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Preface

The role of nutrition in the well-being of infants and children has expanded
beyond determining the quantities of nutrients needed to prevent classic
deficiency states such as scurvy. Modern nutritional science now seeks to
understand the interaction between nutrition and human physiology at the
level of genetics and molecular biology. In addition, a major direction in nu-
tritional research is to examine how those interactions that occur early in life
affect health and development not only at different periods during infancy
and childhood but also over the life span of the individual. To provide one
example, does the provision of specific nutrients such as long-chain fatty ac-
ids during pregnancy or during early infancy influence cognition, behavior,
and vision of the young infant, and if so, do those benefits persist into later
childhood and even adulthood? We also have come to recognize that nutri-
ents, foods, and eating patterns are not synonymous. What and how infants
and children are fed and eat have many determinants, including those that
are cultural, traditional, behavioral, cognitive, and environmental, and this is
another major current focus of investigation.

Thus, this sixth edition of the Pediatric Nutrition Handbook attempts to
provide the latest information about nutrient metabolism and nutrition to
support normal development and health of infants and children who are
well, those born with congenital anomalies or disorders of metabolism,
and those with acute and chronic illness. It is meant to serve as a useful and
ready reference for practicing clinicians. Within the chapters, every attempt
has been made to provide the reader with additional resources, including
references to printed materials, agencies, and Web sites that may be useful
in practice and for patients to access directly. The chapters on specific nutri-
ents are meant to serve as the basis for subsequent chapters that deal with
specific health conditions. Breastfeeding is discussed early in this book to
emphasize its roles in promoting a healthy infancy and in protecting against
chronic disease, for example, obesity. An entire chapter is dedicated to
cultural implications of feeding children, and other chapters focus on topics
such as how children develop preferences for specific tastes, foods, and meal
patterns; how to best support those with chronic illness; and enteral and
parenteral nutrition support for those who cannot eat.
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From a public health perspective, in all industrialized nations and in-
creasingly in most developing nations, overweight and obesity are among
the most important chronic conditions affecting children today. The
persistent and accumulating adverse effects of excessive body fat during
childhood have been and continue to be documented in well-designed eco-
logic studies. Overweight in childhood is a consequence of the pernicious
effect of environmental influences that encourage eating and the repeated
consumption of high-calorie foods and discourage activity, overlaid on a
genetic background that is designed to conserve or store excess consumed
energy. Thus, the introductory chapter of this edition of the handbook,
“Nutrition, Physical Activity, and Health: An Office-Based Approach,”
speaks to office-based practices that can be directed toward identifying
overweight as well as other nutritional disorders, and other chapters focus
on in-depth discussions of nutrition assessment, obesity, food labeling, and
other issues that affect our understanding and treatment of overweight as
well as other nutritional disorders.

This handbook is the result of the work of more than 70 authors, some of
whom contributed to the previous edition and all of whom are recognized
experts in the topics on which they have written. Several new chapters and
appendices have been added, including chapters on nutrition support of
patients with liver disease and inflammatory bowel disease and appendi-
ces that display and discuss the newest food guide pyramids, now called
MyPyramid. The newly developed growth standards from the World Health
Organization for healthy breastfed infants and young children are also
provided, along with the reference growth charts for infancy through ado-
lescence from the Centers for Disease Control and Prevention. All chapters
have been updated to reflect the latest information available, and summaries
of the current position statements and guidelines of the American Academy
of Pediatrics Committee on Nutrition are included in relevant chapters.
Many thanks go to the members of the Committee on Nutrition, who have
served as the editorial board and have guided and overseen the content of
the handbook under the expert leadership of the chairperson, Frank Greer,
MD. It has been a particular privilege to work with Dr. Greer, whose knowl-
edge, experience, and counsel on all “things nutritional” is unsurpassed.

