vitamins, minerals, and herbal supplements. Use of dietary supplements may not be volunteered
and their use should be elicited as they may be inappropriate or dangerous during pregnancy. A
woman’s current dietary practice can be assessed using the 24-hour recall, usual intake, or food
frequency questionnaire discussed in Chapter 1.

Some women are receptive to nutrition counseling just prior to or during pregnancy, making
this an opportune time to encourage the development of good nutritional and physical activity
practices aimed at preventing future medical problems such as obesity, diabetes, hypertension, and
osteoporosis. Pregnant and lactating women found to have nutritional risk factors may benefit from
a referral to a registered dietitian (See Table 3-1).

Physical Examination

An essential part of the clinical evaluation is assessing pre-pregnancy weight for height by calculat-
ing the BMI or using BMI tables (Figure 1-1). The BMI is used to evaluate weight status and should
be explained to the patient to help her set appropriate weight-gain goals. Whenever possible, pre-
pregnancy weight should be ascertained from clinical records obtained just prior to pregnancy.
Current weight should be measured and rate of weight gain assessed at each visit.

Maternal Weight-Gain Recommendations
Maternal weight gain is attributable both to increases in the mother’s tissue (increased circulating
blood volume, breast mass, uterine size) and feto-placental growth within the uterus (increased
size of the fetus, placenta, and amniotic fluid volume). During the first half of gestation, weight
gain primarily reflects changes in maternal stores and fluid status. In the second half of gestation,
weight gain is the result of continued maternal accumulation, as well as fetal growth. Rapid weight
gain near the end of gestation, after approximately 32 weeks, usually represents the increase in
tissue edema.

The rate of weight gain during pregnancy is important because maternal weight gain and infant
birth weight are correlated. Most weight gain should occur in the second and early third trimesters
(18 to 30 weeks). Adequate weight gain in the second trimester of pregnancy seems to be predictive
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Table 3-2 Recommended Weight Gain During Pregnancy

BMI Weight Gain (kg) Weight Gain (Ib)
Underweight BMI < 18.5 12.7-18.2 28-40

Normal weight BMI 18.5-24.9 11.4-15.9 25-35
Overweight BMI 25-29.9 6.8-11.4 15-25

Obese

BMI > 30.0 6.8 15

Twin gestation 15.9-20.4 35-45

Source: Recommended Weight Gain During Pregnancy. Institute of Medicine.

of fetal and neonatal weight, even if weight gain is inadequate during the remainder of the
pregnancy.

The Institute of Medicine recommendations (Table 3-2) state that women with low pre-pregnancy
BMI (< 18.5kg/m?) should increase their caloric intake substantially to attain a weight gain between
28 and 40 pounds during the course of pregnancy. Women with normal pre-pregnancy BMI
(18.5-24.9kg/m?) should increase their caloric intake moderately to gain between 25 and 35
pounds during the course of pregnancy, and overweight women with high BMI (25.0 to 29.9kg/
m?) should increase their caloric intake in a more limited fashion, with a goal of a 15- to 25-pound
weight gain during the course of pregnancy. An area of controversy is the weight gain needs of
obese women. Women with a BMI greater than 30kg/m? are considered obese and should gain as
little as 11 to 20 pounds during the pregnancy. For twin pregnancies, the Institute of Medicine
recommends a gestational weight gain of 37 to 54 pounds for women of normal weight, 31 to 50
pounds for overweight women, and 25 to 42 pounds for obese women. Data are insufficient to
determine the optimal weight gain for women with triplet and higher order gestations.

Low Pre-conception BMI (underweight)
Women with low pre-conception BMI (<18.5kg/m?) are at risk for delivering low-birth-weight
infants. If a woman who was underweight before conception does not gain adequate weight during
her pregnancy, these risks are increased. As with general nutritional assessment and treatment, the
optimal time for evaluating and treating underweight women is prior to conception; however, this
is often an unrealistic option. A woman with a BMI of less than 18.5kg/m* who is considering
pregnancy should be encouraged to gain weight before conceiving. If an underweight woman has
conceived without gaining adequate weight, she should be encouraged to gain between 28 and 40
pounds over the course of her pregnancy. Protein—calorie supplementation may assist in correcting
preconception nutritional deficits and provide adequate nutrients for fetal development.
Inadequate weight gain (<21b/month during the second and third trimesters) is associated with
low-birth-weight infants, IUGR, and fetal complications. Inhibited fetal growth usually correlates
with inadequate weight gain. Signs of IUGR include a discrepancy between gestational age and
uterine size or fetal biparietal diameter measured by ultrasonography. Women with inadequate
weight gain or weight loss should have repeated and thorough nutritional evaluations. Careful diet
histories should be taken to determine the adequacy of dietary intake, supplementation should be
provided as necessary, and referral to a registered dietitian is recommended.

Overweight and Obesity
Women with a high preconception BMI (>26 kg/m?) are at risk for developing gestational diabetes
mellitus, gestational hypertension, thromboembolic events, preeclampsia, and for delivering mac-
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rosomic infants (>4000g or 8 pounds 13 ounces). Additionally, the rate of cesarean delivery
increases with an increasing BMIL.

To avoid inadequate intake of crucial nutritional components, which can adversely affect both
mother and fetus, pregnant women with a high pre-conception BMI should limit their weight gain
during the course of their pregnancies. However, they should not severely restrict their caloric
intake such that the nutrients required to sustain a healthy pregnancy are insufficient. Although
there is considerable controversy regarding the management of pregnancy in obese women, the
current guidelines call for limited maternal weight gain. Despite the presence of pre-conception
obesity, severe caloric restriction during pregnancy should not be considered, as caloric restriction
is linked to inadequate intake of important macro- and micronutrients. Even in severe obesity,
carbohydrate recommendations are 175 g/day. Adequate consumption of calcium, iron, folate, B
vitamins, and protein are particularly crucial during pregnancy, regardless of maternal weight. If
caloric intake is inadequate, ingested proteins are catabolized for energy needs and are thus una-
vailable for maternal/fetal protein synthesis. An estimated 32kcal/kg per day is necessary for
optimal use of ingested protein. Severe restriction of caloric intake, paired with severe restriction
of carbohydrate intake, can result in ketosis, which in studies of diabetic women has been shown
to be detrimental for the developing fetus. Ketone bodies are concentrated in amniotic fluid and
absorbed by the developing fetus. Studies have also suggested an association between ketosis and
reduced uterine blood flow. The mental development of children whose mothers have had ketonu-
ria during pregnancy has been shown to be stunted, although the direct causal link between fetal
ketosis and inhibited mental development has yet to be definitively established.

Rapid, excessive weight accumulation is usually the result of fluid retention, which may indicate
development of preeclampsia. Fluid retention in the absence of hypertension or proteinuria is not
an indication for salt restriction or diuretic therapy, but women who retain fluid should be moni-
tored for other signs of preeclampsia. Edema in the lower extremities is caused by the accumulation
of interstitial fluid secondary to the obstruction of the pelvic veins that commonly occurs during
the later stages of pregnancy. Edema can be treated by elevating the legs and wearing support hose.

Slow excessive weight accumulation during pregnancy may be caused by fat deposition. As
excessive weight gain is associated with both maternal and fetal morbidities; weight gain that
exceeds the recommendations appropriate for pre-conception BMI should be monitored. A careful
dietary history should be taken to determine the source of excess weight gain and recommenda-
tions for dietary changes should be offered accordingly.

Adolescence

It is helpful for the healthcare team to stress the importance of good, life-long nutritional habits,
as well as the nutritional changes necessary for optimal pregnancy outcomes. Young adolescents,
in particular, may still be growing and may need to gain additional weight to accommodate normal
growth during the 40 weeks of the average gestation.

The pattern of weight gain, as well as the total weight gain during pregnancy, has been shown
to be particularly important in adolescent women. Inadequate weight gain prior to 24 weeks, even
if total pregnancy weight gain is adequate, is associated with low-birth-weight deliveries in the
adolescent population. Pregnant adolescents should strive for weight gain patterns similar to those
recommended for women with low pre-pregnancy BMI. Adolescents need to fulfill the nutritional
requirements of their own continued growth and development as well as the energy requirements
of their developing fetuses. However, adolescents are more likely to consume diets that are low in
micronutrients, such as iron, zing, folate, calcium, and vitamins A, B¢, and C, and higher in energy
from macronutrients including total fat, saturated fat, and sugar.

Recent research on adolescents suggests that the macronutrient components of the diet are also
important determinants of birth weight. Adolescents whose diets are higher in total carbohydrates
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seem to have lower overall risk of delivering a low-birth-weight baby or having a pre-term delivery
compared to adolescents with diets lower in carbohydrates.

Laboratory Evaluation

Routine tests related to the nutritional status of pregnant women should be performed at the begin-
ning of pregnancy and again during the second trimester. Screening for anemia by checking
hemoglobin and hematocrit is recommended in the first trimester and again at 24 to 28 weeks.
When these measures are low, iron stores should be assessed with serum ferritin and mean cor-
puscular volume (MCV) levels. The clinician must be aware of ethnic or racial differences when
interpreting these laboratory studies. For example, African-American women tend to have higher
levels of ferritin than Caucasian women. Patients of African-American, Southeast Asian, and
Mediterranean descent are also at increased risk for having sickle cell disease, sickle cell trait, and/
or thalassemia. They should be evaluated for these inherited disorders if their initial screen shows
anemia in the presence of normal iron stores. Screening for gestational diabetes using a 1-hour
glucose tolerance test should be done in all patients at 24 to 28 weeks gestation. Urinary screening
for the presence of glucose and protein, as a screen for diabetes and renal disease, respectively,
should be conducted at every visit.

Maternal Nutrient Needs: Current Recommendations

Energy and Protein

The total maternal energy requirement for a full-term pregnancy is estimated at 80,000 calories.
Basal requirements can be determined based on maternal age, stature, activity level, pre-conception,
BMI, and weight gain goals. During the first trimester, total energy expenditure does not change
greatly and weight gain is minimal; therefore, additional energy intake is recommended only in
the second and third trimesters. An additional 340kcal/day is recommended during the second
trimester and 452 kcal/day during the third trimester. Additional protein is needed during preg-
nancy for fetal, placental, and maternal tissue development. Protein recommendations are therefore
increased from 46 g/day for an adult, non-pregnant woman to 71 g/day during all trimesters.

Vitamin and Mineral Supplementation Guidelines

Routine vitamin/mineral supplementation for women reporting appropriate dietary intake and
demonstrating adequate weight gain (without edema) is not mandatory. However, most healthcare
providers prescribe a prenatal vitamin and mineral supplement because many women do not
consume an adequate diet to meet their increased nutritional needs during the first trimester of
pregnancy, especially with regard to folic acid.

Folic Acid

Folic acid deficiency is the most common vitamin deficiency during pregnancy, and insufficient
levels of folic acid are known to cause neural tube defects (NTDs) in the fetus. NTDs include defects
in the formation of the fetal skull, scalp, brain tissue, spinal cord, and vertebrae. For decades, the
association between low levels of folic acid and fetal NTDs has been understood. In addition,
medications known to interfere with folate metabolism such as diphenylhydantoin, aminopterin,
or carbamazepine cause fetal NTDs. In 1991, the Medical Research Council Vitamin Study Research
Group published a study that demonstrated women with a history of a NTD in a prior pregnancy
who took 4mg of folic acid per day before pregnancy and through the 12th week of gestation
experienced a 72 percent reduction in their recurrence risk of NTD. In 1992, the Centers for
Disease Control and Prevention (CDC) recommended that all women of childbearing age take
400 pg/day of supplemental folic acid, in order to ensure adequate levels of folate are present when
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pregnancy occurs, whether intended or not. Because neural tube development and closure is com-
plete by 18 to 26 days after conception, the neural tube is nearly formed by the time a woman
misses her period and becomes aware she is pregnant. Thus, it is especially crucial that women
planning to become pregnant consume adequate folic acid before pregnancy, and continue their
supplementation during the first four weeks of pregnancy. The RDA for folate in women of child-
bearing age is currently 400 ug/day, and for pregnant women is 600 pg/day. Women with a history
of NTD should be advised to consume 4 mg (400 ug) per day of folic acid.

Typically, the diet in the United States has lacked folate-rich food sources and patients might
have been deficient in folate. For this reason, the government began a folic acid fortification
program in 1997. Grain products, such as cereals, pastas, rice, and breads, are now fortified with
folic acid. Good dietary sources of natural folate include dark green leafy vegetables, green beans
and lima beans, orange juice, fortified cereals, yeast, mushrooms, pork, liver, and kidneys. (See
Appendix F: Food Sources of Folate.)

Dietary folate is dramatically influenced by food storage and preparation; for instance, it is
destroyed by boiling or canning. Folate stores are likely to be easily depleted among women who
are of lower socioeconomic status, have folate-deficient diets, or are alcoholics. Additionally, evi-
dence exists to suggest that the long-term use of oral contraceptives inhibits folate absorption and
enhances folate degradation in the liver. Therefore, folate stores may be more rapidly depleted in
women who have used oral contraceptives, which may lead to a higher incidence of folate defi-
ciency in such women if they become pregnant.

Choline

While not essential because it is present in many foods and can be synthesized by the liver, choline
is a popular supplement for pregnant women. Research studies in animals and a limited number
of human trials have demonstrated reduced risk of NTDs with choline supplementation but an
active area of interest is the possibility of reduced risk factors for schizophrenia and increased IQ.

Calcium

Calcium is needed for fetal skeletal development. Additionally, evidence has shown that calcium
supplementation reduces the risk of developing gestational hypertension. Over the course of preg-
nancy, a single fetus requires between 25 and 30g of calcium, which represents only 2.5 percent of
total maternal stores. In the first half of pregnancy, calcium requirement is just an additional 50 mg/
day above the 1000 mg/day required for non-pregnant women. Most of the additional calcium
requirement during pregnancy occurs during the third trimester, during which the fetus absorbs
an average of 300 mg/day. In contrast to maternal iron and folate stores, which are relatively small
and therefore easily depleted, maternal calcium stores are large and are mostly stored skeletally,
allowing for easy mobilization as needed.

The RDA for calcium in women aged 9 to 19 is 1300 mg/day, and in women aged 19 to 50, the
RDA is 1000 mg/day. Obtaining adequate intake of dietary calcium presents no problem for women
who consume at least three servings of dairy foods every day. Women who limit their intake of
dairy foods because of lactose intolerance can often satisfy their daily calcium requirement by
eating yogurt, cheese, calcium-rich vegetables, and products fortified with calcium, such as soymilk,
orange juice, cereal, and bread. (See Appendices G and H: Food Sources of Calcium.)

If increased intake is not possible or effective, supplementation may be needed. Calcium carbon-
ate, gluconate, lactate, or citrate may provide 500 to 600 mg/day of calcium to account for the
difference between the amount of calcium required and that consumed. The tolerable upper intake
for calcium during pregnancy is 2500 mg/day. The standard prenatal vitamin contains 250 mg.
Multivitamins marketed to the non-pregnant population generally have less than 200 mg/serving.
Calcium is thought to be absorbed in doses up to 600mg at one time, making it unlikely that
pregnant women would reach the upper tolerable limit.
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Table 3-3 Diagnosis of Anemia in Pregnancy

Lab Test 1st Trimester 2nd Trimester 3rd Trimester
Hemoglobin (g/dL) <10 10.5 <10
Hematocrit (%) <37 35 <33

Source: Centers for Disease Control and Prevention.

Iron

Iron deficiency anemia during pregnancy has been associated with an increased risk of maternal
and infant death, pre-term delivery, and low-birth-weight babies; and has negative consequences
for normal infant brain development and function. The prevalence of prenatal iron deficiency is
higher in African-American women, low-income women, teenagers, women with less than a high-
school education, and women who have had more than two prior pregnancies. Healthy People 2020
goals include reducing anemia among pregnant females in their third trimester from 29 to 20
percent and reducing ethnic and income disparities. WIC Programs have been successful in reduc-
ing the prevalence of iron deficiency anemia during pregnancy and postpartum.

According to the CDC, screening for anemia should take place prior to pregnancy, as well as
during the first, second, and third trimesters in high-risk individuals. The diagnosis of anemia by
trimester is shown in Table 3-3. Since hemoglobin levels normally decline during pregnancy due
to the significant increase in maternal blood volume, ferritin and MCV should be measured as
diagnostic criteria, since these values remain constant. A serum ferritin level of less than 15ng/mL
warrants aggressive treatment and may require parental iron rather than oral supplementation.

A total iron increase of over 1000 mg is required during pregnancy. Maternal blood volume
increases throughout pregnancy by 30 percent, and this increased erythropoeisis requires an addi-
tional 450 mg of iron to be delivered to the maternal marrow. The fetus and the placenta require
350mg of iron, and approximately 250 mg of iron is lost in blood during delivery. It is difficult for
many women to meet the iron requirements of pregnancy by diet alone. Healthcare providers
generally recommend iron supplementation as a daily supplement of 30 mg of elemental iron in
the form of simple salts, beginning around the twelfth week of pregnancy for women who have
normal pre-conception hemoglobin measurements.

The RDA for iron is 27 mg/day in pregnancy and 9 mg/day for lactating women. For women who
are pregnant with multiple fetuses or those with low pre-conception hemoglobin measurements,
a supplement between 60 and 100 mg/day of elemental iron is recommended until hemoglobin
concentrations are normal. After normalization, iron supplementation of 27 mg/day should be
continued. There are various forms of ferrous salts on the market, each containing a different
amount of elemental iron:

o ferrous fumarate: 106 mg elemental iron/tablet,
o ferrous sulfate: 65 mg elemental iron/tablet,
o ferrous gluconate: 28 to 36 mg iron/tablet.

Iron supplementation can have gastrointestinal side effects such as constipation, therefore a stool
softener or natural laxative should be prescribed with the iron supplement. Because the degree of
gastrointestinal side effects directly correlates with the amount of elemental iron ingested, changing
to a lower-dose of elemental iron is very effective. For example, if a patient cannot tolerate a tablet
of ferrous sulfate (containing 65mg elemental iron), changing to ferrous gluconate (containing
28 mg elemental iron) or iron bis-glycinate (Ferrochel, Gentle Iron) (containing 27 mg elemental
iron) can be effective. Because iron is best absorbed in an acidic medium, iron can be taken with
a 250 mg ascorbic acid tablet or a half-glass of orange juice for optimal absorption. If a patient is
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also taking antacids for gastro-esophageal reflux disease, advise the patient that iron and antacids
should not be taken concurrently. (See Appendix L: Food Sources of Iron.)

Vitamin D

Vitamin D is a fat-soluble vitamin obtained largely from consuming fortified milk or juice, fish
oils, and dietary supplements. It also is produced in the skin with exposure to sunlight. Vitamin
D that is ingested or produced in the skin must undergo hydroxylation in the liver to
25-hydroxyvitamin D [25(OH)D], then further hydroxylation primarily in the kidney to the physi-
ologically active 1,25-dihydroxyvitamin D. This active form supports absorption of calcium from
the gut and enables normal bone mineralization and growth. During pregnancy, severe maternal
vitamin D deficiency has been associated with skeletal anomalies, fractures, and congenital rickets.
Vitamin D deficiency in pregnancy occurs commonly in certain high-risk groups, including veg-
etarians, women with limited sun exposure (e.g., those who reside in northern latitudes) and in
women with darker skin. Although there is insufficient evidence to recommend screening all
pregnant women for vitamin D deficiency, maternal serum 25(OH)D levels can be measured in
women at high risk for deficiency. Although there is no consensus on an optimal serum 25(OH)
D level in pregnancy, most agree that a serum level of at least 20 ng/mL (50 nmol/L) is needed
to avoid bone loss. When vitamin D deficiency is identified during pregnancy, 1000 to 2000 inter-
national units (IU) per day of vitamin D; is recommended. (See Appendix B: Food Sources of
Vitamin D.)

Vitamin A

The RDA for vitamin A is 770pg/day in pregnancy and 1300pg/day during lactation. Severe
vitamin A deficiency is rare in the United States and an adequate intake of vitamin A is readily
available in a healthy diet. Women with lower socioeconomic status, however, may consume diets
with inadequate amounts of vitamin A. Increasing dietary intake of vitamin A is possible and
should be encouraged in lieu of supplementation to avoid excessive intake, which has been reported
to be teratogenic, leading to spontaneous abortions and fetal malformations including micro-
cephaly and cardiac anomalies. A safe upper limit for vitamin A intake during pregnancy has been
recognized at 3000pg/day. Over-the-counter multivitamin supplements may contain excessive
doses of vitamin A and thus should be discontinued during pregnancy. Additionally, topical creams
that contain retinol derivatives commonly used to treat acne should be discontinued during preg-
nancy and in women trying to become pregnant.

Omega 3 Fatty Acids

N-3 Fatty acids are another popular supplement used by many pregnant women, specifically
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). Some research studies have dem-
onstrated higher IQ in babies born to supplemented mothers. Practitioners might encourage fish
oil supplements in their patients who don’t consume fish.

Dietary Fiber

There are no specific recommendations for dietary fiber intake during pregnancy; however,
increased intake of high-fiber foods, such as vegetables, whole grains, and fruit, is reccommended
for the prevention and treatment of constipation. Constipation is a common complication of preg-
nancy due to hormonal changes because progesterone produced in pregnancy relaxes smooth
muscle in the colon and decreases peristalsis. Emphasizing adequate fluid intake is important when
increasing dietary fiber. (See Appendix O: Food Sources of Dietary Fiber.)

Fluids
Pregnancy represents a unique state where circulating blood volume increases by 50 percent. Tissue
fluid also increases, while blood pressure decreases in the second trimester and then returns to
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pre-pregnant levels near term. The dynamic changes of blood volume and blood pressure during
pregnancy require substantial fluid intake in order to maintain blood flow to vital organs. Inade-
quate fluid intake is associated with premature uterine contractions, pre-term delivery, intrauterine
growth restriction, and hypertensive disorders of pregnancy. General recommendations are to
drink at least 64 ounces (1920mL) of water per day. In areas where the water supply is suspected
to contain lead, women should be encouraged to drink bottled water. Excessive lead intake may
result in spontaneous abortion, decreased stature, and impaired neuro-cognitive development of
the baby.

Food Contamination

Food contaminated by contact with heavy metals or pathogenic bacteria can produce devastating
effects on the developing fetus, as most heavy metals are considered teratogenic. In particular, case
reports of teratogenicity or embryotoxicity have been reported involving methyl mercury, lead,
cadmium, nickel, and selenium. In addition, heavy metals can have neurotoxic effects on the fetus.
Mercury can be removed from vegetables by peeling or washing well with soap and water. Con-
sumption of raw fish products and highly carnivorous fish (including tuna, shark, tilefish, sword-
fish, and mackerel) should be limited or avoided during pregnancy. All foods should be handled
in an appropriately sanitary manner to prevent bacterial contamination. All dairy foods and juices
consumed during pregnancy should be pasteurized.

Listeria monocytogenes contamination results in food poisoning during and outside of preg-
nancy. In pregnancy, however, listeriosis can develop into a blood-borne, transplacental infection
that can cause chorioamnionitis, premature labor, spontaneous abortion, or fetal demise. To avoid
listeriosis, pregnant women should wash vegetables and fruits, cook meats, and avoid processed,
pre-cooked meats (cold cuts) and raw cheeses (brie, blue cheese, Camembert, and Mexican
caso-blanco).

Alcohol

Alcohol is a known teratogen. Excessive consumption of alcohol by pregnant women can result in
fetal alcohol syndrome (FAS) which manifests in such fetal deformities as microcephaly, cleft palate,
and micrognathia. Heavy alcohol consumption during pregnancy is also associated with low neo-
natal weight, and deficiencies in B vitamins and protein. Maternal alcoholism contributes to fetal
nutritional deficiencies because it inhibits maternal absorption of nutrients, and increases nutrient
losses (e.g., zinc).

While it is certain that heavy maternal drinking is harmful to developing fetuses, the issue of
whether a modest amount of alcohol consumption is acceptable during pregnancy remains con-
troversial. There is no known safe level of alcohol consumption during pregnancy; therefore, it is
currently recommended that alcohol intake be avoided by pregnant women and women attempting
to become pregnant. According to the American College of Obstetrics and Gynecology, no amount
of alcohol consumption can be considered safe during pregnancy. Alcohol should be avoided
entirely throughout the first trimester. Although the debate remains as to whether mild-to-mod-
erate drinking affects fetal development in the latter trimesters of pregnancy, the Council on Sci-
entific Affairs of the American Medical Association also recommends abstinence from alcohol
throughout pregnancy. The CDC recommends that clinicians identify women at risk in the pre-
conception period and provide education and support for cessation of alcohol use.

Cigarette Smoking

Nicotine consumption during pregnancy has been consistently associated with low neonatal weight.
If women who smoke become pregnant, they should be advised to discontinue cigarette use for
the sake of their fetuses.
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Caffeine

According to the March of Dimes, women who are pregnant or trying to become pregnant should
limit their caffeine intake to no more than 200 mg/day, which is equivalent to about two 8-ounce
cups of brewed coffee. During the first trimester, excessive caffeine intake is shown to increase the
risk of spontaneous abortion (miscarriage). The United States Food and Drug Administration
recommend that pregnant women reduce their intake of caffeine from all sources. Since caffeine
is present in teas, hot cocoa, chocolate, energy drinks, coffee ice-cream, and soda, it is best to advise
decaffeinated beverages for women who are pregnant or trying to become pregnant.

Exercise during Pregnancy

Many studies support the benefits of moderate exercise in women whose pregnancies are consid-
ered low risk. According to the American College of Obstetricians and Gynecologists, most preg-
nant women should participate in 30 minutes or more of moderate exercise on most, if not all,
days. Safe activities include walking, swimming, dancing, and yoga. Regular physical activity
improves posture, promotes muscle tone, strength, endurance, energy level, and mood, while
reducing constipation, backache, fatigue, sleep disturbances, and varicose veins. It may help reduce
the risk of diabetes and high blood pressure during pregnancy and help women recover faster after
delivery.

Pregnant women should be advised to avoid contact sports and any activities that can cause even
mild trauma to the abdomen, such as ice hockey, kickboxing, soccer, and basketball, as well as
activities with a high risk for falling, such as gymnastics, horseback riding, downbhill skiing, vigor-
ous racquet sports, and scuba diving. They should be advised to drink plenty of fluids before,
during, and after exercise and avoid hot tubs, saunas, and jacuzzis. Warning signs to stop exercising
include vaginal bleeding, uterine contractions, decreased fetal movement, fluid leaking from the
vagina, dizziness or feeling faint, increased shortness of breath, chest pain, headache, muscle weak-
ness, and calf pain or swelling.

Common Nutrition-related Problems during Pregnancy
Discomforts of pregnancy such as nausea and vomiting, constipation, and heartburn may generally
be improved by implementation of the guidelines summarized here.

Nausea and Vomiting

Nausea and vomiting seem to be associated with increased levels of the pregnancy hormone human
chorionic gonadotropin (HCG), which doubles every 48 hours in early pregnancy and peaks at
about 12 weeks gestation. Nausea is experienced by 60 percent of pregnant women and, of these,
only a small percent require hospitalization for severe hyperemesis gravidarum.

Heartburn and Indigestion

Heartburn and indigestion are usually caused by gastric content reflux that results from both lower
esophageal pressure and decreased motility. Limited gastric capacity, secondary to a shift of organs
to accommodate the growing fetus, contributes to these symptoms in the third trimester of preg-
nancy. Strategies for managing heartburn or indigestion are the same as those suggested for manag-
ing nausea and shown in Table 3-4.

Constipation

Constipation during pregnancy is associated with an increase in water reabsorption from the large
intestine. In addition, smooth muscle relaxation with resultant slower gastrointestinal tract motility
occurs during pregnancy. The pregnant woman often notes overall gastrointestinal discomfort, a
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Table 3-4 Strategies for Managing Nausea, Vomiting, Heartburn, and Indigestion in Pregnancy

Eat small, low-fat meals and snacks (fruits, pretzels, crackers, non-fat yogurt) slowly and frequently

Avoid strong food odors by eating room temperature or cold foods and using good ventilation while cooking
Drink fluids between meals, rather than with meals

Avoid foods that may cause stomach irritation such as spearmint, peppermint, caffeine, citrus fruits, spicy foods,
high-fat foods, or tomato products

Wait 1 to 2 hours after eating a meal before lying down

Take a walk after meals

Wear loose-fitting clothes

Source: Lisa Hark, PhD, RD. 2014. Used with permission.

Table 3-5 Strategies for Managing Constipation in Pregnancy

e Increase fluid intake to 2 or 3 quarts per day (water, herbal teas, non-caffeinated beverages)
o Increase daily fiber intake (high-fiber cereals, whole grains, legumes, bran)

e Use psyllium fiber supplement (Metamucil)

e Increase consumptions of fruits and vegetables (fresh, frozen, and dried)

o Participate in moderate physical activity (walking, swimming, yoga)

Source: Lisa Hark, PhD, RD. 2014. Used with permission.

bloated sensation, an increase in hemorrhoids and heartburn, and decreased appetite. Strategies
for managing constipation during pregnancy are shown in Table 3-5.

Gestational Diabetes Mellitus

Gestational diabetes mellitus (GDM) is defined as glucose intolerance with onset or first recogni-
tion during pregnancy. It occurs in approximately 4 percent of all pregnancies, resulting in more
than 135,000 cases annually. GDM is caused by the insulin-antagonizing effects of pregnancy
hormones, including human placental lactogen, growth hormone, corticotropin releasing hormone,
and progesterone. Prevalence rates are higher in African-American, Hispanic, Native American,
and Asian women than in white women. Current recommendations are that all pregnant women
be screened for GDM at 24 to 28 weeks of gestational age, as the use of risk factors alone may fail
to identify up to 50 percent of patients with GDM. For high-risk patients, screening at the first
prenatal visit, or by 16 weeks, is recommended. High-risk patients are those with a personal history
of abnormal glucose tolerance, obesity, a first-degree relative with type 2 diabetes, ethnic groups
with a high prevalence of gestational diabetes (African-American, Native American, Southeast
Asian, Pacific Islander, Hispanic), glucosuria, or prior obstetric history consistent with diabetes
(e.g., macrosomia, fetal anomalies, neonatal hypoglycemia).

The main screening tool for GDM is a 150 mL, 50-g glucose load with a 1-hour serum glucose
blood test. A result greater than or equal to 130 to 140 mg/dL for the 1-hour screen is abnormal.
For the roughly 20 percent of patients who test positive, a 3-hour 100-g glucose load test is per-
formed. The diagnosis of GDM is made when two or more serum glucose values are met or
exceeded on the 3-hour test.

After delivery, approximately 90 percent of all women with GDM become normoglycemic but
they are at increased risk of developing type 2 diabetes later in life. According to the Diabetes
Prevention Program (DPP), this risk is at least 40 percent over the 3 years following the pregnancy.
Additionally, women with a history of GDM have a 33 to 50 percent risk of recurrence in a sub-
sequent pregnancy, and some of these recurrences may represent unrecognized type 2 diabetes.
Thus, it is recommended that a patient with GDM be re-screened for type 2 diabetes after
pregnancy.
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The goal of treatment is to prevent the maternal and fetal complications associated with GDM.
These complications include fetal macrosomia and its attendant fetal and maternal injury associ-
ated with delivery (increased risk of cesarean section, operative vaginal delivery, and shoulder
dystocia). Additional fetal complications include a possible increased incidence of fetal death and
ketonemia, which has been associated with lower intelligence scores at 2 to 5 years of age.

Medical Nutrition Therapy for Gestational Diabetes
The goals of medical nutrition therapy for GDM are to provide appropriate calories for gestational
weight gain, achieve and maintain normoglycemia, and avoid ketonemia and ketonuria. Individu-
alization of the meal plan is recommended as the ideal percentage and type of carbohydrate are
uncertain. Monitoring blood glucose, urine or blood ketones, appetite, and weight gain is essential
for individualizing the meal plan and for adjusting the meal plan throughout pregnancy.

Generally, 40 to 45 percent of total energy intake should be from carbohydrate, which is distrib-
uted throughout the day into three small-to-moderate size meals and two to four snacks. An
evening snack is usually needed to prevent accelerated ketosis overnight. Carbohydrate is not as
well tolerated at breakfast as it is at other meals, possibly due to the associated increased levels of
cortisol and growth hormones. Therefore, the initial meal plan may limit carbohydrate to 30g at
breakfast with adjustments made later based on blood glucose monitoring results. To satisfy hunger,
protein-rich foods can be added.

Patients with serum glucose values persistently above the thresholds require the addition of
insulin therapy in order to achieve adequate glycemic control. Recent data evaluating the use of
second-generation sufonylureas, like glyburide, are encouraging but require more study.

Pregnancy following Bariatric Surgery

As the rate of obesity increases worldwide among reproductive-age women, so too does the rate
of women seeking weight-loss surgery — known as bariatric surgery. Therefore, it is important for
healthcare providers to know how to care for this specific population. Bariatric surgery may be
considered in patients with class III obesity (BMI >40kg/m?) or class II (BMI >35kg/m?) with
co-morbid conditions and failure of nonsurgical treatment. There are two major types of bariatric
surgical procedures as reviewed in Chapter 1, Case 2: (1) malabsorptive procedures including the
Roux-en-Y gastric bypass (RYGB) and biliopancreatic diversion (BPD) and (2) restrictive proce-
dures including adjustable gastric banding.

Patients who have undergone malabsorptive procedures are at high risk for nutritional deficiency
after surgery. After bariatric surgery, manipulation of the gastrointestinal tract prevents adequate
absorption of iron, folate, vitamin B,,, calcium, and vitamin D from the small intestine. Reduction
in stomach size also alters production of intrinsic factor, which is needed for absorption of vitamin
B,, in the terminal ileum.

If micronutrient supplementation is inadequate after bariatric surgery, poor pregnancy outcomes
can be expected. Iron and vitamin B,, deficiencies will lead to maternal anemia. Case reports have
described neural tube defects from folate deficiency, microphthalmia from vitamin A deficiency,
fetal cerebral hemorrhage from vitamin K deficiency, and Wernicke’s encephalopathy from thiamin
deficiency.

Vitamin and mineral supplementation should be tailored to meet each patient’s particular surgi-
cal history. Often, it is possible to replace the patient’s multivitamin with a prenatal vitamin, and
add additional calcium, vitamin B,,, iron, and folate as necessary. Patients may find chewable and
liquid prenatal vitamins most palatable and best tolerated. Vitamin A causes birth defects and thus
the total amount of vitamin A should still be limited to 50001U/day during pregnancy.

Screening for micronutrient deficiency is of utmost importance in pregnant patients who have
undergone bariatric surgery. Studies have shown that fewer than half of post-operative bariatric
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surgery patients continue to take the prescribed multivitamin supplement long-term; and thus,
patients without pre-conception counseling may have micronutrient deficiencies at the start of
pregnancy. Pre-conception evaluation should include the following: complete blood count, ferritin,
iron, vitamin B,,, thiamin, folate, calcium, and vitamin D,

If it is not possible to undergo pre-conception counseling, checking levels at the first prenatal
visit is recommended. Any deficiencies should be corrected and monitored monthly. Each trimes-
ter, complete blood count, iron, ferritin, vitamin B,,, calcium and vitamin D5 should be evaluated.
Monitoring and supplementation should be continued while the patient is breastfeeding. Supple-
mentation should first begin with an oral preparation; however, a parental form may be required
if levels continue to be inadequate.

The American College of Obstetricians and Gynecologists recommends that obese women who
have undergone bariatric surgery receive the following counseling before and during pregnancy:
o All patients are advised to delay pregnancy for 12 to 18 months after surgery so that pregnancy

is avoided during the rapid weight loss phase.

o Women with gastric banding should be monitored by their general surgeons during pregnancy
because adjustments of the band may be necessary.

o Patients should be evaluated for nutritional deficiencies, including iron, vitamin B,,, folate,
vitamin D, and calcium, and supplemented with vitamins as necessary.

Fetal Growth after Bariatric Surgery The data on fetal growth after bariatric surgery is incon-
clusive. However, studies have shown that caloric and protein restriction during pregnancy can
impair fetal growth and does not improve pregnancy outcome. Thus, even patients who continue
to be obese after bariatric surgery should not restrict calories during pregnancy.

To monitor for intrauterine growth restriction and small-for-gestational-age fetuses, maternal
weight gain should be carefully monitored, and an early third trimester ultrasound to evaluate fetal
growth should be performed.

Gestational Diabetes Screening after Bariatric Surgery Patients are typically screened for
gestational diabetes using a 50-g glucose load at 24 to 28 weeks of gestation. However, patients who
have undergone RYGB may experience dumping syndrome after consuming this glucose load, and
thus the 1-hour glucose tolerance test is not recommended in these patients. Dumping syndrome
may occur after consumption of a high sugar load, which causes a hyper-osmolar environment in
the small bowel. This causes fluid to shift rapidly from the blood into the small bowel, which causes
distension, cramping, nausea, vomiting, and diarrhea. The decrease in intravascular blood volume
can cause tachycardia, palpitations, and diaphoresis, while a hyperinsulinemic response can cause
reactive hypoglycemia. To screen for GDM in patients who have undergone RYGB, patients can
be instructed to check their fasting and 2-hour post-breakfast blood sugars for 1 week during the
period of 24 to 28 weeks gestation. Of note, patients who regularly drink and tolerate sugared soft
drinks are unlikely to experience dumping syndrome after the 1-hour glucose tolerance test and
can be screened using the traditional method.

Lactation
Metabolic and Physiologic Changes during Lactation
Breast enlargement begins early in pregnancy due to the hormones generated by the pituitary gland
and the corpus luteum. The lacteal cells also differentiate in preparation for milk production that
begins when the infant is born. As the breast undergoes these preparatory changes, the areola (the
pigmented area surrounding the nipple) becomes darker and more prominent, and the skin over
the nipple becomes more elastic and more erect in order to facilitate suckling.

Lactogenesis is believed to be initiated by the abrupt decrease in progesterone and estrogen fol-
lowing parturition (giving birth). As the infant begins to suckle, stimulating the receptors in the
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nipple and areola, nerve impulses are sent to the hypothalamus. The hypothalamus, in turn, stimu-
lates the release of the hormones oxytocin and prolactin from the posterior pituitary gland. Prol-
actin stimulates milk production in the breast, and oxytocin stimulates myoepithilial cells around
ducts to contract and ejects milk from the alveolus. Milk accumulates in the lactiferous sinuses
under the areola and is released when the areola is compressed between the baby’s tongue and
palate.

Benefits of Breastfeeding

Breast milk contains the following components and many of these work alone or in combination

to minimize the risk of infection in the nursing infant:

o Leukocytes (specifically, macrophages)

« Immunoglobins (secretory IgA, IgG, IgM, and antiviral antibodies)

« Bifidus factor (to support Lactobacillus bifidus)

« Lysozymes (to promote bacterial lysis)

o Interferon

o Lactoferrin (to bind whey protein and inhibit Escherichia coli colonization)

o Lactadherin (to protect against symptomatic rotavirus infections)

o Growth factors and cytokines (bFGE, EGE, NGEF, TGE G-CSE interleukins, TNF-alpha and
others)

o Prostaglandins

« Hormones (pituitary, hypothalamic, and steroid)

o Gastrointestinal peptides (VIP, gastrin, GIP)

o Other unique components (e.g., complement factors, glutamine, oligosaccharides, nucleotides,
and long-chain polyunsaturated fatty acids).

Breastfed infants are hospitalized less frequently during the first 6 months of life. Significant
healthcare cost savings from the decreased incidence of lower respiratory infections, otitis media,
and gasteroenteritis are associated with breastfeeding. Strong evidence suggests that human milk
also decreases the incidence and severity of diarrhea, bacteremia, bacterial meningitis, urinary tract
infections, and necrotizing enterocolitis. Many studies have demonstrated the protective effect of
breast milk against immune- or autoimmune-related diseases (e.g., chronic and inflammatory
bowel diseases, type 1 diabetes, allergic diseases). Breast feeding infants may also prevent sudden
infant death syndrome (SIDS) and cancers such as leukemia and lymphoma. Breastfeeding pro-
motes jaw and tooth development in the infant, and enhances maternal-fetal bonding.

Breastfeeding mothers experience an earlier return to pre-gravid weight, decreased accumula-
tion of adipose tissue, delayed return of ovulation with increased pregnancy spacing, improved
bone remineralization upon resumption of menses, and reduced risk of ovarian and premenopausal
breast cancer. Breast milk also offers the added benefit of convenience; it is at the proper tempera-
ture, and requires neither preparation nor storage.

Types of Breast Milk

As time passes, the composition of breast milk changes from colostrum, to transitional, to mature
milk. Colostrum is produced during the later stages of pregnancy and is present in highest con-
centration during the first few days of lactation. It is high in protein, immunoglobins, beta-carotene,
sodium, potassium, chloride, fat-soluble vitamins, minerals, and hormones. Colostrum promotes
growth of bifidus flora and maturation of the gastrointestinal tract and meconium passage. Tran-
sitional milk is produced 1 to 2 weeks post-partum. It is higher in fat and lactose and lower
in protein and minerals than colostrum. Mature milk is usually produced by the fifteenth day of
lactation through the termination of lactation. It is composed of emulsified fat and lactose, it pro-
vides 20 to 22 calories/ounce and is nutritionally optimal.
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Breast milk is rich in nutrients and other substances essential to growth and development during
the first 6 months of life. When breastfeeding, women should encourage their infants to suckle on
each breast for as long as the infant shows signs of hunger; approximately 10 to 15 minutes per
breast. It is important to teach nursing mothers early signs of hunger. Crying is a very late sign.
Signs of hunger include sucking movements, bringing the hands to the mouth, rapid eye move-
ments, soft cooing or sighing sounds, and restlessness. Mothers should be encouraged to feed at
least eight times in each 24-hour period, as breast milk is easily digested and clears the gut faster
than formula. The emptying time of breast milk from the infant’s stomach is, on average, 1.5 hours,
compared with 3 hours for formula-fed infants.

Breast Milk Composition

Fat Breast milk is rich in most nutrients required to sustain the newborn’s appropriate growth
during the first 6 months of life. The total amount of fat in breast milk is constant, but its composi-
tion varies with the duration of the feeding. Initially, breast milk has a relatively low fat content.
Following the first let-down reflex, breast milk becomes higher in fat and calories. The fat content
of breast milk provides 50 percent of the infant’s total energy requirements in readily absorbable
form. Therefore, it is essential that the infant be allowed to nurse on each breast until he or she is
satisfied to derive the fat calories from the feeding. Encouraging the infant to suckle on each breast
for 10 minutes or more ensures adequate calorie consumption.

Protein Breast milk contains whey and casein proteins. Whey accounts for roughly 70 percent of
the total protein in breast milk, mainly in the form of alpha-lactalbumin, lactoferrin, and secretory
IgA. Casein accounts for the remaining 30 percent of breast milK’s total protein composition and
forms micelles that enhance the absorption of calcium, phosphorous, iron, zinc, and copper. The
total protein concentration is relatively low, but it is the optimal concentration for infant
nutrition.

Carbohydrate The primary carbohydrate source in breast milk is the disaccharide lactose. Small
amounts of glucose and immunologically active oligosaccharides and glycoproteins are also present.