Ronald E. Kleinman, MD, Editor
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Introduction
Nutrition, Physical Activity, and Health: An Office-Based Approach

Background

For those of us in community practice of pediatrics, this sixth edition of

the American Academy of Pediatrics (AAP) Nutrition Handbook will bring a
much-needed updated resource with which to expand our knowledge and
practical needs to address issues of child “wellness.” Never before have the
needs of children required such focus on nutrition, physical activity, and
establishing a model for lifestyle change to promote healthy habits that

can extend into the adult years. Twenty years ago, the second edition of
the AAP Nutrition Handbook emphasized evaluation of failure to thrive and
included one sentence on exercise. Now, the emphasis is on awareness of
the intervals from the prenatal environment to adolescence that contribute
to possible “programming” of the child for a life of obesity and its comorbid
complications. Although the pendulum has thus swung to concern with
excess energy intake for level of activity and growth, it is critical that health
care professionals remain focused on health and wellness, emphasizing
nutritional health and physical activity for normal growth and development
throughout childhood, independent of body weight.

Studies reported by the Institute of Medicine and the Centers for Disease
Control and Prevention confirm that the prevalence of obesity has nearly
tripled across the spectrum of childhood, from toddler to adolescent.!-3
Most of the developed world has entered the era of affluent malnutrition,
with intakes of energy-rich foods exceeding the intakes of nutrient-rich
foods. Complications of obesity, once rare in childhood, are now encoun-
tered frequently and mandate monitoring. The basic physics of weight gain
are such that when energy or caloric intake exceeds energy use by 3500 keal,
weight gain of 1 pound occurs. An excess of only 100 kcal per day yields
weight gain of 10 pounds a year.

Community physicians must devote increased time for early recognition
of nutritional and activity concerns and early intervention by increasing
parent and family awareness of inadequate or excess weight for height, age,
and activity. A consistent theme of the intervention will be the need for the
family members to be role models and assume a family-based commitment
to a more active lifestyle. Reference will be made to reviews and recom-
mendations from the AAP, the American Heart Association, the American
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Dietetic Association, Bright Futures, the Centers for Disease Control and
Prevention, and the Institute of Medicine.

Documentation of Growth and Body Mass Index

It is imperative that growth data are generated for every child at the time of
physical examinations for preventive health maintenance. Weight, length,
and head circumference are measured and plotted in the first 3 years. For
children younger than 2 years, one can plot the weight for length on the stan-
dard growth chart and confirm whether the percentile is a cause for concern.
For children 2 years and older, the body mass index (BMI) can be determined
and plotted. The BMI is a weight-for-height index determined by dividing
the weight in kg by the height in m?. BMI calculators are readily available and
can be plotted on the reverse side of most growth charts (see Appendix D) as
a percentile for age. The level of weight concern is now defined on the basis
of these percentiles for age. If the BMI is less than the 5% percentile, the child
is underweight; if between the 5% and 85" percentile, the child is of normal
weight; if between the 85% and 95* percentile, the child is considered “at
risk” of being overweight, and if above the 95% percentile for age, the child is
considered overweight. It is acknowledged that BMI is not a perfect measure,
especially if the child is of small or very large frame.

In addition to an elevated BMI percentile, a yearly increase or decrease of
3 units in the BMI is a cause for concern. The waist circumference is the best
measure of central adiposity and best predictor of insulin resistance. Nation-
ally representative reference standards for waist circumference have been
published for children in the United States.* A recent practice-based study
of office evaluation and management of childhood obesity underscored
the slow acceptance of the BMI calculation; among 600 patients, 39.8% of
whom were either at risk of or already overweight, the BMI was calculated
in only 0.5% of charts.?

In 2003, the AAP endorsed routine yearly screening by BMI documen-
tation in children older than 2 years.® In 2005, the Childhood Obesity
Working Group of the US Preventive Services Task Force reminded us that,
despite expert consensus, the evidence to date does not allow recommen-
dations for or against routine BMI screening for the prevention of adult
obesity.” This is not an indictment of screening, but a call to monitor for
complications of screening and to generate the “practice-based evidence”
required to achieve “evidence-based practice.” Overweight and obesity are
discussed in greater depth in Chapter 33.