Vitamin D Some breastfed infants are at risk for rickets caused by vitamin D deficiency because
breast milk contains only small quantities of this nutrient. The risk is enhanced for dark-skinned
infants of mothers with decreased vitamin D; levels resulting from dietary deficiencies and/or
minimal sun exposure. Currently, the American Academy of Pediatrics recommends that all exclu-
sively breastfed infants receive 400IU of vitamin D daily by 2 months of age regardless of skin
color.

Vitamin K Breast milk contains only small traces of vitamin K. However, supplementation is
generally unnecessary, as most infants receive vitamin K injections immediately following delivery
to prevent hemorrhagic disease of the newborn. All breastfed infants should receive 1 mg of vitamin
K oxide intramuscularly after the first feeding is completed. This should be within the first 6 hours
of life.

Nutritional Recommendations for Lactating Women

Energy and Protein

Approximately 85kcal are required to produce 100 mL of breast milk. Stored energy from maternal
fat reserves provides 100 to 150kcal/day, but this may not be sufficient. Therefore, daily caloric
intake of lactating women is recommended at 500 kcal/day for the first 6 months and 400kcal/day
for 7 to 9 months. This may not be necessary for all women. Postpartum women should avoid diets
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and medications that promise rapid weight loss. Weight loss should always be gradual, particularly
for lactating women, who require more calories than non-lactating women to support breast milk
production. Protein requirements for lactating women are recommended at 71 g/day.

Calcium

Normally 2 to 8 percent of total body calcium is mobilized for breast milk production during lacta-
tion and this will be restored following the onset of menses. Diets of adults of low socioeconomic
status are often low in calcium.

Iron

Iron requirements are lower during lactation (9 mg/day) than during pregnancy (27 mg/day) until
menstruation resumes (18 mg/day). In the United States, studies of lactating women consuming
2700kcal/day suggest that they are not likely to meet the RDAs for calcium and zinc. Diets that
contain less than 2700kcal/day may also be low in magnesium, vitamin By, and folate. Adolescent
mothers” diets may be particularly low in iron.

Vitamin Supplements

Prenatal vitamin supplements are routinely prescribed to lactating women to ensure adequate
intake. However, lactating women should be encouraged to obtain their nutrients from a well-
balanced, varied diet. Also, they should continue to drink to thirst or about 2 to 3 quarts of fluids
per day to prevent dehydration. Guidelines from the American Academy of Pediatrics advise sup-
plementation with 400IU of vitamin D; should be initiated within days of birth for all breastfed
infants.

Common Problems Experienced while Breastfeeding

Healthcare providers can readily manage most of the common problems associated with breast-
feeding; however, referral to a mother-to-mother support group can be very helpful for many
common problems and referral to a Certified Lactation Consultant can ensure continued lactation
when problems are more complex.

Mastitis Mastitis is an infection of the breast tissue that up to 30 percent of lactating women may
experience. Symptoms include breast pain, swelling, flu-like symptoms, headache, and fever. Mas-
titis is caused by bacteria that enter the breast through a break or crack in the skin of the areola
or through the opening to the milk ducts. Bacteria from the skin or the infant’s mouth enter the
milk duct and can multiply, leading to pain, redness, and swelling of the breast as the infection
progresses. Clogged milk ducts, cracked nipples, feeding on one breast only, wearing a tight bra,
wet breast pads, infrequent feeding, anemia, fatigue, and stress can also increase the risk of devel-
oping mastitis. It is important to advise women to nurse frequently, feeding on the unaffected breast
first. Antibiotics are typically prescribed and should be taken for 10 to 14 days. Getting plenty of
rest, wearing a comfortable bra, and changing breast pads often can help prevent the development
of mastitis.

Contraindications to Breastfeeding

Infectious Disease Women with active, untreated tuberculosis, typhoid, active herpes in the area
of the breast, rubella, mumps, or human immunodeficiency virus (HIV) should not breastfeed
their infants. In some developing countries, the infant mortality risks of not breastfeeding
may override the morbidity and mortality risks associated with the possible acquisition of such
maternal infections. The main route of transmission of HIV from mother to child is breastfeeding;
transmission of the virus can be prevented by encouraging use of commercial infant formulas and
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discouraging breastfeeding for infants of HIV-positive mothers. Other common infections, such
as influenza, should not interfere with breastfeeding.

Other contraindications for breastfeeding in the United States are infants with classic galactos-
emia, mothers who are positive for human T-cell lymphotropic virus type I or I, mothers receiving
exposure to radioactive isotopes, mothers on specific antimetabolite or chemotherapeutic agents,
and mothers using drugs of abuse. It is important to note that there are many conditions for which
mothers have been told to avoid breastfeeding that are indeed compatible with breastfeeding.
Cytomegalovirus (CMV) is not a contraindication for breastfeeding in the term baby. The clinician
must weigh the risk benefit of breastfeeding in the premature infant born to a mother with CMV.
Women who have hepatitis B or C can be encouraged to breastfeed.

Medications As in pregnancy, some medications, herbal remedies, nutritional supplements, and
alternative therapies should be avoided during lactation. Several drugs, including nicotine and
estrogen-containing oral contraceptives, can decrease milk supply and interfere with milk produc-
tion. Medications can pass through human milk to the infant. It is best to evaluate each medication
individually before making a decision about use. Considerations include the molecular weight of
the drug, peak concentration, protein binding, half-life, relative infant dose (RID), infant age,
maternal dose, risk/benefit to mother and baby, and alternative medication options. Drugs pass
into human milk if they are highly lipid soluble, have a low molecular weight (<500), low protein
binding, or are in high concentration in maternal plasma.

There are several resources available to help make decisions about medication use. The American
Academy of Pediatrics’ position statement, entitled “The Transfer of Drugs and Other Chemicals
Into Human Milk,” is included in the Breastfeeding Handbook for Physicians. Discussion about
contraception should include the risk of milk supply depletion with all hormone-related forms of
birth control. Medications that are contraindicated for breastfeeding women include bromocrip-
tine, tetracycline, cyclophosphamide, cyclosporine, doxorubicin, ergotamine, lithium, methotrex-
ate, phencyclidine (PCP), and phenindione.

Substance Abuse Substance abuse and the use of recreational drugs should be actively discour-
aged during lactation. Illegal substances, such as amphetamines, cocaine, heroin, or marijuana, as
well as nicotine pass into breast milk when ingested by the mother and should be discouraged.
Addicted women should be encouraged to enter appropriate treatment programs and should be
drug free before lactation is initiated. Lactating women should be advised to quit smoking because
in addition to the long-term health risks, smoking decreases breast milk volume and is associated
with shortened exclusive and total breastfeeding duration. Modest consumption of coffee and
alcohol (i.e., less than one to two cups/drinks daily) is not known to adversely affect lactation or
the infant’s health. Alcohol does pass readily into breast milk so its intake should be limited.

Promotion and Support of Breastfeeding

As healthcare professionals, it is our ethical and professional responsibility to promote, protect,
and support breastfeeding. Women should be informed of not only the benefits of breastfeeding
but the inherent risks of not breastfeeding. Position papers published by the American Academy
of Pediatrics, American Dietetic Association, and the International Lactation Consultants Associa-
tion provide guidance for clinicians in supporting breastfeeding efforts. The American Academy
of Family Physicians also has excellent guidelines on the clinical management of breastfeeding.
Breastfeeding infants should be monitored closely for their growth and observation of the mother-
infant dyad should be a routine part of postpartum care. Breast milk is the optimal food source
for infants.
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OBJECTIVES

e Define the prevalence, etiology, and pathogenesis of neural tube defects (NTDs).
e Describe the association between folate levels and prevention of NTDs in the developing fetus.

e Evaluate the risk of having a child with a NTD given a pre-pregnant woman'’s detailed medical,
obstetric, dietary, and social history,

e Evaluate the nutritional adequacy of a pre-pregnant woman'’s diet.

PL is a 32-year-old married Puerto-Rican-American woman who has missed her period and dis-
covers that she is pregnant. This was an unplanned pregnancy and PL presents for her first prenatal
visit at 5 weeks of gestation (normal gestation period is 40 weeks). She is a gravida 3 para 1011;
G3P1011.

Obstetrical History Notation

The mother’s obstetrical history is described in an acronym in terms of gravity (G): the
number of times the mother has been pregnant; and parity (P) the number of times the
mother has had a birth. Parity includes four components — TPAL: T = full-term births
>38 weeks gestation; P = pre-term births <37 weeks gestation; A = spontaneous,
therapeutic abortions, ectopic pregnancies; L = live children.

When accessing PL's gravity and parity status her obstetrical history includes: one full-term
birth, no pre-term births, one miscarriage and one living child at home and she is currently
pregnant, thus her G and P would be documented as: G2 P1011.

Past Medical/Surgical and Obstetric History

PLs previous birth was delivered by cesarean section for arrest of the normal progress of labor at
39 weeks gestation. Her infant weighed 7.5 pounds (3.4kg) at birth. She was not hypertensive and
had no history of gestational hypertension during her previous gestation. Her 1-hour glucose toler-
ance test at 28 weeks was normal in her first pregnancy. She denies any history of chronic medical
problems or any surgeries other than the cesarean section and a dilation and evacuation at the time
of her miscarriage. PL currently takes no medications, vitamins, minerals, or herbal supplements.
She denies any allergies or food sensitivities to medications or foods.
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Social History

PL stays at home to care for her 2-year-old daughter. She reports having little free time to exercise.
She does not smoke or drink alcohol. She denies any history of sexual abuse or domestic violence.
She lives at home with her husband and daughter.

Family History

PL has a sister-in-law (her husband’s sister) who had a 24-week loss of a baby found to have anen-
cephaly. Her parents, siblings, and other nieces and nephews are all in good health and free from
chronic diseases. Both of her paternal grandparents had coronary artery disease prior to their
deaths in their mid-sixties. Her maternal grandmother has type 2 diabetes mellitus which is con-
trolled on oral hypoglycemic agents and her maternal grandfather died at 54 years of age from a
myocardial infarction.

Physical Examination

Vital Signs

Temperature: 98.4°F (37°C)

Heart rate: 80 BPM

Respiration: 18 BPM

Blood pressure: 120/70 mm Hg
Height: 56" (168 cm)
Current/usual weight: 1451b (66kg)
BMI: 23.5kg/m’

Exam

General: Tired-looking, pale, in no acute distress

Heart: Regular rate and rhythm with no murmurs, rubs, or gallops

Resp: Lungs clear to auscultation and percussion

Abdomen: Soft and non-tender without any masses

Pelvic: External genitalia normal, cervix clear on speculum exam, uterus soft and top-normal size
(consistent with 5 week pregnancy) with no adenexal masses on bimanual exam, no tenderness
Extremities: Varicose veins with no clubbing, cyanosis or edema, veins non-tender and not inflamed

PL's 24-Hour Dietary Recall
Breakfast (home)

Bagel 1 large

Cream cheese 1 Tbsp.

Coffee 1 cup

2 percent low-fat milk 1 ounce (30mL)

Lunch (home)

Turkey breast lunchmeat 3 ounces (85g)
Potato bread 2 slices
Mayonnaise 1 Tbsp.

Diet Coke 12 ounces (360 mL)

Snack (home)
Pretzels 1 ounce (28g)
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Dinner (home)

Fried flounder 5 ounces (142 g)
Corn on the cob 1 ear

Margarine 1 Tbsp.

Diet Coke 12 ounces (360 mL)
Low-fat frozen yogurt 1 cup

Total calories: 1521 kcal

Protein: 80g (21 percent of total calories)

Fat: 54 g (32 percent of total calories)
Carbohydrate: 179 g (47 percent of total calories)
Calcium: 608 mg

Iron: 10mg

Folate: 238 g

Case Questions

1. What is the physiologic basis for the increased folate requirements for normal neural tube
development during pregnancy?

2. What is the prevalence of neural tube defects (NTDs) in the United States and who is at higher
risk of having a child with an NTD?

3. What is the evidence that folic acid supplementation reduces the risk of neural tube defects?

4. How can an individual develop a folate deficiency? Which populations are at risk for low-folate
intake?

5. Describe the rationale for the food fortification program and its potential benefits.

6. List food sources high in folate. Based on the nutrition assessment of PLs diet history, what
dietary modifications would you suggest?

7. Should a vitamin and mineral supplement be considered for this patient? Why or why not?

Answers to Questions: Case 1
Part 1: Physiology and Prevalence

1. What is the physiologic basis for the increased folate requirements for normal neural
tube development during pregnancy?
The correlation between folate and the incidence of NTDs has been linked since the late 1970s.
Folate is a water-soluble B-complex vitamin that plays an important role in nucleic acid biosyn-
thesis. Folic acid is the most active form and its bioavailability is twice that of folate. It is the form
used in vitamin supplements and fortification of food. Folate, in its metabolically active form
5-methyl tetrahydrofolate (5-THF), is a cofactor for the enzymes involved in one-carbon transfer
reactions that include the synthesis of nucleic acids and several amino acids. Once converted to
5-THE folate can be transported into the cell via folate receptors. Studies have demonstrated that
adequate folate levels are particularly important at times of rapid cell growth, such as in fetal and
placental development. Women are thought to have pregnancies affected by NTDs for two reasons,
and frequently for a combination of these two reasons. The first is an increased folate demand in
pregnancy and decreased dietary intake, and the second is a genetic defect in the production of
enzymes involved in folate metabolism.

The neural tube is formed very early in pregnancy, between 18 and 30 days post-conception.
This means that formation is initiated even before the woman may know she is pregnant, since the
missed period would generally occur at 14 days post-conception. Since the neural tube goes on to
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form the spine and brain, defects in the formation of the neural tube can include the absence of
formation of most of the brain (anencephaly) as well as defects in the closure of the lower tube
(spina bifida) to open NTDs (meningoceles, and myoceles). This early formation combined with
the detrimental effects of folate deficiency on neural tube formation, is the basis for the public
health initiative that mandates all women of childbearing age begin folic acid supplementation at
a dose of 0.4mg (400ug) per day prior to conception and at least through the first trimester of
pregnancy for the prevention of NTDs.

2. What is the prevalence of neural tube defects (NTDs) in the United States and who
is at higher risk of having a child with an NTD?

Neural tube defects are one of the most common malformations of the central nervous system.
NTDs occur when the brain and spinal cord fail to close properly during the first 4 weeks of gesta-
tion resulting in damage to the exposed underlying neural tissue. Spina bifida and anencephaly,
the two most common types of NTDs, occur in approximately 1 per 2000 births each year in the
United States. Prevalence varies according to race and ethnicity, with Hispanic women demonstrat-
ing the highest rates, while the lowest rates are found among black (0.35 per 1000 births) and Asian
women. In Mexico, the prevalence of NTDs is higher (3.2 per 2000 births). Ninety percent of NTDs
occur in women without a family history; however, women who have had a previous NTD-affected
pregnancy or who are personally affected by an NTD are at a 2 to 3 percent higher risk in a current
pregnancy. A family history of a close family member (sibling, niece, or nephew) with an NTD
raises a woman’s risk of having an affected pregnancy to approximately 1 percent, as does the
consumption of certain anti-seizure medications such as valproic acid or carbamazepine. Maternal
pre-gestational insulin-dependent diabetes and maternal pre-pregnant obesity are among the most
consistently observed environmental risk factors associated with NTDs. It has been suggested that
the increased risk in diabetic women may be due to consumption of a high glycemic diet and poor
pre-conceptual glycemic control. Since PLs sister-in-law lost a baby at 24 weeks gestation with
anencephaly, her risk increases.

In women with a history of a previously affected pregnancy, supplementation with 4 mg (4000 .g)
of folic acid per day, initiated 1 month prior to attempting to conceive and continued throughout
the first trimester of pregnancy is recommended. This recommendation is based upon results of
the United Kingdom’s Medical Research Council Vitamin Study Research Group study, which
demonstrated a 72 percent reduction in risk of a repeat NTD. When recommending higher levels
of supplementation to patients, it is important to emphasize that a separate folic acid supplement
and not multiple doses of multivitamins (MVI) be utilized. Additional daily MVI consumption
could lead to toxicity of other vitamins, particularly vitamin A, which is teratogenic to the develop-
ing fetus. Possible risk factors associated with NTDs requiring a higher dose of folic acid are listed
in Table 3-6.

Table 3-6 Risk Factors Associated with Neural Tube Defects

Personal or family history of NTD-affected pregnancy

Maternal diabetes mellitus

Maternal obesity

Epilepsy/antiepileptic medications such as valproate, phenytonin, carbamazepine, primidone

e Genetic variants

Conditions associated with decreased serum folate levels including alcohol abuse, hemolytic anemias, liver
disease, malabsorption syndromes, gastric bypass

e Other medications such as methotrexate (folate antagonist) and sulfasalazine (used to treat ulcerative colitis)

Source: Office of Dietary Supplements, National Institutes of Health, Dietary Supplement Fact Sheet: Folate.
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3. What is the evidence that folic acid supplementation reduces the risk of NTD?

Several controlled and observational trials have shown that periconceptional and early pregnancy

consumption of folic acid supplements can reduce a woman’s risk for having an infant with an NTD

by as much as 50 to 70 percent. The exact mechanism by which folic acid reduces the risk of NTDs
is unclear and remains an area of intense research. To increase folic acid consumption by women
of childbearing age, the United States Food and Drug Administration (FDA) mandated folic acid
fortification of grain products beginning January 1998. Since that time the Centers for Disease

Control and Prevention (CDC) has evaluated the impact of folic acid fortification on the prevalence

of NTDs.

Using data from eight population-based birth defect surveillance systems with prenatal diagnosis
of NTDs, the CDC reported that the prevalence of NTDs in the United States declined by an esti-
mated 1000 cases from 4000 (1995-1996) to 3000 (1999-2000). This decrease in NTD-affected
pregnancies since mandatory folic acid fortification began highlights the effectiveness and success
of this public health policy. Besides the United States, mandatory fortification programs in Canada,
Chile, Costa Rica, and South Africa have shown reductions in the occurrence of NTDs from a 28
percent decrease in the United States to a 46 percent decrease in Canada. Not all countries, however,
have instituted mandatory food fortification, citing concerns about the potential for adverse effects.

Given the mandatory folic acid fortification public health initiative in the United States and the
reduction in NTDs, the American College of Medical Genetics along with the American College
of Obstetricians and Gynecologists has updated its guidelines on folic acid for the prevention of
NTDs as follows:

o All women planning a pregnancy should consume 400 g (0.4 mg) of folic acid daily which can
be taken as a supplement, multivitamin, in fortified foods, or combination of each. Supplementa-
tion should begin at least 1 month prior to conception and throughout the first trimester of
pregnancy.

» Women who have had a previous NTD-affected pregnancy, have a NTD themselves, have a first
or second degree relative with a NTD, or who have type 1 diabetes should take 4 mg of folic acid
3 months prior to attempting conception and continue throughout the first trimester and seek
genetic counseling.

o There should be increased public health efforts to raise awareness of the role of folic acid in
reducing the incidence of NTDs.

o Additional research is warranted to better determine the potential risks and benefits of increasing
fortification of foods with folic acid.

4. How can an individual develop a folate deficiency? Which populations are at risk for
low-folate intake?

The term folate includes all compounds that have the vitamin properties of folic acid - including
folic acid and naturally occurring compounds in food. Folate deficiency in humans is attributed to
sub-optimal dietary intake of folate, behavioral and environmental factors, and genetic defects.
Humans cannot synthesize folate from other sources and are therefore entirely dependent on
dietary sources or supplements to meet their folate requirements.

Folate deficiency is common today since most adults frequently consume diets high in fat and
processed foods, with less than the daily recommended servings of fresh fruit and vegetables.
Minority women from low socioeconomic and educational backgrounds have been found to have
poor folate intakes due to limited use of folate rich foods. In pregnancy, the increased demand for
folate is not met by self-selected diets because only 50 percent of the folate occurring naturally in
foods is bioavailable.

Folate functions as a methyl donor for the enzyme methylenetetrahydrofolate reductase
(MTHFR), which is involved in the conversion of homocysteine to methionine (see Figure 3-1).
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Figure 3-1 Folate and Vitamin B,, Pathway
Source: American Academy of Pediatrics, American College of Obstetricians and Gynecologists. Breastfeeding
Handbook for Physicians. 2011.

Folate deficiency results in an elevated serum homocysteine level. It is estimated that two-thirds
of hyperhomocysteinemia is due to a folate deficiency. Mutations in the MTHFR gene that have
been linked to an increased risk of NTD increase the metabolic requirement for folate and also
result in elevated serum homocyteine levels. These levels can be normalized by additional folate
intake. However, genetic defects appear to account for only a small percentage of cases of folate
deficiency. Clinical folate deficiency is defined as a serum folate concentration less than 3ng/mL
or a red blood cell folate concentration of less than 140 ng/mL.

5. Describe the rationale for the food fortification program and its potential benefits.
In September 1992, the United States Public Health Service (PHS) recommended that all women
of childbearing age consume 400 pg of folate daily (600 pg during pregnancy) to lower their risk of
having a child with a NTD. The PHS indicated that this could be achieved by (1) improving dietary
habits, (2) fortification of the food supply, and (3) daily consumption of a folic acid supplement.
However, most women were not getting this amount from their diets and were not taking folic acid
supplements. Data from the third National Health and Nutrition Examination Survey (1989-1991)
showed that mean folate intake was 230 £ 7.8 pg/day for non-pregnant woman age 20 to 29 and
237 £ 9.0png/day for ages 30 to 39, levels below the Dietary Reference Intakes (DRI).

Bentley et al. analyzed food and supplement data since the mandatory folate fortification and
found that the median daily total folate intake (from food and supplements) for all women of
childbearing age increased by at least 100 ug. Although this is significant, only 39 percent of non-
Hispanic whites, 28 percent of Hispanics, and 26 percent of non-Hispanic black women are
reported to consume the recommended 400 g per day, which falls far short of the FDA’s target
goal of 50 percent.

The March of Dimes has conducted public education campaigns encouraging women of child-
bearing age to consume an adequate daily intake of folate. Since 1995, The Gallup Organization
has been commissioned by the March of Dimes to conduct surveys on national samples of women
aged 18 to 45 to measure changes in behavior, knowledge, and awareness relative to folate consump-
tion. In 2007, 40 percent of women reported taking a daily folic acid supplement, which is an
increase from 28 percent in 1995. Only 12 percent of women, however, were aware that folic acid
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should be taken before pregnancy and only one in five women knew that folic acid prevented birth
defects. Efforts to educate young women (18 to 24 years) on the importance of folic acid supple-
mentation should be increased since this group demonstrated the least awareness, knowledge, and
practice of all age groups surveyed.

Folic acid, also known as pteroylmonoglutamic acid, is the synthetic compound used in dietary
supplements and fortified foods. Since January 1, 1998, the FDA has required fortification of all
enriched grain products (flour, breads, rolls and buns, corn, grits, cornmeal, farina, rice, and noodle
products) with 140 g of folic acid per 100 g (3.5 ounces) of grain product to prevent NTDs. Adding
folic acid to enriched foods has ensured that most women of childbearing age consume additional
folic acid without requiring the behavior changes that are necessary to increase intake of folate rich
foods or folic acid supplements. To not exceed the DRI’s “tolerable upper level” of 1000 ug/day for
adults, higher levels were not recommended. Although folic acid is a water-soluble vitamin with
no known toxicity, higher doses of folic acid might mask a vitamin B,, deficiency. Folic acid would
correct anemia (pernicious, megaloblastic, or macrocytic anemia) but does not prevent the neu-
rological consequences associated with a vitamin B,, deficiency.

Folate fortification of foods has been associated with decreased prevalence of NTDs and possible
improvement in first-year survival rates among infants with spina bifida. Folate status, as measured
by mean serum and red blood cell folate concentrations has more than doubled in non-pregnant
women across all population groups in the United States since mandatory fortification. A recent
report by Pfeiffer et al., however, looking at NHANES survey data from 1999 to 2000 through 2003
to 2004 suggests a decline in blood folate concentrations particularly among non-Hispanic whites.
This underscores the need to continue monitoring the changes in folic acid intake and folate status
in American women of childbearing age to evaluate, revise, and implement new and existing poli-
cies and programs aimed at reducing cases of NTDs.

Fortification of flour with folic acid has shown benefit in reducing NTDs in developing countries
as well. In 2009, fifty-one countries required mandatory flour fortification programs that included
folic acid. Most developing countries have few other sources of folic acid compared to developed
countries, which have ready-to eat cereals and other voluntarily fortified foods and supplements.
By increasing the number of countries with mandatory folic acid flour fortification this global
public health burden can be reduced.

Part 3: Medical Nutrition Therapy

6. List food sources high in folate. Based on the nutrition assessment of PL's diet history,
what dietary modifications would you suggest?

Major sources of dietary folate include dark green leafy vegetables, dried beans, citrus fruits, wheat
germ, and fortified cereals. Orange juice is the largest single source of folate consumed by Ameri-
cans, and it is estimated that it contributes approximately 10 percent of the daily intake of dietary
folate. (See Appendix F: Dietary Sources of Folate.)

Most dietary folate occurs naturally as polyglutamate, which is converted to monoglutamate and
absorbed in the proximal small intestine. Foods containing 55 jig folate per serving are considered
to be excellent sources of folate. When assessing dietary folate intake, it is important to ask very
specific questions since there are wide variations in folate content within each food group. For
example, 8 ounces of orange juice contains approximately 100 pg of folate as compared to negligible
amounts in apple juice.

An analysis of PLs intake shows that she consumed only 238 ug of folate, well below her recom-
mended intake. An individual can easily consume 400 to 500 g of folate daily by eating 3 to 5
servings of vegetables (2.5 cups), 2 to 4 servings of fruits (2 cups), and 6 servings of grain daily
(with at least one-half coming from whole grain sources). PLs diet is deficient in fruits and vegeta-
bles. Recommended dietary modifications could include either adding orange juice or a fresh
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orange or grapefruit to breakfast, carrots sticks to lunch, and a green vegetable, such as broccoli
or asparagus, to dinner. In addition to these naturally occurring sources of folate, a ready-to-eat
fortified breakfast cereal could contribute significantly to PLs folate intake. Folate is also contained
in whole grains and whole grain products such as oatmeal or oat bran cereals, wheat germ, whole
grain breads and brown rice, which could easily be incorporated into PLs diet.

7. Should a vitamin and mineral supplement be considered for this patient? Why or why
not?

In the United States at least 50 percent of all pregnancies are unplanned. Therefore, the American
Academy of Pediatrics, along with the United States PHS, recommends that women of childbearing
age consume 400 pg folic acid per day. This is the amount contained in an over-the-counter mul-
tivitamin supplement. Since PL is at a slightly higher risk for a NTD affected birth she should
consult with her doctor at her 5-week pre-natal visit to discuss the amount of supplemental folic
acid she should take. Pre-natal supplements generally contain 1000 pg of folic acid.

There is currently insufficient evidence to provide a recommendation to use dietary folate as the
sole method to reduce the risk of NTDs; however, women still should be advised to consume a
high folate diet. Folic acid is the most active form of this vitamin and the form used in vitamin
preparations and food fortification. When synthetic folic acid is consumed as a supplement in the
fasting state, it is nearly 100 percent bioavailable. In contrast, when folic acid is consumed with
food, as in fortified cereal grain products, its absorption is reduced to approximately 85 percent.
Naturally occurring food folate is only 50 percent absorbed, because the polyglutamate side chain
must be cleaved before absorption can occur. Thus, supplemental folic acid taken on an empty
stomach is approximately two times more bioavailable than dietary folate, and folic acid taken with
food (including folic acid in fortified foods) is approximately 1.7 times more bioavailable than
dietary folate. These are only estimates and may be revised over time as more data are gathered
and analyzed. Future research should also be aimed at the dose-response relationship of folate and
NTD prevention and quantifying, more precisely, the dose needed to prevent recurrences.
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Case 2 Encouraging Breastfeeding

Ruth A. Lawrence' and Catherine Sullivan?

! University of Rochester School of Medicine, Rochester, NY
2 University of North Carolina, Chapel Hill, NC

OBJECTIVES

e |dentify the documented advantages of breastfeeding for both mothers and infants.

e Effectively encourage pregnant women to initiate and continue breastfeeding their infants for at least
the first year of life.

e Effectively counsel women regarding techniques and positioning in order to successfully breastfeed
their infants.

e Provide appropriate nutritional recommendations for breastfeeding women.

e Compare and contrast the growth patterns of breastfed and formula-fed infants.

LW is a 26-year-old Korean woman who is gravida 1, para 0, in her thirty-seventh week of gesta-
tion. She is 5’6" (168 cm) tall and weighed 160 pounds (72.7kg) prior to becoming pregnant (pre-
pregnancy BMI: 25.8kg/m?). She now weighs 190 pounds (86kg), and her pregnancy has been
uncomplicated. LW is considering breastfeeding and questions her childbirth provider about it and
whether she can continue after she returns to work 8 weeks postpartum. LW had been trying to
lose weight before she got pregnant. LW plans to lose her pregnancy weight quickly and fears
dieting will keep her from producing enough breast milk to feed the baby adequately.

Follow-up

LW, who has been breastfeeding her infant, returns at 6 weeks postpartum for her checkup. She
has lost 20 pounds (9kg) and currently weighs 170 pounds (77 kg) (BMI = 27.4kg/m”). She reports
that she is even hungrier than she was during her pregnancy, but cannot find time to eat. She is
afraid that she is not producing enough milk because the baby always seems hungry and is not as
chubby as her friend’s formula-fed baby. She reports that her mother told her she should avoid
eating vegetables and chocolate because they will upset the baby’s stomach and produce gas. A
friend told her that it was not safe for her to try to lose weight while breastfeeding, saying she
might get “too skinny” LW is also concerned about how to feed the baby when she returns to work
in 2 weeks. A 24-hour recall is as follows.

Medical Nutrition & Disease: A Case-Based Approach, Fifth Edition. Edited by Lisa Hark, Darwin Deen,
and Gail Morrison.
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LW'’s 24-Hour Dietary Recall
Breakfast (home)
She reports that she often skips breakfast.

Corn flakes 1 cup

Skim milk 1/2 cup

Lunch (home)

Whole-wheat bread 2 slices

Peanut butter 2 Tbsp

Jelly 1 Tbsp

Orange juice 8 ounces (240 mL)

Snack (home)

Snickers candy bar 1-2 ounces (57g)

Water 1 cup

Dinner (home)

Baked chicken 2 thighs (6 ounces) (170g)
Baked potato 1 medium

Margarine 2 Tbsp

Apple sauce 1/2 cup

Diet cola 12 ounces (360 mL)

Snack (home)
Ice cream 1 cup

Total calories: 2035 kcal

Protein: 78 g (15% of calories)

Fat: 95g (41% of calories)
Carbohydrate: 228 g (44% of calories)
Calcium: 505mg

Iron: 8.4mg

Case Questions

1.
2.
3.

What advice can be given to LW to help her decide whether to breastfeed her infant?

How quickly can a postpartum woman expect to lose weight?

What dietary recommendations should be given to LW to ensure that her baby will receive
adequate nutrition?

What are the guidelines regarding frequency and length of time to breastfeed an infant?

How will LW know if her breastfed baby is getting enough to eat? Compare the growth patterns
of breastfed and formula-fed infants.

How should LW’s weight loss and dietary intake be assessed?

How can breastfeeding women prepare to return to work?

Part 1: Encouraging Breastfeeding

1. What advice can be given to LW to help her decide whether to breastfeed her infant?
According to the Institute of Medicine, American Academy of Pediatrics (AAP), American
Academy of Family Physicians (AAFP), American College of Obstetrics and Gynecology (ACOG),
and the American Dietetic Association (ADA), breastfeeding is the recommended way to feed
infants in the United States. Exclusive breastfeeding is the preferred method for normal full-term
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infants from birth to 6 months because of the documented advantages for both the baby and the
mother. Breastfeeding, complemented by appropriate introduction of solid foods after 6 months of
age, is recommended for the remainder of the first year, and longer if desired (AAP, AAFP, ACOG,
ADA). To achieve this goal, it is important to learn how to breastfeed during the early months and
after returning to work. For that reason, LW should be encouraged to contact a licensed Interna-
tional Board Certified Lactation Consultant (IBCLC) and only if no IBCLC is available, a leader
from a mother-to-mother support group such as La Leche League or a peer counselor program.

It is important that a mother receive social and emotional support for her decision to breastfeed.
Women are most likely to succeed at breastfeeding when encouraged by their healthcare provider(s)
during pregnancy, and outside sources for support and assistance (husband or significant other,
patient’s mother or mother-in-law, mother-to-mother support groups).

2. How quickly can a postpartum woman expect to lose weight?

A woman should not expect to return to her pre-pregnancy weight immediately after delivery. On
average, a new mother loses 15 pounds (6.8kg) within the first week after delivery. Many mothers
are concerned about their weight gain during pregnancy and worry that they may not return to
their pre-pregnancy weight since many women retain 5 to 10 pounds (2.3 to 4.5kg) per pregnancy.
Lactating women eating nutritionally balanced diets typically lose 1 to 2 pounds (0.45 to 0.9kg)
per month during the first 4 to 6 months of lactation, a rate more rapid than if they were bottle-
feeding their infants. A weight loss of more than 1.5 pounds (0.68kg) per week, even in women
with excess fat stores, can decrease breast milk production and jeopardize the nutritional status of
both the mother and the baby. However, not all women lose weight during lactation. Some studies
suggest that approximately 20 percent of women maintain or gain weight during this time and may
lose the additional weight after they wean their infants.

3. What dietary recommendations should be given to LW to ensure that her baby will
receive adequate nutrition?

The Institute of Medicine makes the point that breast milk will be ideal even if the diet is not ideal.
Lactating women should be encouraged to obtain their nutrients from a well-balanced, varied diet
to meet their nutritional needs while lactating, as they have an increased need for essentially all
nutrients, especially protein, calcium, and vitamins A, C, and D, compared with non-lactating
women. Pregnant and lactating women have been noted to have sub-normal vitamin D levels
contributing to an increased incidence of sub-clinical rickets in breastfeeding infants. The specific
needs of individual women vary depending on the volume of milk produced daily, the age and size
of their infants, their individual metabolism, and their postpartum nutritional status. Supplement-
ing vitamin D (1000IU per day) is an acceptable recommendation.

During pregnancy, most women store approximately 2 to 4kg of body fat, which can be mobi-
lized to supply a portion of the additional calories used for lactation. Body fat supplies an estimated
200 to 300kcal per day during the first 3 months of lactation. An additional 500 kcal per day, which
is needed for lactation, must come from the diet.

4. What are the guidelines regarding frequency and length of time to breastfeed an
infant?

Breastfeeding should ideally be initiated within the first hour after birth. Skin-to-skin contact is
essential for getting breastfeeding off to a good start. Feeding the baby on demand, frequent suck-
ling, and completely emptying milk from the breasts helps to increase the mother’s milk supply.
The duration of a feeding should not be limited during the first few days. In the beginning, it may
take 2 to 3 minutes of suckling to stimulate the release of oxytocin (a hypothalamic hormone
produced in the posterior pituitary gland). Oxytocin initiates “let-down,” the term for the process
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by which the milk begins to empty from the breast due to the contraction of myoepithelial cells.
Prolactin, a hormone produced in the anterior pituitary gland, stimulates milk production. Early
and frequent feeding reduces the risk of engorgement. Removing the infant from the breast prior
to let-down does not stimulate milk supply and may frustrate both the mother and infant.

The infant should be encouraged to suckle the first breast until the milk flows. When the infant
stops suckling and pulls away from the breast the baby should be placed on the other breast after
burping for as long as the infant suckles. Although the duration of feeding may vary among infants,
feeding should be infant-led and not clock-led.

The composition and volume of breast milk change during each feeding. The milk provided after
about 5 to 10 minutes is the richest in fat and therefore caloric content. It is called the “hind milk?”
Infants need to nurse long enough to become satiated and to obtain sufficient calories from the
breast milk for appropriate growth and development. Mothers should be instructed that the infant
will get 75 percent of the milk volume in the first 5 to 10 minutes after the “let-down,” but only 50
percent of the calories because breast milk becomes higher in fat and calories after the first five
minutes.

Once lactation is established, an infant who suckles vigorously usually empties the breast 10 to
20 minutes after let-down has occurred. It may take up to an hour to “empty” both breasts. Infants
will suckle until satisfied and should alternate starting breasts with each feeding in order to ensure
even milk production. A full-term newborn infant should feed 8 to 12 times during 24 hours.
Human milk is easily digested and empties from the infant’s stomach in 90 minutes, while formula
empties in 3 to 4 hours.

5. How will LW know if her breastfed baby is getting enough to eat? Compare the
growth patterns of breastfed and formula fed infants.

The best way to be sure that babies are receiving adequate amounts of breast milk is to monitor
their growth and development. Milk production generally works on the principle of supply and
demand. That is, the more a baby feeds, the more milk is produced. In the first few days of life, it
is not uncommon for a full-term newborn to feed every 1 to 3 hours during each 24-hour period;
this helps to stimulate initial milk production. About 6 weeks postpartum, feeding frequency will
diminish to about 8 times in 24 hours once the milk supply has been established.

Full-term newborns experience an initial weight loss. It is very important to monitor weight gain
in the first few days of life. Women who have received intravenous fluids during labor may pass
extra fluid via the placenta to the baby whose birth weight increases. These babies void larger
amounts in the first few days. They may lose 10 percent of their birth weight. This does not reflect
poor feeding. A return to birth weight should occur by day 10. If weight gain is not achieved then
the patient should be referred to the physician and a lactation professional. A baby who has at least
six wet diapers and a minimum of three stools per day and is gaining weight appropriately (at least
7 ounces per week) is usually consuming enough milk.

Breastfed and formula-fed infants have slightly different growth patterns. In the first 2 to 3
months human milk-fed infants gain weight more rapidly. After the first few months of life, the
weight gain is similar to formula-fed infants and then begins to slow down. The current Centers
for Disease Control and Prevention growth charts are based on NHANES data of only a few healthy
breastfed and formula-fed children. It is an average of fat and thin, not a standard. The WHO also
has developed growth charts based on breastfeeding infants in good health and represent how
infants should grow. They are the new international standard.

Although breastfed infants consume less milk over a 24-hour period and therefore have a lower
energy intake, they are more energy efficient than formula-fed infants. By their third birthday,
breastfed infants have a lower percentage of body fat and are rarely obese. Data from the Darling
Study have shown that breastfed infants are less likely to be overfed and have a decreased risk of
becoming overweight or obese later in life compared to formula-fed children, which may be
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because they learn to stop eating when they are satisfied. Breast feeding is one suggestion experts
are advocating as a way to prevent obesity in children (see Chapter 4).

Part 2: Follow-up

6. How should LW's weight loss and dietary intake be assessed?

Although LW desires to lose weight, the goal should be for her to achieve slow and steady weight
loss so that she does not compromise her own health or milk supply. Currently, her dietary intake
is slightly below what is recommended to support lactation. Her calorie requirements for lactation
are estimated to be 2225 to 2325kcal/kg/day, calculated on the basis of 25kcal/kg per day (based
on BMI > 25kg/m®) plus an additional 300 to 400 kcal/day for lactation. Extra calories for lactation
should be adjusted based on the BMI, activity level, and age of the woman. Her diet does not
provide adequate amounts of iron, calcium, vitamin A, vitamin D, vitamin B,,, vitamin D, folate,
and zinc. To enhance her nutrient intake she should be encouraged to increase her intake of lean
proteins, fruit and vegetables, low-fat vitamin D-enriched milk or yogurt, and include an iron-rich
snack, such as raisins or dried fruit in the morning. She should limit her intake of concentrated
sweets. She should also be advised to continue to take her prenatal vitamin. She may also need to
consider taking a vitamin D supplement. The AAP recommends that exclusively breastfed infants
receive oral vitamin D drops of 4001U shortly after birth. This would be the ideal time to encour-
aged LW to start her baby on vitamin D. In addition, her fluid intake is low and she should be
encouraged to drink more nutritious fluids (up to 2 liters per day), such as skim milk fortified with
vitamin D, 100 percent juices, and water.

7. How can breastfeeding women prepare to return to work?

A mother returning to work can continue to breastfeed by renting or purchasing a breast pump to
remove milk during the day for use at home while she is working. The advantages of pumping the
breast at least every 4 hours are to ensure that the baby will receive breast milk when the mother
is at work and to promote the continued supply of breast milk even though the baby is not feeding
during the day. It is important for the mother to pump to avoid engorgement and mastitis. Breast-
feeding exclusively whenever the woman is not working will help milk production to continue.
According to the Human Milk Banking Guidelines, breast milk can be stored in the refrigerator
for less than 4 days, in the freezer for less than 3 months, and in a deep freezer (—18 to —20°C)
for less than 12 months for term infants.

The father or a caretaker should offer the bottle because the baby may expect to breastfeed when
the mother is present. Offering one bottle of expressed breast milk about once a day, starting about
2 weeks before the mother returns to work, may help the infant learn how to suck from a bottle,
which is different from breastfeeding. Once the mother returns to work, the baby should be given
expressed breast milk during the day. When the mother returns from work, she should breastfeed
as soon as possible.
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OBJECTIVES *

e Take an appropriate pediatric history relating to the nutritional assessment and management of
children and adolescents.

e Evaluate growth parameters of an infant, child, or adolescent using the appropriate growth charts.

e Select laboratory tests and diagnostic procedures appropriate to assess, support, and manage the
nutrition of infants, children, and adolescents.

e Summarize the current recommendations (proposed by relevant health-professional organizations and
government agencies) for healthy nutrition of infants, children, and adolescents by age and sex.

*Source: Objectives for chapter and cases adapted from the NIH Nutrition Curriculum Guide for Training Physicians.
(www.nhlbi.nih.gov/funding/training/naa)

Assessment of Nutritional Status and Dietary Intake in Children

The assessment of nutritional status is critical in the care of sick and well children since nutritional
status affects the child’s response to and recovery from illness, and supports healthy growth and
development. Dietary intake during infancy, childhood, and adolescence influences normal growth
and development and provides a foundation for adult health. Many changes in growth and body
composition happen during infancy, childhood, and adolescence. Therefore, healthcare profession-
als need to understand normal growth to recognize abnormal patterns of growth and development.
Historically, childhood malnutrition was equated with low weight for height (length), weight loss,
stunted growth, and impaired development. Currently, childhood malnutrition also encompasses
“over-nutrition” and obesity. All forms of malnutrition have been associated with micronutrient
deficiencies or excesses, co-morbidities, and mortality. Children, who suffer acutely from malnutri-
tion from either inadequate intake or an underlying condition that changes nutrient needs or
absorption/utilization, may develop nutritional deficiencies that require attention and proactive
management. There are currently new efforts aimed at better defining pediatric nutritional status
to improve its recognition and thus treatment outcomes. More recently, authors proposed that the
definition of malnutrition be not only based on anthropometric factors, but also chronicity, etiol-
ogy, mechanisms of nutrient imbalance, severity of malnutrition, and its impact on outcomes.
Healthcare professionals care of infants, children, and adolescents can profoundly influence their
immediate and long-term health and longevity by helping support good nutrition. Therefore, clini-
cians must become adept at assessing the nutritional status of children, developing an appropriate
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nutritional management plan, and counseling caregivers and children to foster healthy eating habits
and to support optimal nutrition and health.