XXX



PEDIATRIC NUTRITION HANDBOOK

Recognition of the Role of the Intrauterine Environment
Evidence is accumulating that some children are “primed” for long-term
weight concerns and type 2 diabetes early in gestation.” Maternal obesity
and the attendant role of intrauterine overnutrition appear to lead to meta-
bolic adaptations that may extend well into early adulthood and beyond.
Similarly, Barker and colleagues remind us that early gestational maternal
undernutrition leads to small-for-gestational-age neonates with metabolic
adaptations predisposing to overweight and early-onset cardiovascular
disease and diabetes!*!! Thus, children with birth weight less than 5 pounds
or greater than 9 pounds need more careful monitoring for excessive early
weight gain.

Genetic factors, of course, also play a role, with most research addressing
the “survival genes”—those that created a metabolic ability to survive inter-
vals of relative starvation that truly plagued our forefathers. Not surprisingly,
both animal and human studies have demonstrated more than 200 genes
that predispose to energy conservation or obesity and fewer than 5 genes
that predispose to remaining lean. Thus, although the survival gene histori-
cally was a benefit, it is prudent that we limit its effect on our current health
needs.

Risk Assessment

As patients are followed through the pediatric age group, it is essential to
establish a habit of regular review of risk factors in nutrition and physical
activity with the goal of early recognition and early intervention. In 1998,
Barlow and Dietz established evaluation guidelines for children with nu-
tritional concerns.? Assessment of nutritional status is discussed in greater
depth in Chapter 24.

Physical Examination

As noted previously, weight and length up to 2 years of age, and weight
and height beyond 2 years of age, should be measured and documented,
and growth percentiles should be confirmed. BMI should be calculated and
percentile for age should be plotted. Progress, or lack thereof, should be
reviewed with the family and child, keeping in mind that pace of growth is
more important than the percentile. Blood pressure should be documented
in all children 3 years and older. Tanner staging of pubertal status should be
documented and its significance with regard to nutritional demands should
be reviewed.
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Patient History

Gestation, birth weight, and rate of gain since infancy should be docu-
mented. Contributory roles of acute and chronic illness, medications, and
allergies should be documented. The history for underweight children
includes patterns of eating, early satiety, reflux or emesis, specific questions
about stool pattern, discomfort with meals, and their personal weight goals.
The review of systems for overweight children includes glucose intolerance,
orthopedic concerns, features of polycystic ovary syndrome, sleep disorders,
headache, and dramatic shifts in weight.

Family History

Parental weight, height, and risk of or established features of the metabolic
syndrome should be documented. Specifically, predispositions to early
cardiovascular disease, hypertension, dyslipidemia, diabetes, sleep apnea,
gallbladder or fatty liver disease, other endocrine concerns, and eating dis-
orders should be addressed. The parent’s (and grandparent’s) ability to be a
role model for improved nutrition and physical activity should be reviewed.

Nutrition History

Early feeding practices, tolerance and duration of breastfeeding, use of for-
mulas, and timing of introduction of solids should be documented. Current
eating patterns, including meals, snacks, fast food, and beverage choices,
should be reviewed. Servings of fruits, vegetables, salads, fiber, and sources
of calcium, folic acid, and iron as well as the use of vitamins should be
documented. The “habits” of family meals should be reviewed. If concern is
high or the reports are inconsistent, a prospective 3-day diet record should
be requested.

Physical Activity

Family and child opportunities for daily physical activity should be re-
viewed. Factors that limit access, such as safety, lack of commitment from
child care providers, or lack of recess time or physical education classes in
school, should be identified. “Screen-time” with television, personal com-
puters, video games, and hand held games should be documented.

Opportunities for Intervention

The child’s and family’s acceptance of any concern, which is a critical
component to motivate for change, should be documented. Nutritional and
activity options should be addressed, and the child’s and family’s ideas and
preferences should be incorporated while setting reasonable goals. Televi-
sion or “screen-time” should be limited to no more than 2 hours per day
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for all children older than 2 years and should be eliminated for children
younger than 2 years. Judgmental or threatening comments should be
avoided. Health care professionals should appeal to the parent’s recognition
of the long-term complications of being overweight and the child’s need to
avoid peer teasing. Health care professionals should appeal to the child’s
desire for improved appearance, improved exercise tolerance, and improved
social opportunities. Regardless of whether calorie supplements or reduc-
tions in energy intake are advised, close follow-up and encouragement
should be planned to underscore the health care professional’s concern.
Everyone in the child’s environment—{rom siblings to parents to teachers to
physicians—must recognize their potential value as a role model.