Assessing Growth and Development

Evaluation of growth and development is the cornerstone of pediatric nutrition assessment.
Updated growth charts were released in 2006 by the World Health Organization (WHO) and in
2000 by the Centers for Disease Control and Prevention (CDC), based on National Health and
Nutrition Examination Survey (NHANES) data collected from 1971 to 1994. Weight, height, head
circumference are available in both surveys. The CDC charts represent the combined growth pat-
terns of breastfed and formula-fed infants in diverse United States racial and ethnic groups. The
WHO growth charts were created with longitudinal length and weight data measured at frequent
intervals among breastfed children up to 2 years of age and cross-sectional data up to 5 years of
age (60 months old), using data from six countries (Brazil, Ghana, India, Norway, Oman, and the
United States). A variety of growth charts for infants born from pre-term deliveries are also avail-
able. The most commonly used neonatal charts in the United States are from Fenton and Olsen.
The Olsen neonatal growth charts (23 to 42 weeks gestation) are gender specific and based on
infants from a racial and ethnic mix born in the United States (1998-2006). The Olsen growth
charts are available on the American Academy of Pediatrics website (www?2.aap.org/sections/
perinatal/PDF/GrowthCurves.pdf). The Fenton neonatal growth curves (22 to 43 weeks gestation)
are not gender specific and based mainly on Caucasian infants born in Canada, Australia, and
Sweden (1977-1995) and were smoothed at 40 weeks of gestation to the recent WHO growth charts
at birth. The Fenton charts are available on the website (http://members.shaw.ca/growthchart/
Fenton%20WHO%20growth%20chart%2008.pdf )

Children’s and adolescents’ height should be measured without shoes using a wall-mounted
stadiometer and weight taken wearing light clothing. A length board should be used for infants.
Body mass index (BMI) for children aged 2 to 18 years old is calculated based on weight divided
by height squared (kg/m?). Standard BMI definitions for overweight and obesity are available for
adults. However, as BMI for children varies by age, BMI percentiles (Figure 4-1; www.cdc.gov/
growthcharts) should be utilized to define relative weight for children. For infants and children
less than 2 years of age, weight-for-length (WL) rather than BMI should be assessed because of the
persistent correlation between BMI and length in this age group. Once the child can stand, weight-
for-height can be substituted (typically between 2 and 3 years old). Although WL, weight-for-height
(WH), and BMI provide data on relative weight, WL and WH are typically used to classify and
monitor malnutrition in hospital settings while BMI is more commonly used in outpatient settings.
For children and adolescents 2 to 18 years, BMI (kg/m*) can be calculated as a measure of relative
weight (Table 4.1 and Figure 4-1).

Height (stature) or length (recumbent), weight, and WL or BMI should be plotted on a sex-
specific growth chart kept with the child’s medical records (paper or electronic) so that the indi-
vidual values and a longitudinal record of the child’s growth can be examined and evaluated. Plotted
values of all three of these growth parameters should be assessed to determine:

o whether they are following consistently along a particular percentile or z-score line,

o the degree to which particular plotted values deviate from the child’s prior pattern of growth,
o whether these values are outliers relative to the growth charts norms,

« whether the growth pattern for height/length, weight, and head circumference are similar.

For children under 2 years of age, the CDC and American Academy of Pediatrics (AAP) recom-
mend using the WHO growth charts. For these young children, growth assessment should also
include measuring head circumference. Note also that measurements of length and height differ
so standard growth curves for evaluating length and height should not be used interchangeably.
WHO recommends the use of a formula to transform length to height or height to length to plot
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Figure 4-1 BMI Percentiles

Source: Data from Centers for Disease Control and Prevention. http://www.cdc.gov/nchs/data/nhanes/
growthcharts/set1clinical/cj411023.pdf
http:/Awww.cdc.gov/nchs/data/nhanes/growthcharts/set1clinical/cj411024.pdf
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Figure 4-1 (Continued)

children on the appropriate growth chart, when necessary. Infants corrected age (chronological age
in weeks — [40 weeks — gestational age in weeks]) may be calculated between birth and 24 months
of age for infants born from pre-term deliveries. Premature infants can be plotted on the neonatal
charts until the infant reaches 40 weeks expected gestational age. After 40 weeks expected gesta-
tional age, infant growth charts can be used. Children who are underweight (BMI <5th percentile),
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Table 4-1 BMI Classification for Children and Adolescents (CDC)

BMI Category Recommended Terminology
<5th percentile Underweight

5th—84th percentile Healthy weight

85th —94th percentile Overweight

95th -97th percentile Obesity

98th —99th percentile Moderately obese

>99th percentile Severely obese

Source: Centers for Disease Control and Prevention. 2014. Used with permission.

Table 4-2 Nutrition Status: WHO Classification

Z-Score Length/Height- Weight-for-Age Weight-for- BMI-for-Age

(0-5 y old) for-Age Length/Height

Above 3 Obese Obese

Above 2 Overweight Overweight
Above 1

0 (median)

Below —1

Below —2 Moderately stunted Moderately underweight Moderately wasted Moderately wasted
Below —3 Severely stunted Severely underweight Severely wasted Severely wasted
Z-Score Height-for-Age Weight-for-Age Weight-for-Height BMI-for-Age
(5-19 y old) (to 10 y old)

Above 3 Severe obesity
Above 2 Obesity

Above 1 Overweight

0 (median)

Below —1

Below —2 Moderately stunted Moderately underweight Moderate thinness
Below —3 Severely Stunted Severely underweight Severe thinness

Source: The WHO Child Growth Standards. www.who.int/childgrowth/standards/en/

losing weight, or whose linear growth has slowed or ceased, should be assessed for medical condi-
tions that could impair growth or nutritional status and cause nutritional deficiencies. Similarly,
children observed to be gaining weight rapidly or to have an increasing BMI percentile (typically
crossing two major percentile curves, WL greater than the 95th percentile [children younger than
2 years old]), or BMI more than the 95th percentile (children at or greater than 2 years old) warrant
further evaluation. Classification of BMI for children and adolescents according to the CDC is
shown in Table 4-1 while classification of malnutrition according to the WHO is shown in Table
4-2. Although the CDC growth charts are recommended for the growth and nutritional assessment
of all children, a number of condition/syndrome-specific growth charts have been published (e.g.,
achondroplasia, Brachmann-de Lange syndrome, cerebral palsy, Down syndrome, Marfan syn-
drome, myelomeningocele, Noonans syndrome, Prader-Willi syndrome, sickle cell disease, Silver-
Russell syndrome, Turner’s syndrome, Williams syndrome). Of note, classification of malnutrition
has changed over time but some of the older classifications are still in use at this time, especially
in hospital settings (Table 4-3).

Evaluating Dietary Adequacy in Children
Dietary intake is difficult to assess accurately in an outpatient setting, as it is based on recall and
requires that both the healthcare provider and the patient or caregiver understand portion sizes
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Table 4-3 Common Classification of Malnutrition in the Hospital and Outpatient Settings

Classification Indicator Severity Percent of Median®
Gomez (1955) WA Mild 75-90
Moderate 60-74
Severe* <60
Waterlow (1972) WH Mild 80-89
(wasting) Moderate 70-79
Severe <70
Waterlow (1972) HA Mild 90-94
(stunting) Moderate 85-90
Severe <85
McLean (1975) WL Mild 85-90
Moderate 75-84
Severe <75

?Percentage of the median is calculated by the following formula: e.g., WA
% weight = (actual weight/median weight) x 100 for age and sex

*WA < 60% has been associated with increased mortality risk.

and content of a variety of foods. Infants, children, and adolescents being evaluated for abnormal
growth or development should generally be assessed by a pediatric nutrition professional such as
a registered dietitian. Nevertheless, with the high prevalence of overweight and obesity in the
pediatric population, primary care providers must be able to make a general assessment of eating
behavior and estimate calorie and nutrient intake in order to provide basic counseling, or appropri-
ate referral to a pediatric nutrition professional, for all patients and caregivers.

The most common method for making such assessments in the clinical setting is the 24-hour
recall. The 24-hour recall includes asking the child and caregiver about all foods consumed by the
child in the last day. Once a list of foods has been compiled, the provider can probe for more details
about each, including portion size, preparation, and brand names. The provider should also probe
for foods and drinks that may have been missed with questions like “Did you eat anything between
lunch and dinner?” or “Did you have anything to drink with your breakfast?” Although asking
about only 1 day has its limitations, the 24 hour recall provides a basic overview of the child’s eating
habits, can highlight problem areas, and stimulate further discussion about the child’s diet. It should
be noted that studies show that children and adults commonly underreport their dietary intake.

Pediatric Calorie and Nutrient Requirements
Nutrient requirements are largely determined by lean body mass, activity level, and basal metabolic
rate. Therefore, body composition, which changes during the course of growth and development,
must be considered when estimating nutrient needs of children and adolescents. Percent body fat,
or fat mass, is high in infants and toddlers and decreases as children enter their elementary school
years. During puberty, percent body fat increases in both boys and girls. Lean body mass (LBM)
also increases, approximately tripling in boys and doubling in girls. As adolescents reach adulthood,
females retain a higher percentage body fat and lower lean body mass than males. Pubertal changes
in body composition drive changes in nutrient requirements and the difference in lean body mass
between men and women accounts for differences in calorie and nutrient requirements.

Various recommended energy and nutrient allowances have been formulated for growing
children based on the changing nutritional needs associated with growth and development. For
the general population, the USDA has developed My Plate based on the Dietary Guidelines for
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Table 4-4 Energy and Protein Requirements in Children and Adolescents

Energy (kcal/day) Protein (g/day)

Age Males Females Males Females
0-6 months 570 520 9.1 9.1
7-12 months 743 676 11 "

1-2 years 1046 992 13 13

3-8 years 1742 1642 19 19

9-13 years 2279 2071 34 34
14-18 years 3152 2368 52 46

Source: Institute of Medicine, Dietary Reference Intakes for Energy and Protein. National Academy of Science, National Academy Press,
Washington, DC: 2008.

Americans (www.choosemyplate.gov). Nutritional guidelines were originally aimed at preventing
undernutrition; recent guidelines have evolved to support overall good nutrition, and to prevent
over- and under-nutrition. The MyPlate guidance system is intended to provide a framework for
adults and children for determining what and how much to eat each day using the familiar image
of a place setting for a meal. The MyPlate image replaced the MyPyramid system in 2011. The
ChooseMyPlate.gov website provides of well-organized information to help Americans make the
best food choices. It also allows for the development of individualized dietary and physical activity
plans. Dietary Reference Intake (DRI) values developed by the Food and Nutrition Board, Institute
of Medicine, National Academy of Sciences provide another useful tool for determining specific
energy and protein requirements as shown in Table 4-4. DRIs can be used by dietitians and health
professionals to help patients with specific dietary planning needs, but MyPlate is more practical
and easy-to-understand tool for initial dietary changed.

Adjustments for Activity and lllness
In pediatric acute care settings, specific adjustments are made for special circumstances such as
differing activity levels and illness. Nutrient requirements are estimated based on specific equations
using resting energy expenditure and a stress factor to account for the underlying condition.
For example, fever increases energy needs by 7 percent for each degree above 98.6°F of body
temperature (or 12 percent for each degree above 37°C). Illness, trauma, major surgery, extensive
burns, recovery from undernutrition, and intensive exercise or manual labor cans double energy
requirements. Chronic under-nutrition with loss of lean body mass can decrease energy needs
by 20 to 30 percent. However, energy needs may increase rapidly in the malnourished child
who is being nutritionally repleted. For example, with significant malnutrition, a child may be
dehydrated and in a state of slowed metabolism, an adaptation that decreases calorie and nutrient
requirements. Nutrionally related laboratory assessments may seem relatively normal. However,
refeeding causes anabolism and a rapid increase in metabolic processes, greatly increasing caloric
and nutrient needs. These changes, along with rehydration, can unveil significant electrolyte and
micronutrient deficiencies (e.g., phosphorus, potassium, magnesium). Overly aggressive refeeding
without adequate nutrient supplementation can be associated with serious morbidity, including
cardiac dysfunction, arrhythmias, congestive heart failure, and even death. Therefore, a signifi-
cantly malnourished child must be repleted slowly, under close monitoring and supervision (see
Chapter 4: Case 2).

For healthy children, level of physical activity should be considered when determining their
dietary needs. Table 4-5 illustrates estimated energy requirements for children based on age,
gender, and activity level.
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Table 4-5 Estimated Energy Requirements (EER) (in kcals) for Gender and Age Groups Based on Activity Level

Activity Level

Gender Age (years) Sedentary Moderate Active
Child 2-3 1000 1000-1400 1000-1400
Female 4-8 1200 1400-1600 1400-1800
9-13 1600 1600-200 1800-2200
14-18 1800 2000 2400
Male 4-8 1400 1400-1600 1600-2000
9-13 1800 1800-2200 2000-2600
14-18 2200 2400-2800 2800-3000

Source: NHLBI expert panel on integrated guidelines for cardiovascular health and risk reduction in children and adolescents: Summary
report. National Heart, Lung, and Blood Institute; National Institutes of Health; US Department of Health and Human Services. http://
www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm.

Laboratory Assessment

As part of a regular nutritional evaluation, broad screening using laboratory tests is generally not
recommended. General assessments can include a complete blood count (CBC), serum electrolytes,
creatinine, and albumin. Serum albumin is commonly used as an assessment of general long-term
nutritional and protein status; however, it is an insensitive marker of nutrition status but a good
predictor for mortality. Pre-albumin has a half-life a few days (as opposed to a few weeks for
albumin) and may have utility as a short-term marker of protein-related nutritional status in the
absence of inflammation (C-reactive protein (CRP) values are within normal range). Evaluation of
the CBC, including white blood cell morphology and red blood cell size, can provide evidence
of deficiencies in iron, folate, and vitamin B,,. Blood chemistries can indicate electrolyte and
mineral imbalances, though blood levels are not always good indicators of whole body nutritional
balance.

Fasting Glucose

It is estimated that about 150,000 to 200,000 individuals under the age of 20 have diabetes. As
opposed to the epidemiology in adults, most children with diabetes have type 1 diabetes. However,
over the past 20 years, the rate of type 2 diabetes in children and adolescents has increased signifi-
cantly, especially in some at-risk groups. Children with type 2 diabetes are frequently more than
10 years old, obese, and have a family history of type 2 diabetes. Rates are higher in some racial/
ethnic groups, such as Asian/Pacific Islander, Native American, Black, and Hispanic descent chil-
dren. Rates of undiagnosed type 2 diabetes and “prediabetes” (impaired fasting glucose (>100mg/
dL; 5.6 mmol/L) in young persons are not well defined, though it is assumed the official statistics
only identify a portion of the affected persons. Using fasting glucose levels and primary care pro-
vider diagnosis of diabetes from NHANES 1999-2000 to 2007-2008, May and colleagues (2012)
reported that the prevalence of prediabetes/diabetes among adolescents aged 12 to 19 years old has
increased from 9 percent to 23 percent. A study using NHANES 1999-2000 to 2007-2008 data
predicted that the number of youth with type 1 diabetes and type 2 diabetes may increase by 23
percent and 49 percent, respectively. Overweight and obese children less than 18 years with two
or more other risk factors (Table 4-6) should be screened for type 2 diabetes every 2 to 3 years. A
fasting plasma glucose assessment (>125mg/dL is consistent with diabetes; 101 to 125mg/dL
defines impaired fasting glucose or prediabetes) is most commonly used as a screening test for
children, adolescents, and adults. In the evolution of type 2 diabetes, post-prandial glucose increases
earlier than fasting glucose; some experts therefore recommend determining plasma glucose
two hours after a standard glucose load or two hours after a meal. Thus, significant elevations in
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Table 4-6 Guidelines for Diabetes Screening for Children

Overweight plus two other risk factors:

e 1st or 2nd degree relative with type 2 diabetes mellitus

e Higher risk race/ethnic group (African—American, Native American, Asian American, Pacific Islander, Latino)

e Other conditions associated with insulin resistance (hypertension, dyslipidemia, acanthosis nigricans, polycystic
ovary syndrome)

non-fasting glucose tests, especially those >200mg/dL should be further evaluated. Diabetes
screening recommendations for children and adolescents are shown in Table 4-6. Though in adults,
screening tests for diabetes and prediabetes include hemoglobin A1C, or a 2-hour plasma glucose
level as part of an oral glucose tolerance test, such recommendations have not been broadly applied
to children. Similarly, though HbA1C is now considered as a good tool for screening and monitor-
ing for T2DM in adults, there are concerns about the use of A1C to evaluate children and adoles-
cents for T2DM. Given that cardiovascular disease risk factors tend to cluster together, screening
for other such risk factors (e.g. hypertension, dyslipidemia) should be considered for children and
adolescents at risk for developing type 2 diabetes.

Elevated glucose levels, especially in the hospital setting, may occur at times of significant stress
and acute illness, such as infection or sepsis, or as a side effect of some medications, such as steroids.
Such secondary causes should be considered when assessing a child with hyperglycemia. Low
glucose levels related to malnutrition are relatively rare, and usually occur in late stage, severe
malnutrition. Neonates and premature infants are among higher risk groups for low and high
glucose levels at times of stress.

Lipids

Encouraging a healthy lifestyle and consideration of cardiovascular disease risk factors should start
relatively early in life. Screening for hypercholesterolemia should start around 3 years of age, and
target children with a positive family history of early atherosclerotic vascular disease (AVD) or
parental dyslipidemia. (Table 4-7 and Figures 4-2 and 4-3). A positive family history of early AVD
is defined as a parent, grandparent, aunt/uncle, or sibling with a heart attack, sudden death thought
to be related to AVD, angina, angioplasty, peripheral vascular disease, or cerebrovascular disease
before age 55 in males or before 65 in females. Screening should also be considered in children at
higher risk for developing adult heart disease, such as those with diabetes, hypertension, and
obesity. Children with high cholesterol levels tend to become adults with high cholesterol levels.
However, as tracking of lipid levels over time is not perfect, not all the hypercholesterolemic
children will become hypercholesterolemic adults. Screening in high-risk children should consist
of the average of two fasting lipid profiles obtained on two separate occasions. Low-density lipo-
protein cholesterol (LDL-C) > 130 mg/dL or triglycerides >110mg/dL are generally considered
elevated and should be evaluated further for secondary causes and potential intervention (see
Table 4-7 and Figures 4-2 and 4-3). The initial intervention in children with primary hypercholes-
terolemia is dietary and lifestyle assessment and intervention.

Universal screening is recommended for children 9 to 11 years old, and can consist of a non-
fasting non-high-density lipoprotein cholesterol (non-HDL-C) assessment. Children with non-
HDL-C greater than 145 mg/dL and/or HDL-C less than 40 mg/dL should be considered for further
assessment, including fasting lipid profiles. A general summary of the National Heart, Lung, and
Blood Institute expert panel’s recommendations regarding lipid screening is shown in Table 4-7
and Figures 4-2 and 4-3, and further details are available at http://www.nhlbi.nih.gov/guidelines/
cvd_ped/summary.htm. Guidelines are also available for the management of patients with obesity
and dyslipidemia.
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Table 4-7 Acceptable, Borderline-High and High Plasma Lipid, Lipoprotein and Apolipoprotein Concentrations
(mg/dL) for Children And Adolescents*

Category Acceptable Borderline Hight
TC <170 170-199 >200
LDL-C <110 110-129 >130
Non-HDL-C <120 120-144 >145
ApoB <90 90-109 >110
TG

0-9 years <75 75-99 >100

10-19 years <90 90-129 >130
Category Acceptable Borderline Lowt
HDL-C >45 40-45 <40
ApoA-1 >120 115-120 <115

Note: Values given are in mg/dL. To convert to Sl units, divide the results for total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and non-HDL-C by 38.6; for triglycerides (TG), divide by 88.6.

* Values for plasma lipid and lipoprotein levels are from the National Cholesterol Education Program (NCEP) Expert Panel on Cholesterol
Levels in Children. Non-HDL-C values from the Bogalusa Heart Study are equivalent to the NCEP Pediatric Panel cutpoints for LDL-C.
Values for plasma ApoB and ApoA-1 are from the National Health and Nutrition Examination Survey IIl.

1 The cutpoints for high and borderline-high represent approximately the 95th and 75th percentiles, respectively. Low cutpoints for
HDL-C and ApoA-1 represent approximately the 10th percentile.

Source: NHLBI expert panel on integrated guidelines for cardiovascular health and risk reduction in children and adolescents: Summary
report. National Heart, Lung, and Blood Institute; National Institutes of Health; US Department of Health and Human Services. http://
www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm

Iron Status

Though significant progress has been made in decreasing rates of iron deficiency in children in the
United States over the past several decades, iron deficiency is likely the most common micronutri-
ent deficiency in the United States. Iron deficiency is usually due to inadequate dietary intake of
iron, especially during times of rapid growth or increased blood loss, such as infancy and early
childhood, and during adolescence (especially for girls). Pre-term infants and infants with intrau-
terine growth retardation are also born with decreased iron stores and thus should receive iron
supplements. Adolescent athletes, for reasons that are not totally clear, are another at-risk group.
A higher prevalence of iron deficiency has also been observed in obese children across a broad age
range. Even in the absence of anemia, iron deficiency is associated with poor growth and neuro-
cognitive development in infants and behavioral and learning problems in older children and
adolescents. Iron deficiency and iron-deficiency anemia are also associated with decreased exercise
capacity and physical endurance. Thus it is very important to identify and treat iron deficient
children.

As specific measures of iron stores (e.g., serum ferritin, transferrin, iron binding capacity, free
erythrocyte protoporphyrin) are costly and not widely available, hemoglobin and red blood cell
indices (derived from a simple CBC) are the laboratory parameters most commonly used to evalu-
ate children for iron deficiency. However, these are relatively insensitive measures of true iron
status. It should be noted that transient decreases in hemoglobin levels are relatively common with
infections, thus a single low hemoglobin level should be confirmed or assessed further before
initiating therapy. An alternative to more specialized testing is providing a therapeutic iron sup-
plement challenge. An iron deficient child should respond to such a challenge with a reticulocytosis
and increase in hemoglobin within a few weeks. Screening for iron deficiency should thus focus
on at-risk children, as noted above, and especially those at-risk children who have not been receiv-
ing iron-sufficient diets, or iron supplements, as appropriate.
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FLP x 22, average

TG > 500 mg/dL,
— Consult lipid
specialist

LDL-C > 250 mg/dL
— Consult lipid
specialist

A
LDL-C > 130, < 250 mg/dL®  — Target LDL-C
TG > 100, <500 mg/dL, < 10y — Target TG

> 130, < 500 mg/dL, 10-19y
(see TG algorithm, Fig 9-2)

Exclude secondary causes.

Evaluate for other RFs.

Start CHLD-1 —

CHILD-2-LDL (Table 9-8) + lifestyle change x 6 mo*

LDL-C < 130 mg/dL
— Continue CHILD-2-LDL
— Repeat FLP every 12 mo

v

LDL-C > 130 to —189 mg/dL
FHx (=)
No other RFs

v

LDL-C > 190 mg/dL

v

LDL-C > 160 to —189 mg/dL
FHx (+) or

1 high-level RF or

> 2 moderate-level RFs

v

LDL-C > 130 to —159 mg/dL +
2 high-level RFs or

1 high-level > 2 moderate-
level RFs OR clinical CVD

— Initiate statin therapy

— Continue CHILD-2-LDL, (Tables 9-1 and 9-12)

Follow every 6 mo with FLP,
FHxX/RF update

— Initiate statin therapy
(Tables 9-11 and 9-12)

— Initiate statin therapy
(Tables 9-11 and 9-12)

v

v

| Follow with FLPs, related chemistries per Tables 9-12 |

v

— LDL-C still > 130 mg/dl, TG < 200 mg/dL, refer to lipid specialist for addition of
second lipid-lowering agent; monitor per Table 9-12

— In high LDL-C patients, if non-HDL-C > 145 mg/dL after effective LDL-C treatment,
— Target TG (Fig 9-12)

Figure 4-2 Dyslipidemia Algorithm

Source: NHLBI expert panel on integrated guidelines for cardiovascular health and risk reduction in children and
adolescents: Summary report. National Heart, Lung, and Blood Institute; National Institutes of Health; US
Department of Health and Human Services. http://www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm

FLP = fasting lipid profile

Vitamin D
Vitamin D deficiency, defined based on the serum or plasma measurement of 25-hydroxyvitamin
D [25(OH)D], is a common and poorly recognized condition that occurs in infants, children,
adolescents, and adults. Many affected children are dark skinned and have limited exposure to UV
light, are fed unfortified “health food” milk alternatives, or are breastfed without vitamin D sup-
plementation by mothers with vitamin D insufficiency or deficiency.

As reviewed by the Institute of Medicine (IOM) taskforce in 2011, vitamin D is essential for
skeletal health but there is currently a lack of convincing evidence to link vitamin D supplements
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Step 1. Tier I: High Risk Tier 1l: Moderate Risk ‘
RISK STRATIFICATION """""""""""""""""""""""""""""""""""""""" i
BY DISEASE PROCESS : ° Diabetes mellitus, type 1 & type2 | e Kawasaki disease with regressed
i e Chronic kidney disease/end-stage i |  coronary aneurysms
renal disease/post kidney transplant | i e Chronic inflammatory disease
e Post-heart transplant i e HIV
e Kawasaki disease with current . i * Nephrotic syndrome

coronary artery aneurysms

Step 2. CV RISK FACTORS/COMORBIDITIES 3
T B i,
CV RISK FACTORS : © Family history of early CVD in expanded 1st degree pedigree M<55y, F<65y
(22 RFs — | e Fasting lipid profile
MOVE TO TIERI) | ® Smoking history
i ® BP (3 separate occasions), interpreted for age/sex/height percentile (%ile)

¢ Height, weight, BMI

e Fasting glucose (FG)

e Diet, physical activity/exercise history

Step 3. Tier I: High Risk Tier Il: Moderate Risk

TICES'}?"ZEIS:I; i e BMI < 85th%ile for age/sex .|« BMI < 90th%ile for age/sex
TREATMENT | °BP< 90th%ile for age/sex/ht . *BP <95th%ile for age/sex/ht
GOALS @ ° Lipids(mg/dL): LDL-C < 100, O Lipids(mg/dL): LDL-C < 130,
i TG <90, non-HDL-C < 120 : ¢ TG <130, non-HDL-C < 140
® FG < 100 mg/dL, HbATc < 7% i | ¢FG < 100 mg/dL, HbATc < 7%
Step 4: | Intensive lifestyle management ' i Intensive lifestyle management
LIFESTYLE CHANGE CHILD 1*, Activity Rx** ! CHILD 1*, Activity Rx**
Weight loss as needed*** Weight loss as needed***

If goals not met, consider
medication per risk-specific
guideline recommendations

Step 5:

DRUG THERAPY Condition Specific

Management — Table 11-3

Directions: Step 1: Risk stratification by disease process (Table 11-2).

Step 2: Assess all cardiovascular risk factors. if there are > 2 comorbidities, move Tier Il patient to Tier | for
subsequent management.

Step 3: Tier-specific treatment goals/cutpoints defined.

Step 4: Initial therapy: For Tier |, initial management is therapeutic lifestyle change PLUS disease-specific management
(Table 11-3). For Tier II, initial management is therapeutic lifestyle change.

Step 5: For Tier II, if goals are not met, consider medication per risk factor specific recommendations in these guidelines.

* CHILD 1 - Cardiovascular Health Integrated Lifestyle Diet, per Section 5. Nutrition and Diet.
** Activity Rx — Activity recommendations per Section 6. Physical Activity.
*** \Weight loss recommendations per Section 10. Overweight and Obesity.

Figure 4-3 Risk Stratification and Managementfor Children with Conditions Predisposing to Accelerated
Atherosclerosis and Early CVD

Source: NHLBI expert panel on integrated guidelines for cardiovascular health and risk reduction in children and
adolescents: Summary report. National Heart, Lung, and Blood Institute; National Institutes of Health; US
Department of Health and Human Services. http://www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm
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with benefits for other nonskeletal outcomes such as cardiovascular disease, death, cancer, and
quality of life. There is no additional benefit currently identified for levels of 25(OH)D above 20 ng/
mL (50nmol/L), therefore the IOM considered the 20-ng/ml level as the upper range of human
requirements, meeting the needs of most individuals in the general populations (regardless of other
factors such as skin color). However, these guidelines are not specific for individuals with underly-
ing conditions or diseases. The United States Institute of Medicine Recommended Dietary Allow-
ance of vitamin D is 400IU per day for children younger than 1 year of age, 600IU per day for
children at least 1 year of age and adults up to 70 years, and 800IU per day for older adults. The
AAP recommendations for children is similar to the IOM but that of the pediatric endocrine
society is not. Premature infants, dark-skinned infants and children, and children who reside at
higher latitudes (particularly above 40°) may require larger amounts of vitamin D supplementation,
especially in the winter months. The principal source of vitamin D is solar UV-B (wavelengths of
290-315nm) irradiation. Dietary sources of vitamin D other than vitamin supplements are limited
and include oily fish, some fish oils, and egg yolks. Although some foods in the United States are
vitamin D fortified, including milk, some cereals, orange juice, some yogurts, and margarine, most
United States children do not eat sufficient quantities of vitamin D-containing foods to provide
adequate vitamin D intake.

Although 25(OH)D serum/plasma levels are considered the gold standard to identify vitamin
D deficiency, this may be a poor marker in chronic conditions such as obesity and conditions with
inflammation. Youth who are obese tend to have 25(OH)D levels in the deficient range but studies
of bone density in this population are similar to reference populations, thus there is currently no
evidence that these lower vitamin D levels in obese children have a demonstrable effect on bone
health . New screening and treatment guidelines for obese children with low vitamin D levels have
not been developed.

Infant Feeding

Many nutritional recommendations for children and infants are based upon expert consensus
and opinion, and thus should be considered in this context. This is not to say these recommen-
dations should be discounted - but concrete data to support these recommendations may not be
available.

Breast or Bottle
Lactation is discussed in Chapter 3.

The AAP states that breastfeeding and human milk are the normative standard and recommends
exclusive breastfeeding up to approximately 6 months for almost all infants (see iron and vitamin
D section above for recommendations regarding supplements for breastfed infants). Breastfeeding
is associated with numerous medical and neurocognitive advantages. Though true contraindica-
tions to breastfeeding are rare, there are significant obstacles to breastfeeding in the United States,
including lack of knowledge, limited experience with breastfeeding, lack of support for breastfeed-
ing mothers at home or in the workplace, and misguided social “norms”. All healthcare providers,
including hospitals, obstetricians, and pediatricians, and all pediatric care providers should
encourage breastfeeding whenever possible, and work to encourage community-based supports
for breastfeeding mothers. Certified breastfeeding counselors and breastfeeding support groups
should be used when appropriate to help establish and support effective breastfeeding. Interven-
tions to overcome problems with breastfeeding must be considered as relatively urgent, to avoid
interruptions in the mother’s milk supply or other problems which may interfere with longer term
success with breastfeeding. The WHO/Unicef Baby Friendly Initiative launched in 1991 and
revised in 2006 has contributed to increased rates of exclusive breastfeeding and improved infant
health and survival.
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Except for special formulas, manufacturers of infant formulas try to approximate the composi-
tion of human breast milk. For example, formula manufacturers add omega-3 and omega-6 fatty
acids, docosahexaenoic acid (DHA), and arachidonic acid (ARA) to infant formulas, as these fatty
acids are found in breast milk and support normal brain and eye development.

Iron and Vitamin D Supplementation
Even though breast milk is lower in iron than cow’s milk, the iron in breast milk is more readily
absorbed. Pre-term infants and infants with intrauterine growth retardation are born with decreased
iron stores and thus should receive iron supplements (for breastfed infants 2 mg/kg per day elemen-
tal iron is recommended as a supplement; formula-fed infants should receive iron fortified formula
and 1 mg/kg per day elemental iron as a supplement is appropriate). Recommendations for breast-
fed infants, beginning around 4 to 6 months, include 1 mg/kg per day of iron. For older infants,
iron supplements may be required if adequate intake from complementary foods is not assured.
Supplementation with 400IU of vitamin D should be initiated within days of birth for all breast-
fed infants, and for non-breastfed infants and children who do not ingest at least 1 litre of vitamin
D-fortified formula or milk daily, and consideration should be given to supplementing with up to
8001U of vitamin D per day.

Weaning Babies from Breast Milk or Formulas

Infants should remain on breast milk or formula until the age of 1 year, as the AAP recommends
that cow’s milk not be given to children under 1 year of age. Most healthcare providers feel that
cow’s milk is an important source of calories, protein, and calcium for children over 1 year of age.
Earlier introduction of cow’s milk is associated with gastrointestinal blood loss due to a milk
protein-induced inflammatory reaction in the small bowel. This blood loss may be sufficient to
deplete iron stores and to produce anemia. In addition, cow’s milk has a higher protein and phos-
phorus content than breast milk or infant formula. These components present a solute load that
exceeds the capacity of the immature kidney and may precipitate dehydration and electrolyte
imbalance in infants.

Introducing Solid Food

Recommendations concerning the introduction of solid food have changed considerably over the
years. In the past, many children ate a wide variety of foods as early as the first month of life. The
consensus among healthcare providers is to delay the introduction of solid foods until the child is
at least 4 months old. The AAP and WHO both recommend breast milk as the sole nutrient source
until 6 months of age.

Infants are not physiologically ready to accept solid foods from a spoon until they are at least 4
months of age. It is around this time that the oral extrusion reflex becomes extinguished and infants
develop sufficient head and neck control and coordination of the oral musculature to begin taking
solid foods. Recent data also suggests that early introduction of solid foods (defined as before 4
months of age in this study) may predispose the child to excess weight gain and obesity.

The introduction of solid foods marks the beginning of a critical period during which the infant
learns to master eating from a spoon and to accept different tastes and textures. Not coincidentally,
an infant’s readiness for these experiences generally corresponds to a physiologic need to supple-
ment the amounts of calories and nutrients available from breast milk or formula. However, breast
milk, formula, or a combination should still continue to be the major source of calories and nutri-
ents during the remainder of the infant’s first year.

Preventing and Managing Food Allergies
Introducing solid foods earlier in an infant’s life may stimulate the development of food allergies.
Infants from families with known food allergies are most at risk. Food allergies — actually, food



160 Part Il Nutrition Throughout the Life Cycle

hypersensitivity reactions — occur in 2 to 8 percent of children less than 3 years of age. Approxi-
mately 90 percent of food allergies are associated with the following group of eight foods: peanuts,
tree nuts (such as walnuts or cashews), eggs, milk, fish, shellfish, soy, and wheat. Approximately
2.5 percent of infants will experience allergic reactions to cow’s milk in the first 3 years of life, 1.5
percent to egg, and 0.6 percent to peanuts. Many children outgrow food allergies during the first
few years of life. Approximately 85 percent of children with reactions to milk and eggs become
tolerant to them by 5 years of age. Even a peanut allergy may remit in up to 20 percent of children.
It should be noted that celiac disease is related to a reaction to gluten, may cause symptoms
similar to food allergies (diarrhea, abdominal pain), but is not an allergy, and does not remit with
time.

General Guidelines for Introducing New Foods

Most experts agree that new foods should be introduced gradually, with an interval of at least 3
days between successive new food introductions. Following this procedure makes it easier to detect
a child’s inability to tolerate a newly introduced food. Table 4-8 summarizes how to feed an infant
during the first year of life and is often very helpful to hand out to parents of infants.

Cereals For formula-fed infants, iron-fortified cereals are the first recommended solid food. Gen-
erally offered first at 6 months of age, rice cereal is fortified with iron, is generally non-allergenic,
and is usually well tolerated. Begin with 1 to 2 tablespoons in the morning, mixed with formula
or breast milk. The cereal should be mixed to a consistency similar to that of applesauce. Cereal
can be thickened as the child grows older. Feeding cereal from a spoon helps the baby learn this
new skill, which takes a few weeks. Parents should be advised to avoid putting cereal in a bottle,
as it does not, as commonly believed, help children to sleep through the night. Furthermore, the
need to make a larger hole in the nipple to prevent clogging may cause a rapid intake of this viscous
mixture and lead to choking.

Vegetables Cooked, strained vegetables, without added salt, either homemade or as commercially
prepared baby food, are appropriate to start at 6 to 8 months of age. The importance of avoiding
salt should be stressed. Infants do not require extra sodium, and adding salt may encourage a
greater salt intake later in life. Raw vegetables that are soft or cooked (steamed) may be introduced
at 1 year of age. Hard vegetables such as raw carrots should not be introduced until the child’s top
and bottom molars have erupted and she can adequately chew and swallow these items without
choking. It is advised that vegetables be introduced prior to fruits, because infants are likely to
prefer the sweet taste of fruits to vegetables. Introducing vegetables first gives them a better chance
of being accepted by the child.

Fruits and Fruit Juice Cooked and strained or pureed fruits, either homemade or purchased baby
food without added sugar, may be started after rice cereal and vegetables. Fresh, mashed bananas
also may be introduced at this time. Peeled, soft fruits such as peaches and pears may be cut into
small pieces and started at 8 to 10 months of age. It is reccommended that foods that are harder to
chew, such as apples, should be deferred until the child has a greater capacity to chew. Juices made
from 100 percent fruit, such as apple juice, may also be offered at this time. According to the AAP,
no juice should be given to babies younger than 6 months of age. Juice intake should be limited to
less than 4 ounces per day for children over 6 months to ensure adequate intake of other foods.
Encourage parents to dilute juice with water and to only offer 100 percent juice without added
sugars.

Parents who do not themselves eat a wide range of fruits and vegetables may hesitate to offer
such foods to their infants. Research suggests that taste preferences are inherited, so if a parent
does not like broccoli, there is an increased chance that the child will also not like it. However, as
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noted below, repeated offering of a new food may overcome a child’s initial resistance or rejection
of an unfamiliar taste or texture.

Eggs In the past, experts recommended that cooked egg yolks be introduced to infants over the
age of 6 months, but that the introduction of egg whites should be delayed until the child reaches
1 year of age because of the potential risk of inducing an allergy to eggs in younger infants.
However, recent recommendations from the AAP state that there is no convincing evidence that
delaying the introduction of highly allergenic foods, such as eggs, has a significant protective effect
on the development of atopic disease.

Meat Red meat can be an important source of iron. For breastfed and partially breastfed infants,
smooth preparations of single meat (beef, veal, lamb, turkey, chicken) are suggested as the first
solid food. Recent research indicates that the early consumption of meats improves the iron and
zinc status of the older infant. Meats should be well puréed to avoid the risk of choking. Iron sup-
plementation of vegetarian breastfed babies who will not be given meat should be considered
(elemental iron 1 mg/kg per day) if dietary sources of iron are not adequate.

Starch/Carbohydrates Children tend to like pasta, spaghetti, noodles, and dry cereal. However,
other essential foods with higher nutrient density should be introduced first during the meal to
ensure that the child’s diet is complete and balanced. Whole grains are recommended over their
white counterparts for added nutrients and fiber and introducing whole grains early may help
children to acquire a life-long taste for them.

Fats High saturated fat intake is associated with a greater risk of AVD and other conditions in
adults. However, the high caloric density of fat makes it an important source of calories for the
rapidly growing infant. Unfortunately, cases have been reported of failure to thrive, in which young
children were fed an inappropriate, very low-fat, calorically inadequate diet, so it is important to
provide guidance to ensure that children are receiving a nutritionally adequate diet if modification
of fat intake is implemented. A longitudinal study has reported normal growth and development
over more than 10 years in a group of children whose parents were counseled to follow a lower fat,
nutritionally adequate diet starting in infancy.

To be prudent, the AAP recommends that dietary fat should not be limited before age 2.
However, in order to support the development of healthy eating habits, children should not have
the opportunity to eat popular high-fat foods such as french fries, chicken nuggets, pizza, macaroni,
and cheese, every day.

Beverages Soft drinks such as soda (regular and diet) are acidic and contribute to dental caries
in children by demineralizing and eroding tooth enamel. In addition, the sugar content of these
beverages sustains bacterial growth around the teeth, which also produces acidic by-products that
demineralize teeth and cause cavities. Soda and other sweetened beverages, such as juice drinks,
iced teas, and sports drinks, can contribute to excess calorie intake. It is recommended that children
and adults alike avoid consumption of such beverages. These beverages as well as 100 percent fruit
juices may contribute to obesity. They should not be given to young children and only provided in
limited amounts to older children. Juices provide nutrients, but commonly contain as many calories
as soda.

Choking Hazards Parents and caregivers should be warned not to feed infants foods that pose a
hazard for choking or aspiration. These include nuts, popcorn, grapes, raisins, raw carrots or celery,
and hot dogs.
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Psychosocial and Behavioral Implications and Recommendations
Eating habits formed in the first 2 years of life are thought to persist for several years, if not for a
lifetime. Therefore, healthy eating patterns should be established as early as possible. New foods
may need to be introduced 5 to 10 times before a child will accept them. Children imitate the eating
behaviors that they observe, so parental role-modeling exerts a strong influence on a child’s devel-
opment of healthy eating patterns. Children’s appetites vary with their growth rate and may fluctu-
ate from day to day. Studies have shown that when children are allowed to determine on their own
how much they eat, their intake may vary considerably from meal to meal, but over a period of
several days, it will, in almost all cases, be appropriate to their needs.

Potential Feeding Problems

Children begin expressing personal preferences at an early age and simultaneously develop mecha-
nisms for self-control. Parents must therefore take care to strike a balance between helping guide
a child’s food choices to develop healthy eating habits and providing sufficient opportunities for
experimentation and control. Over-controlling parental behaviors have been associated with a
child’s decreased ability to appropriately control his/her own caloric intake. Children of authoritar-
ian parents (those who set limits, but respect their child’s likes and dislikes) do best with regulating
their own intake. Parents should provide children with a healthy selection of food and children
should be allowed to determine how much food they need to eat. Children who consume a variety
of foods over time and demonstrate appropriate growth are likely to be consuming an adequately
balanced diet. Allowing children to dictate what and when they will eat likely promotes poor eating
habits. Parents who worry that their child is not eating enough and allow the child to eat anything
and at any time of the day simply to ensure that he or she eats something may be promoting poor
eating habits.

Problems also surface when parents engage in power struggles with their children over eating
issues. Toddlers and young children may experience “food jags” where they want to eat the same
food for days at a time. Meeting the child’s request, while offering other healthy foods alongside
the desired food, may be a better response than turning mealtime into a battle. Left on their own,
children eventually will tire of the same food, but if winning each mealtime struggle is in the
balance, these episodes may worsen.

Confusion and rushing at mealtimes, as well as distractions such as television, may also disrupt
the formation of appropriate eating habits. The following are recommended best practices for
caregivers feeding young children:

o Offer meals and snacks around the same time each day. Eating opportunities should be 2 to 4
hours apart. This allows the child to regulate his/her own hunger.

o Allow children to have only water between scheduled meals and snacks. Do not allow “grazing”
« Sit with children at the table and eat together as often as possible. Engage in pleasant mealtime
conversation as a family. Be a role model by eating healthful foods in front of young children
« Do not allow the child to dictate what will be served at meals and snacks. Caregivers are respon-

sible for making this decision and should not short-order cook to cater to the likes of each child.

However, ensuring that at least one food item offered is accepted by the child can make mealtimes

easier.

Do not force children to eat. Similarly, do not restrict them to only set portions. Healthy children
are able to regulate their own hunger.
» Do not use food for bribing, rewarding, or punishing children.

Nutrition During Adolescence
Adolescents undergo major physical and psychological changes that affect their behavior and
nutritional status. Issues of autonomy and rebellion, testing and searching behaviors, and the
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development of formal operational thought (logical reasoning) are all normal characteristics of
adolescents that must be considered when addressing their nutritional needs and behavior.

Requirements for Growth

Adolescents’ energy and nutrient needs increase as they enter their pubertal growth spurt, but on
a per kilogram basis, are generally lower than those of infants and children. Infants typically double
their body weight over a few months, whereas older children and adolescents may double their
weight over a period of 6 to 9 years. However, the energy needs of adolescents may vary consider-
ably — between those whose activity level decreases considerably as they transition from a younger
child who plays a lot to inactive “couch potatoes” and internet surfers, or those who are active
multiple sport participants. The iron requirements of adolescent girls also increase as they begin
to menstruate.

Lifestyle Issues

Adolescence marks a time of psychological, physical, and social changes that may influence
eating habits. In particular, adolescents commonly have (1) a tendency to skip meals (especially
breakfast and lunch); (2) sufficient money and opportunities to purchase foods (including fast
foods) on their own outside the home or school environment; (3) increased consumption of “junk
food” and sweetened beverages (adolescent males in particular); (4) a tendency to diet, particularly
adolescent girls; (5) changes in physical activity including increased activity among adolescents
participating in competitive sports or, conversely, decreased physical activity such as with non-
athletic adolescents.

Some adolescents also explore restrictive dietary practices, fad diets, or vegetarianism that may
put them at risk for vitamin, mineral, and trace element deficiencies. Eating disorders such as
anorexia nervosa and bulimia nervosa also become a concern in adolescence. They occur across
all major ethnic groups and all socioeconomic levels, and teen athletes may be at higher risk of
developing an eating disorder, especially those participating in sports where low weight, a weight
target or limiting weight gain is encouraged. Common features of eating disorders include dys-
functional eating habits, body image misperception, and rapid weight loss. Eating disorders are
generally classified as mental health problems, therefore a team approach to treatment that includes
medical management, psychological interventions, and nutritional counseling is recommended
(see Chapter 4: Case 3).

Malnutrition in Childhood and Adolescence

For millennia, custom, ancestral teaching, seasonal availability and climate, and the luck of the
hunter governed what was put on the table to nurture and sustain families, tribes, and socie-
ties. Travel, trade, agriculture industrialization, and now a global marketplace have altered the
forces that govern available foods and diet. Choices of when, where, and how much to eat may
still follow culture and custom, but they are also influenced by education, marketing, and soci-
oeconomic status. Biological mechanisms that control eating and metabolism evolved in this
historic context but now interact with a modern environment in which Western-style, calorie-
dense foods are widely available and intensely promoted. High-energy-density foods such as
fats and sweets are generally less expensive than low-energy-density foods such as fruits and
vegetables. Furthermore, the cost of foods high in fat and simple carbohydrates rises little
even during economic inflation while the cost of fruits, vegetables, dairy products, meat, and
fish increases substantially. Despite our relative affluence, many United States children and ado-
lescents are poorly nourished.
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Undernutrition in Children

Undernutrition may be the result of a poor or suboptimal diet; total calorie intake may be inade-
quate or excessive, and specific nutrient intake may be inadequate or unbalanced. Adequate
and appropriate nutrition during childhood and adolescence promotes normal growth and devel-
opment. Furthermore, nutrition and physical activity during childhood and adolescence may
influence disease risk, productivity, and quality of life during childhood and during adulthood.
Inadequate calorie and nutrient intake may impair linear growth, neuro-cognitive development,
and specific organ system development, and may increase mortality.

Malnutrition in pediatrics is poorly defined. The prevalence of underweight (defined as <5th
percentile for age and sex-specific norms) in United States children and adolescents is below the
expected rate of 5 percent. Among low-income children from birth to age 5 years, the overall
prevalence of underweight decreased from 6 percent in 1995 to 4.7 percent in 2004. Although it
is important to identify, evaluate, and treat underweight children, acute undernutrition is not cur-
rently considered a major public health concern in the United States. Much of the underweight
and undernutrition observed in children occurs in those with medical conditions associated with
altered metabolism, intestinal malabsorption, or decreased caloric intake (e.g., congenital heart
disease, cystic fibrosis, inflammatory bowel disease, poorly controlled type 1 diabetes, and signifi-
cant food allergy and intolerance). Athletes in certain sports (e.g., gymnastics, wrestling, distance
running) who sometimes use extreme methods to lose or maintain weight should also be consid-
ered an at-risk group.

For the past two centuries, pediatricians in western societies have described malnourished chil-
dren using the term “failure to thrive” (FTT). FTT is considered to be due to physical or psycho-
logical problems in early childhood that result in growth delay and cognitive deficiencies. However,
there is no consensus on a FI'T definition. Unlike undernutrition, the diagnosis of FTT is solely
based on anthropometric parameters. Currently used anthropometric criterion for FTT include
any of the following: (1) weight, 75 percent of median weight-for-age (Gomez criterion); (2) weight,
80 percent of median weight-for-length (Waterlow criterion); (3) BMI, <5th percentile; (4) weight-
for-age, <5th percentile; (5) length-for-age, <5th percentile; (6) weight deceleration crossing more
than two major percentile lines; percentile lines used: 5, 10, 25, 50, 75, 90, 95, from birth until
weight within the given age group; and (7) conditional weight gain = lowest 5 percent, adjusted
for regression towards the mean from birth until weight within the given age group. Unfortunately,
the sensitivity and positive predictive value of single criteria are poor at detecting children with
growth patterns likely to reflect significant undernutrition. It is therefore recommended to use
several criteria to diagnose FT'T.

Gross micronutrient deficiencies are rare in the United States, but the risk of deficiencies may
be increased in certain situations. For example, laboratory anomalies may be observed during the
refeeding syndrome (typically phosphorus, but also potassium, calcium, magnesium and thiamine)
when rapidly feeding patients who are chronically or severely undernourished. Another example
— deficiencies of fat-soluble vitamins - may occur with intestinal malabsorption and result in
xerophthalmia (vitamin A) and peripheral neuropathy (vitamin E). Deficiencies following gastric
bypass surgery (completed most commonly as a treatment for obesity) may be associated with
vitamin B and D deficiencies. Signs and symptoms associated with vitamin deficiencies are
described in Chapters 1 and 2.

Treatment of Deficiencies

As part of the evaluation for a suspected nutritional deficiency, it is important to also assess the
cause for the deficiency, as the therapy for the deficiency will be related to the etiology. For example,
milder deficiencies related to inadequate dietary intake of a nutrient may be managed with dietary
modification, or a relatively short term of therapeutic supplementation followed by long-term
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dietary modification. In patients with significant malabsorption, such as that due to cystic fibrosis
or short bowel syndrome, long-term high-dose supplementation may be necessary. Non-enteral
avenues of delivery of the supplement may also be considered. In cases of deficiency that require
active therapeutic supplementation, it is also important to judge the appropriate rate of rehabilita-
tion. For example, xerophthalmia due to vitamin A deficiency is a medical emergency requiring
immediate and aggressive vitamin A supplementation to prevent blindness. On the other hand,
overly aggressive and rapid supplementation of vitamin D without adequate calcium supplementa-
tion may precipitate severe hypocalcemia in patients with significant vitamin D deficiency.

Overweight and Obesity in Children

Overweight and obesity affect one-third of United States children and represent major threats to
their current and future health (Figure 4-4). The prevalence of obesity is higher among African-
Americans and Hispanics than among Caucasians in the United States as shown in Figure 4-5.

Co-morbidities associated with obesity in youth can influence most of the body’s systems includ-
ing: cardiovascular (dyslipidemia, hypertension), endocrine (impaired oral glucose tolerance test,
type 2 diabetes mellitus, polycystic ovary syndrome), gastrointestinal (anemia, constipation, fecal
soiling, gastroesophogeal reflux disease, non-alcoholic fatty liver disease), orthopedic (Blount’s
disease, slipped capital femoral epiphysis (SCFE), flat feet), neuropsychiatric (binge eating, com-
pulsive eating, night eating, depression, anxiety, weight teasing), and pulmonary (asthma, sleep
apnea).

Children who are overweight or obese are at substantially increased risk for type 2 diabetes,
hypertension, and other cardiovascular disease risk factors. The prevalence of hypertension has
been increasing in children and adolescents, likely linked to the increasing rate of obesity. Guide-
lines to screen at-risk children, as well as guidelines for the measurement, evaluation, and treatment
of high blood pressure, hypercholesterolemia, and dyslipidemia in children and adolescents have
been issued (Table 4-7 and Figures 4-2 and 4-3),(www.nhlbi.nih.gov; http://www.nhlbi.nih.gov/
health/prof/heart/hbp/hbp_ped.pdf). Children should have their blood pressure checked annually,
starting at the age of three. Using the correct cuff size is important, especially for obese children.

30
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Figure 4-4 Trends in Obesity Among Children and Adolescents Aged 2-19 years, by Sex: United States, 1971-74
through 2009-2010. Obesity is Body Mass Index Greater Than or Equal To the 95th Percentile of the Sex- And
Age-Specific 2000 CDC growth charts

Source: CDC/NCHS, National Health and Nutrition Examination Surveys (NHANES) I-lIl; and NHANES, 1999-2000,
2001-2002, 2003-2004, 2005-2006, 2007-2008, and 2009-2010; http://www.cdc.gov/nchs/data/hestat/
obesity_child_09_10/obesity_child_09_10.htm
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Figure 4-5 Prevalence of Obesity Among Boys Aged 12-19 Years, by Race and Ethnicity: United States,
1988-1994 and 2009-2010. Obesity is Body Mass Index Greater Than or Equal To the 95th Percentile of the
Sex- And Age-Specific 2000 CDC growth charts

Source: CDC/NCHS, National Health and Nutrition Examination Survey (NHANES) Ill, 1988-1994, and NHANES,
2009-2010; http://www.cdc.gov/nchs/data/hestat/obesity_child_09_10/obesity_child_09_10.htm

Children’s blood pressure percentile ranges vary by age, gender, and height, and are generally lower
than adult blood pressure levels. It is important to use specific pediatric blood pressure standards
when assessing blood pressure in children and adolescents.

Obesity related co-morbidities can have a substantial impact on the lives of children and ado-
lescents, on their utilization of healthcare services, and on their ability to attend school and engage
in activities that support healthy growth and development. Children and adolescents exhibiting
co-morbidities including dyslipidemia, insulin resistance, and glucose intolerance, and show evi-
dence of endothelial dysfunction and increased carotid intima-media have an increased risk of
cardiovascular disease in adulthood.

In contrast to their non-obese peers, individuals who were obese during adolescence and young
adulthood have diminished academic achievement, lower household incomes, and higher rates of
household poverty. In adults, obesity increases the risk of injury, illness, and absence from work.
Compared to their normal weight peers, overweight children and adults utilize more healthcare
resources and the cost of their care is greater. The costs of overweight and obesity to individuals,
to families, and to society at large are staggering and are predicted to increase over the coming
decades. Obesity seems to be both a cause and a consequence of increasing social inequalities in
the United States.

Though it is clear that a predisposition to excess weight gain and obesity is inheritable, genetic
studies of specific genetic variants explain only a small proportion of the variability in weight
(except in some very rare, extreme circumstances). It has been postulated that humans evolved in
an environment which offered a survival advantage for individuals able to store energy efficiently
during times of plenty and mobilize these stored calories during times of scarcity. Exposed to an
environment with abundant food, these individuals would continue to store excess calories as fat
and to become obese, and be somewhat resistant to attempts to lose weight.

The current “westernized” environment commonly provides easy access to excess calories, in
calorically dense foods, and also provides many energy saving devices (e.g., driving cars instead of
walking), and situations which limit energy expenditure (e.g., TV watching, playing video games,
computer use or playing on smart phones or tablet devices). Thus, it is proposed that the interac-
tion between humans’ genetic predisposition to weight gain in times of plenty, and protective
mechanisms preventing or limiting weight loss interact with the environment which encourages
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excess caloric intake and discourages caloric expenditure to support the rising prevalence of
obesity. Several observational studies in developing countries support this hypothesis.

Epigenetic modifications of the genome have been postulated as a mechanism whereby the
metabolic environment may affect or alter gene expression. This could potentially occur in utero
or during postnatal life. Although the molecular mechanism is not clear, the intrauterine environ-
ment affects the risk of obesity, insulin resistance, and cardiovascular disease. Children born to
mothers who were obese prior to and during pregnancy or those who had hyperglycemia, glucose
intolerance, or diabetes during pregnancy are at increased risk of obesity, insulin resistance, and
cardiovascular disease later in life.

Prevention and Management Issues

Decreasing risks of long-term health complications is the ultimate goal of treating the obese child.
After completing a medical, lifestyle (food, physical activity, and sleep habits), and psychosocial
assessment, the clinician can offer individualized treatment. The family background, culture, and
readiness to change are important considerations in the treatment plan. In some cases, the family
may need to be connected to other resources like behavioral health or social services before weight
management counseling can begin.

There are no evidence-based standardized practices for individualized treatment of pediatric
obesity. Therefore; healthcare professionals rely on expert recommendations which are supported
by the AAP.

The AAP recommends a multi-stage approach which trends toward more intensive care if each
successive intervention is unsuccessful. The first step, “Prevention Plus” involves the primary care
provider working with the family on targeted lifestyle behaviors (Table 4-9). If progress has not
been made toward an improved BMI after 3 to 6 months, step 2 is “Structured Weight Manage-
ment”. This happens in an ambulatory care setting and involves support from other healthcare
professionals, mainly registered dietitians. The next step, “Comprehensive Multidisciplinary Inter-
vention” takes place in a specialty clinic and uses a team approach that includes a physician, a
registered dietitian, a mental health provider, and/or an exercise specialist. “Tertiary Care Interven-
tion” is the final step and can involve pharmacological or surgical treatment. This step occurs in a
tertiary care setting.

When a family is ready to change, the child’s primary care provider focuses on lifestyle changes
using motivational interviewing (a non-judgmental counseling approach used to elicit behavior
change in individuals). To pinpoint barriers and facilitate change, referrals to specialty providers
or multidisciplinary teams may also be helpful.

Table 4-9 Healthy Lifestyle Recommendations to Maintain or Achieve Healthy Weight

Limit consumption of sugar-sweetened and fruit juice beverages to 0-1 serving (6 ounces)/day
Increase fruit and vegetable consumption to >5 servings/day (see USDA guidelines- www.choosemyplate.gov)
(needs hanging indent)

e Limit TV and other screen time to <2 hours/day (none before 2 years of age)

Greater than 1 hour/day physical activity

Incorporate physical activity (e.g., walking, bike riding) into normal routine

Remove TVs and other screens from child’s primary sleeping area

Eat a healthy breakfast daily

Limit eating out at restaurants and eat home cooked meals as often as possible

Encourage family meals together at the table

Offer structured meals and planned snacks in the home

Involve the whole family in lifestyle changes

Provide age-appropriate portion sizes

Avoid the imposition of overly restrictive control on eating

Source: Adapted from Andrew Tershakovec, MD. 2014. Used with permission.
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Specific behavioral goals for families hinge on several factors, but a main variable is determining
the agent of change (the person responsible for behavior change in an individual). In children 5
years and under this is the parent, but for older children and teenagers, the agent of change can
vary. As the child works toward improved weight status, defining roles of the parents and the child
is essential. For example, the parents will ensure that healthy after school snacks are available in
the home daily after school, while the child is responsible for eating these healthy snacks rather
than stopping at a corner store for unhealthy snacks instead. In this case, both the parents and the
child have defined responsibilities to fulfill. Involvement of the entire family is vital to achieving
and maintaining lifestyle changes.

When families are ready to change, the clinician can focus on target areas based on the child’s
current lifestyle and behaviors. If the child is not showing improvement in behaviors or BMI status,
barriers may need to be further explored and motivation to change may need to be re-addressed.
At this point the patient may need to move to the next stage of treatment as outlined above.

Medications

Options for the pharmacologic treatment of pediatric obesity are limited and provide only moder-
ate results (BMI loss of 1 to 3kg/m?*) and are commonly associated with side effects. Weight regain
with the discontinuation of the agent is also common. Currently, there is not enough evidence for
the long-term safety and efficacy of pharmacological agents to treat pediatric obesity. Orlistat is
available for individuals aged 12 years and older as an adjunct therapy to behavior modification.
It is most beneficial to those with poor adherence to dietary changes, and are at higher risk of
cardiovascular disease. Orlistat affects fat digestion resulting in a reduction in calories digested,
and improved BMI and cardiovascular blood markers. The unpleasant gastrointestinal side effects
of orlistat may limit long-term compliance.

Although metformin is frequently prescribed by physicians to treat outpatient pediatric obesity,
its use is not approved by the Food and Dug Administration (FDA) except for adolescents age 10
years and older who have type 2 diabetes. In fact, long-term findings from a recent randomized
clinical trial of metformin to treat adolescent obesity were rather disappointing, and could even
exacerbate weight gain at discontinuation.

Bariatric Surgery

There is increasing evidence that pediatric obesity surgery is relatively safe and effective particulary
when the risks of surgery must be weighed against the progressive nature of conditions associated
with obesity. For example, for a morbidly obese adolescent with poorly controlled diabetes, timing
of surgery may be critical to the prevention of significant organ damage.

Obesity surgery is a treatment option for pediatric individuals who are emotionally and physi-
cally mature, and meet criteria for weight and medical severity. The Roux-en-Y gastric bypass, a
restrictive and malabsorptive procedure, is the preferred surgical procedure because it has the most
long-term data in both adults and adolescents. However, vitamin deficiencies, anemia, and ulcers
are of particular concern in non-compliant adolescents. Therefore the laparoscopic sleeve gastrec-
tomy, a restrictive procedure, is becoming a more attractive alternative in non-compliant individu-
als, especially adolescents. As opposed to the Roux-en-Y procedure, the band, which is purely
restrictive, requires research consent as it is not FDA approved. A multidisciplinary team and a
strong pre- and post-operative program are imperative (see Chapter 1, Case 2).

Childhood Nutritional Factors in Preventing Adult

Cardiovascular Disease

The association between elevated cholesterol levels and heart disease has been well documented in
adults. Several studies suggest that adult atherosclerosis has its roots in childhood, and link early
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atherosclerosis and vascular dysfunction in children with childhood dyslipidemia. Furthermore,
lifestyle factors, such as diet and physical activity, have been linked to lipoprotein levels and other
cardiovascular disease risk factors in children and adults. This is especially important to consider
given the association between obesity and dyslipidemia (including increased triglycerides and
decreased HDL-C).

Vascular Disease and Dysfunction in Children and Adolescents

The atherosclerotic process has been noted to begin in childhood and adolescence. The earliest
atherosclerotic lesion is the fatty streak, a collection of lipid-laden macrophages in the intima of
an artery. Autopsy studies of children and young adults from the Bogalusa Heart Study who died
of various causes, principally trauma, have shown a correlation between pre-morbid cholesterol
levels and early atherosclerotic changes, and the prevalence of changes was positively associated
with age, blood pressure, and BMI. Other studies have demonstrated an association between
atherosclerotic disease and other factors, such as age, smoking, BMI, and elevated blood pressure,
and the extent of vascular lesions rises exponentially with an increasing number of risk factors in
young adults.

Imaging and functional studies have also identified the onset of vascular disease and dysfunction
in childhood. Carotid intima-media thickness, assessed by ultrasound as a surrogate marker for
atherosclerosis, has been observed to be increased in adolescents and young adults with hyperc-
holesterolemia, and in those with a positive family history of premature heart disease. Arterial
stiffness and distensibility, also assessed by ultrasound, are associated with familial and non-familial
hypercholesterolemia, elevated blood pressure, decreased cardiovascular fitness, and obesity.

Dietary and Lifestyle Recommendations for Hyperlipidemia

In addition to the focus on children at risk, a healthy lifestyle and diet are recommended for all
children as part of population-based prevention. Though a low-fat diet is not recommended for
children less than 2 years of age, a healthy well-balanced diet is appropriate at all ages. The recom-
mended diet should provide adequate calories and nutrients to support normal growth and devel-
opment, and no more than 30 percent of calories from fat, less than 7 to 10 percent of calories as
saturated fat, and less than 300 mg cholesterol per day. The intake of trans fatty acids should be
limited as much as possible. The Dietary Approaches to Stop Hypertension (DASH)-style diet is a
diet relatively high in fruits, vegetables, low-fat or non-fat dairy products, whole grains, fish,
poultry, beans, seeds, and nuts, and relatively low in sweets, added sugars, fats, and red meat (com-
pared to the typical American diet). It has been shown to help decrease blood pressure in adults
and when modified for children, it is recommended as a healthy diet construct for children and
adolescents. This diet is also recommended as initial therapy for children over the age of 2 years
with hypercholesterolemia. Further restricting saturated fat intake to less than 7 percent calories,
and cholesterol intake to 200 mg/day may be considered as appropriate for hypercholesterolemic
children. Children under the age of 2 years require a higher fat diet to maintain normal growth
and central nervous system development and thus the AAP does not recommend a lower fat diet
for children less than 2 years old.

Though the initial National Cholesterol Education Program (NCEP) dietary recommendations
did not focus on caloric intake, given the rising prevalence of obesity, and the interaction between
obesity and lipid levels (especially triglycerides and HDL-C), these dietary recommendations for
the general population and for hypercholesterolemic children have evolved to aim for caloric intake
that maintains or achieves a healthy weight as a priority. Consistent with this, dietary intervention
must be viewed as one component of a comprehensive program to reduce cardiovascular disease
risk. Exercise, blood pressure, sedentary/physical activities, smoking (active and passive), relative
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weight and excessive weight gain, and risk factors for the development of diabetes are all factors
that should be assessed in the general population and especially in children and adolescents with
hyperlipidemia.

For children and adolescents with mixed dyslipidemia, dietary management should focus on
limiting the intake of simple carbohydrates, and include a special focus on weight management, in
addition to the general healthy diet reccommendations.

Lipid lowering drug therapy in children and adolescents should be considered only after imple-
menting healthy diet and lifestyle recommendations, and in limited high-risk circumstances. In
general, children and adolescents should be referred to a pediatric lipid specialist before instituting
lipid lowering drug therapy. Guidelines for lipid lowering therapy are available at http://
www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm.

Conclusion

In conclusion, nutrition during childhood and adolescence has both immediate and long-term
effects on growth, development, health, and quality of life. An evaluation of physical growth, nutri-
ent intake, and energy balance, and recommendations to follow a healthy diet and lifestyle should
be part of routine pediatric care. Children and families should be supported to make healthy eating
and living a regular habit. Physical examination and selected laboratory tests may be needed to
identify specific nutrient deficiencies, biochemical abnormalities, or modifiable risk factors for
disease (e.g., dyslipidemia, iron-deficiency anemia, vitamin D deficiency) that could be managed
with nutritional counseling, dietary modification, and supplementation, as appropriate. Pediatric
healthcare providers need to be aware of the medical conditions and activities of children and
adolescents which may be associated with malnutrition or deficiencies and be extra vigilant in the
care of these children. Healthcare providers must identify nutritional inadequacies and counsel
parents and children regarding appropriate food intake and levels of physical activity to support
optimal growth and development and to prevent disease and disability. Promoting good nutrition
is important for all patients, but is a required, extremely important aspect of good pediatric care.
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Chapter 4: Infants, Children, and Adolescents
Case 1 Overweight Child with Insulin Resistance

Andrew M. Tershakovec' and Lisa Hark’
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OBJECTIVES

e Take an appropriate dietary and medical history including family history of overweight or obesity, and
social history regarding physical activity, sedentary activity, and other lifestyle issues.

e Perform an appropriate physical examination for an overweight or obese child or adolescent; evaluate
the patient for other signs and symptoms of chronic diseases associated with obesity (e.g.,
hypertension, insulin resistance, dyslipidemia, sleep apnea, orthopedic problems, etc.).

e |dentify factors responsible for increasing weight in order to recommend suitable dietary or lifestyle
changes.

e Recognize the importance of the patient and patient’s family involvement in making changes as well
as the social, emotional, and psychological factors that may support the development of obesity and
may influence the response to intervention.

AN is a 14-year-old boy who comes to see his physician for a health maintenance visit. His parents
report that he has gained a lot of weight over the past two summers while attending an overnight
teen travel camp that involved sitting on a bus for many hours and eating all meals at food courts,
hotels, or fast food restaurants. They are asking for help because AN has become less interested in
sports and prefers to play video games rather than play outside with his friends as he used to.

Past Medical History

AN was a full-term infant (birth weight 3950g). His mother notes he was always thin as a child
and is now shorter than most of the boys his age. Growing up he always had a good appetite but
rarely ate vegetables. AN’s mother notes his weight gain had been relatively stable until he reached
the age of 12, when his rate of weight gain increased over the subsequent 2 years.

Family History

AN’s family history is positive for type 2 diabetes, obesity, and heart disease. His mother had ges-
tational diabetes during her pregnancy with AN. She is 35 years old and has a BMI of 35kg/m’
(obesity class II) and was recently told she has an elevated blood glucose level indicative of
prediabetes. His father (age 36) has a BMI of 28kg/m’ (overweight). His maternal grandmother
(age 65) is obese (BMI 32kg/m’) and has hypertension and type 2 diabetes; his maternal grandfa-
ther (age 67) had a myocardial infarction (MI) at age 53.

Social/Development/Puberty
AN’s early childhood development is described as normal. He walked at age 15 months, was toilet
trained at 3% years. He is described as an average student. He admits that he feels uncomfortable
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with his stomach and does not want to take his shirt off in the summer when he goes swimming.
He has friends but now prefers to spend most of his free time playing video games. AN denies
smoking, alcohol, drugs, or sexual activity.

Social History

AN’s mother works from 9 a.m. to 5 p.m. daily as a school administrator. AN’s father works 8 a.m.
to 6 p.m. as an optician. His parents divorced 4 years ago and he splits his time between his mother’s
and father’s homes. AN is either alone in the afternoon or watched by his grandmother before
either parent comes home from work. He is an only child.

Diet/Physical Activity History

AN’s parents state that he has always had a “healthy appetite” When asked what he eats during the
day (24-hour recall), mother states that at her house he usually eats scrambled eggs, bacon, toast,
and orange juice for breakfast, and at father’s house he eats a donut or a bagel with cream cheese,
and drinks orange juice. Both parents pack a sandwich for lunch at school (peanut butter and jelly
with cookies, juice or chocolate milk, or turkey with mayonnaise on white bread). AN usually
augments what his parents provide at the school cafeteria with either a slice of pizza or some chips
or pretzels. When he comes home from school he will usually have a snack of more chips or a
grilled cheese sandwich and orange juice. He will eat fruit when his parents provide it. Mom or
dad each eat out with AN once a week where he orders two slices of pizza or a bacon cheese burger
with fries and a soda). At home, they make baked chicken or burgers, potatoes or rice, and broccoli
or string beans. While salad is usually served, he does not eat it. He drinks whole milk with dinner.
AN’s parents state that he is active with soccer and baseball during the year but they have noticed
that his performance seems to be suffering as he can sometimes not keep up with the other boys.
AN goes to bed between 9:30 and 10:00 p.m. and generally sleeps at least 9 hours. AN’s parents
report that he does snore and occasionally naps during the day.

Review of Systems

Skin: No history of rashes

Neurologic: No headaches, tremors, seizures

Endocrine: No polyphagia, polydipsia, or polyuria

Pulmonary: Regular snoring noted. Some decreased in exercise tolerance noted with weight gain
Joints: No swelling; complains that his legs hurt if has to walk for a long distance

Physical Examination

Vital Signs

Temperature: 99 °F (37°C)

Heart rate: 95 BPM

Respiratory rate: 26 BPM

Blood pressure: 130/80 mm Hg (~90-95th percentile for age, sex, and height)
Current weight: 75kg (1651b) (95th percentile for age)
Current height: 160 cm (63”) (25th percentile for age)
BMI: 29.3kg/m* (>95th percentile for age)

Weight history:

9 y/o: 28kg (50th percentile for age)

11 y/o: 35kg (50th percentile for age)

13 y/o: 60kg (90th percentile for age)

Exam
General: Overweight teenage boy in no acute distress, no hirsutism, no edema, no
Cushingoid features
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Skin: Wrinkled, hypertrophied skin with increased pigmentation at base of neck

HEENT: No abnormalities noted

Neck: Non-palpable thyroid

Eyes: EOMI, PERRL, normal disc margins

Abdomen: BS (+), soft, no masses or organomegaly palpable, liver span by percussion 8 cm, stretch
marks noted

Cardiac: Regular rate and rhythm, S1, S2, no murmurs

Chest: Clear

Genitalia: Tanner 2 boy, phallus moderately obscured by fat pad, testes normal

Neurologic: Alert, strength 5/5, DTR +2 upper and lower extremities, normal tone

Orthopedic: Wide-based gait without a limp, mild bowing of lower aspect of legs bilaterally, full
range of motion in both hips

Laboratory Data

Patient’s Fasting Values Normal Values
Glucose: 92mg/dL 70-99 mg/dL

Insulin: 28 pU/mL <20pU/mL

HbAIC: 5.7% <3-6%

Total cholesterol: 212 mg/dL desirable <200 mg/dL
Triglycerides: 145mEq/L desirable <120 mg/dL
LDL-C: 105mg/dL desirable <130 mg/dL
HDL-C: 38 mg/dL desirable >40mg/dL
ALT: 37U/L 10-30U/L

AST: 55U/L 10-30U/L

TSH: 2.3pU/L 0.5-5.0pU/L

Case Questions

1. Describe methods that can be used to assess AN’s weight.

2. Describe the risk factors and health consequences associated with being an overweight child or
adolescent.

3. What additional information should be asked regarding AN’s increasing weight over the past 4
years?

4. How can AN’s and his family’s readiness to change be assessed and how should this treatment
process be explained?

5. What are the appropriate medical nutrition therapy and physical activity recommendations for
AN and his family?

6. What type of behavior modification techniques can be used to help AN and his family imple-
ment these dietary and lifestyle suggestions?

Answers to Questions: Case 1
Part 1: Diagnosis

1. Describe methods that can be used to assess AN’'s weight.

In the current CDC growth charts, which include BMI growth curves for children and adolescents,
overweight is defined as a BMI between the 85th and 95th percentile, and obesity is defined as
BMI greater than the 95th percentile. However, BMI is only a screening tool and the patient’s degree
of overweight must be confirmed on physical examination. Such screening is necessary to identify
those who require intervention. The goal of intervention may be weight loss, or weight stabilization
depending on the specific circumstances. Decreasing the rate of weight gain while a child is growing
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will help decrease ultimate gain in relative weight. AN’s BMI of 29.3kg/m” is >95th percentile for
BMI for his age and sex. This places him in the obese category (see Table 4-1).

It is apparent from his weight history that AN was not always an overweight child, but began to
gain weight rapidly over the past few years, crossing percentiles from 50th, 75th to 90th percentile
for weight-for-age. It is common that overweight pre-pubertal children are taller than their normal
weight counterparts, thus further evaluation of short obese children and adolescents should be
considered to assess for inherited syndromes (e.g., Prader-Willi syndrome) or medical conditions
(hypothyroidism or other endocrine disorders) that may be associated with slower growth and
excess weight gain. AN’s stature-for-age plots him at the 25th percentile. As part of his further
evaluation, bone X-rays revealed a delayed bone age. No other abnormalities were identified in the
assessment. The delayed bone age suggests AN still has significant growth potential, which is sup-
ported by his Tanner stage that places him early in puberty. This may help support any planned
weight management program, as he still has the potential to “grow into his weight” somewhat, if
his rate of weight gain is at least stabilized (in other words, a weight loss diet may not be necessary
at this time).

2. Describe the risk factors and health consequences associated with being an over-
weight child or adolescent.

Overweight children and adolescents are at risk for similar health problems as adults who are
overweight or obese, including type 2 diabetes, hypertension, dyslipidemia, sleep apnea, asthma,
gall bladder disease, orthopedic problems, and non-alcoholic fatty liver disease. AN’s dyspnea on
exertion is likely due to poor cardiovascular fitness. Cardiac problems in an adolescent would be
very rare, though the dyspnea could be a sign of undiagnosed exercise-induced asthma. An appro-
priate program for AN’s fitness level should be recommended with the goal to improve his overall
cardiovascular fitness level, which will help support overall weight management efforts.

Sleep Apnea Upon further questioning about his sleep patterns, AN and his parents indicate that
he is a restless sleeper who snores loudly and sometimes has daytime sleepiness. These symptoms
may be consistent with sleep apnea. AN should be referred to a pulmonary specialist for further
evaluation and possibly a formal sleep study.

Diabetes Recently, there has been a dramatic increase in the prevalence of type 2 diabetes in
children and adolescents, especially in African-American, Hispanic, and other minority popula-
tions. This may be explained, in part, by the parallel increase in the prevalence of overweight among
children and teenagers. A positive family history of type 2 diabetes is associated with an increased
risk of insulin resistance (insulin resistance is thought to be part of the etiology of type 2 diabetes).
AN’s grandmother has diabetes, and the mother’s history of gestational diabetes and current ele-
vated glucose level suggest she has insulin resistance and is at risk of developing type 2 diabetes.
The increased skin pigmentation that AN demonstrates could be acanthosis nigricans, which is
associated with insulin resistance. Since AN is obese, has a strong family history of type 2 diabetes
and cardiovascular disease, and has acanthosis nigricans and prehypertension, he meets the criteria
to be screened for diabetes. Thus a fasting serum glucose, insulin, and hemoglobin A1C were
obtained. AN has a high normal glucose (92mg/dL) and hemoglobin A1C (5.7 percent), with an
elevated insulin level (28 mIU/mL), which is consistent with insulin resistance. However, in the
evolution of type 2 diabetes, post-prandial glucose increases earlier than fasting glucose, therefore,
determining plasma glucose 2 hours after a standard glucose load as part of an oral glucose test or
2 hours after a meal should be considered, along with further evaluation by an enodcrinologist.

Heart Disease/Hypertension As AN has multiple risk factors for adult cardiovascular disease
(family history of heart disease, obesity, elevated blood pressure), a fasting lipid panel was ordered.
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These results, when compared to the age appropriate percentiles, indicate that AN has elevated
triglyceride levels, and a reduced HDL-C level. Hypertriglyceridemia and low HDL-C are the most
common lipid abnormalities associated with insulin resistance. AN’s blood pressure is elevated.
Further evaluation to confirm these levels should be undertaken. Weight management and dietary
change would be the first recommended intervention, and ANs blood pressure should be moni-
tored at least every 6 months.

Non-Alcoholic Fatty Liver Disease (NAFLD) Overweight children may present with increased
liver enzymes [alanine amino transferase (ALT) and aspartate amino transferase (AST)], which
may be indicative of hepatic fat infiltration. Abnormal liver function tests have been described in
6 to 10 percent of obese adolescents. This condition, know as non-alcoholic fatty liver disease
(NAFLD), has been described to progress to cirrhosis and liver failure in adults and in rare cases
in children. Obesity-associated NAFLD is commonly associated with insulin resistance. Other than
weight loss, there is currently no accepted therapy for NAFLD. Persistent elevations in liver enzymes
should be evaluated further.

3. What additional information should be asked regarding AN’s increasing weight over
the past 4 years?

AN’s 24-hour recall reveals that a lot of calories, sugar, and fat could be coming from meals eaten
away from home, such as pizza, burgers, fries, and soda. It would be especially helpful to determine
the portion sizes of meals and drinks when he eats out, as well as when AN was eating “on his
own” at camp and at home in the afternoon. Since AN is drinking juice at home with meals and
snacks, it is also important to probe for the size of these drinks. Though juice contains more nutri-
ents than soda, juice and other sugar containing beverages can provide a lot of calories. AN is
doubling up on his lunches when in school and although after school snacks for growing adoles-
cents may be appropriate, the caloric density of the foods consumed must be considered. When
assessing dietary intake, it is important to note that dietary information provided for obese indi-
viduals tends to be under-reported. Studies suggest that obese adolescents under-report their
caloric intake by as much as 40 to 60 percent, and that obese individuals under-report to a greater
degree than non-obese individuals.

Further questioning reveals AN eats at least two slices of pizza and a large soda or an adult bacon
cheese burger with large fries and a large soda when eating out and at least 12 ounces of orange
juice at each meal or snack at home. During school, after AN eats his packed lunch, AN will also
purchase a bag of chips or an ice cream dessert. After school he spends most days with his grand-
mother, who serves him a bag of chips and a grilled cheese sandwich with chocolate milk at 3:30
p.m. for a snack, after which time he does his homework and plays video games until dinner. After
dinner, AN also enjoys either ice cream and a few chocolate chip cookies or an 8 ounce (240 mL)
glass of whole milk with peanut butter crackers before bed.

Physical Activity AN’s parents stated that he is active with soccer in the fall and baseball in the
spring. He usually has one game each week and plays goalie or a defensive position where there is
very little running involved. As both teams have many players, AN never plays more than half a
game or about 25 minutes. Following the game AN’s family often go to a fast food restaurant. AN
is sedentary during the winter months.

Sedentary Activity Detailed questioning about AN’s television, video, and computer game
usage reveals that on weekdays, on average, he watches 3 hours of screen time per day. On weekends
AN watches television, plays video or computer games, or “surfs the web” for up to 6 hours
per day.
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4. How can AN and his family’s readiness to change be assessed and how should this
treatment process be explained?

Prior to recommending any dietary or lifestyle suggestions, it is very important to assess both
AN’s and his family’s interest in making changes, which will need to be consistent at both his
mother’s and father’s houses. It is best to directly address the motivation and willingness to change
with AN and his parents. Some families may express significant interest in changing, yet will be
unable to identify concrete changes they are willing to undertake. It is also important to assess
other potential environmental obstacles (e.g., uncooperative family members like AN’s grandmother).

Motivational interviewing strategies use a ladder or Likert scale to determine how important the
issue is to address and how competent each family member is in being able to institute needed
changes. This conviction and confidence model has been used with success in many behavior
change studies. AN’s parents stated in the initial work-up that he has gained a lot of weight since
last year so they seem to realize that there may be a problem with his weight. However, the fact
that they blame his activities at teen travel camp and do not recognize the contribution of his
sedentary lifestyle and increased caloric intake as a problem suggests some denial, or lack of will-
ingness to change. Because AN says he does not like they way his stomach looks and admits that
he feels embarrassed to take his shirt off at the pool, suggests that he has some interest in changing.
However, the fact that he is becoming more and more withdrawn may suggest depression or other
psychosocial issues that may be necessary to address before weight management interventions can
be successful.

When explaining the process of weight management and the implications of excessive weight
gain, it is useful to review the child’s growth curve with the family. The specific medical issues
affecting the child should also be discussed. In AN’s case, his insulin resistance, acanthosis nigri-
cans, snoring indicating possible apnea, elevated blood pressure, and dyslipidemia are all partially
related to his obesity. The family history of insulin resistance, diabetes, and premature heart disease
should also be noted as additional reasons for increased vigilance. Explaining to parents and other
family members that improved diet and increased physical activity with weight stabilization or
weight loss can decrease AN’s risk of developing diabetes and cardiovascular disease, may help
motivate them to support him and potentially to join him in making changes.

In general, the initial goals of a pediatric weight management program are to decrease the rate
of weight gain, aiming to keep weight stable while the child grows to decrease relative weight. In
this case, given AN’s continued growth potential, weight stabilization is an important first goal.
With significant obesity, weight loss may be appropriate in children, and can be safely implemented
with appropriate supervision.

5. What are the appropriate medical nutrition therapy and physical activity recommenda-
tions for AN and his family?

The most important dietary change that should be recommended for AN is to control portion sizes,
reduce snacking, and limit calories from beverages, such as soda and orange juice. Specific recom-
mendations could include changing to a bowl of low-sugar cereal (Multigrain Cheerios or Life)
with low-fat milk, and fruit or a slice of toast with peanut butter and jelly and a glass of low-fat
milk for breakfast. AN’s juice intake is contributing over 800 calories per day and should be reduced
to less than 6 ounces (180 mL) per day. Lunch could remain the same, with the substitution of fresh
fruit, carrot sticks, and a Greek-style strawberry/banana yogurt to discourage him from buying
dessert or other snacks. Both parents could send him to school with a bottle of water, which he
can refill during and after school.

AN’s grandmother should be included in these discussions since she is his after-school caregiver.
Because she has type 2 diabetes, she may be receptive to the idea of prevention for her grandson.
Healthy after-school snack suggestions for AN include fruit, low-fat yogurt, low-fat granola bar,
microwave “lite” popcorn, or a frozen fruit bar. Snacks are a normal and important part of a child’s
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diet; however, choices should not be high in calories. Given that AN was eating a full meal as an
afternoon snack, providing guidance regarding an appropriate serving size for a snack would be
important.

Beverage choices are another common problem with overweight children. Efforts should be
made to limit the intake of all sugar containing beverages including juices. Many families feel that
since juices are “natural,” their intake should not be limited. It is not unusual to see a child ingest
500 to 1000 calories a day in juice, soda, and other sugar-sweetened beverages. Eliminating or
significantly limiting juice, soda, and sports drinks, and switching to low-fat milk will likely reduce
weight gain. Dinner meals seem to be the healthiest and could remain the same, except for the
whole milk. In addition to healthy food choices and meals, children and families should be
instructed on proper serving sizes for children for meals and snacks.

AN’s family should provide ample opportunities for him to eat fruits and vegetables and low-fat
dairy products. They should limit the availability of salty snacks and prepared foods as these are
sources of excess sodium intake, which has been linked to blood-pressure elevation and to increased
consumption of sugar-sweetened beverages. His relatively high saturated fat intake may also be
contributing to his blood pressure elevation and would be a secondary goal.

Parents and families should assess and plan opportunities for increased physical activity. Find
activities that the child enjoys (i.e., do not expect a child to regularly use a treadmill). Parents need
to provide an environment where being active several times a week is normal and expected. Parents
should be role models and participate in activities with their children. They should not assume
children are active during school recess as time for physical education has been consistently
decreased and often eliminated from school curricula. Parents should also monitor and set daily
limits for sedentary activities, such as watching TV and playing computer and video games. The
American Academy of Pediatrics suggests screen time be limited to less than 2 hours per day.
According to the Centers for Disease Control and Prevention (CDC), children and adolescents
should engage in at least one hour of physical activity every day. AN’s family should have a concrete
discussion on goals for decreasing screen time and increasing physical activity with methods for
monitoring progress and consequences for non-adherence.

6. What type of behavior modification techniques can be used to help AN and his family
implement these dietary and lifestyle suggestions?

It is important to assess the child’s and family’s psychosocial well-being before initiating a behavior
modification program. For example, if the child is depressed, the depression will probably make
weight management more difficult. In some cases, it may be best to defer the weight management
program until the psychological or psychiatric issues are directly addressed. Similarly, significant
family difficulties, such as a family member with anorexia or a substance abuse problem, should
be identified and addressed. In this case, the potential of emotional issues related to the parent’s
divorce should be considered.

The issues surrounding eating and weight are complex and frequently emotionally charged. As
few families will have the ability to address these issues as a “self-help” program without outside
assistance, it is important to institute a behavior modification program with the guidance of a
behavioral specialist. Little research has directly assessed the efficacy of different behavioral com-
ponents of a weight management program. However, there are several factors that are commonly
included in most weight management programs. These include the following:

Motivation It is important to assess the child’s and family’s motivation to participate in the weight
management program. Experience suggests that in addition to an interested and motivated par-
ticipant, children do better when a parent is also an active and supportive participant in the
program. Using the transtheoretical model and the concept of stages of change to assess a family’s
readiness and to plan an appropriate intervention program should be considered.