Age-Specific Concerns

Although nutritional and activity status and opportunities for intervention
are addressed throughout childhood, there are some issues that are more age
specific. These concerns are presented as follows within the ranges of infancy
and toddlerhood and preschool, primary school, and secondary school ages.

Infancy and Toddlerhood: Birth to 2 Years of Age
Many pediatricians have the first opportunity to discuss a child’s nutri-
tional health at the prenatal visit. Parental concerns and expectations can
be addressed, and the value of breastfeeding can be underscored. Intra-
uterine concerns in regard to fetal health can be identified and discussed as
well. The goal is for the prospective parents to buy into the need for child
wellness.

The value of breastfeeding has been well established and is discussed
in Chapter 2. The AAP recently updated its policy statement “Breastfeed-
ing and the Use of Human Milk."*® The role of the pediatrician in facilitat-
ing proper nursing techniques has also been summarized in an article by
Lawrence . In addition to the well-documented advantages of human milk,
the process of breastfeeding adds the crucial component of the baby’s ability
to self-regulate intake. Although the studies to date are far from conclusive,
there is some demonstrated reduction in risk of childhood obesity with
breastfeeding for greater than 4 to 6 months.'® Breastfeeding is associated
with increased mean triglyceride and low-density lipoprotein concentrations
in infancy but lower concentrations in adulthood!® Furthermore, a recent
study suggests that the more rapid initial weight gain seen in formula-fed
babies, even in the first week of life, may contribute to adult obesity."”
Vitamin D supplementation is now recommended for all breastfed newborns.
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The schedule of formula feedings should be reviewed with an eye to
avoiding overfeeding or use of the bottle as a pacifier. Parents should be
encouraged to feed infants and children when they are hungry, not solely
on a schedule convenient to the parents. It should be confirmed that the
formula is being prepared correctly and that fluoride is available after 6
months of age. After 6 months of age, there is no need for routine feeding
between midnight and 6 am. Cereals and pureed foods should not be intro-
duced until after 4 to 6 months of age, and unless there is a specific need
to thicken liquids, cereals should not be added to bottles. Parents should
be reminded that a baby’s tolerance of initial solids is often based more on
texture than on taste. The early introduction of inappropriate solids should
be discouraged.

The recent Feeding Infants and Toddlers Study (FITS), undertaken in 3000
children by the American Dietetic Association and Gerber, demonstrated
that 4- to 6-month-olds received 10% more calories per day than optimal for
growth, that 7- to 11-month-olds received 23% more calories than optimal
for growth, and that 1- to 2-year-olds received 31% more calories than
optimal for growth.® The subset of study participants who were receiving
benefits under the Special Supplemental Nutrition Program for Women, In-
fants, and Children (WIC) had even higher energy intakes; 7- to 11-month-
olds received 32% more calories per day than optimal for growth, and 1- to
2-year olds received 40% more calories per day than optimal for growth.
Nearly 30% of the infants younger than 4 months were already receiving
solid foods daily. By daily diet reporting at 2 years of age, 30% of children
were not eating any fruit and 20% were not eating any vegetables on a daily
basis ® Not surprisingly, the vegetable that was most commonly consumed
was potato.

By 9 to 11 months of age, the diets of most children begin to resemble
those of their parents, reinforcing the need for the parent to be aware of
their influence even before 1 year of age. By 12 to 15 months of age, chil-
dren ideally should be eating meals with the family. Toddlers should have
3 balanced meals a day and 1 or 2 nutritious snacks. One serving size is
approximately the size of the individual’s fist!*

According to the National Health and Nutrition Examination Survey
(NHANES) III data, extended bottle feeding is a concern. For each month af-
ter 18 months of age that a toddler continues daily bottle use, there is a 3%
increase in risk of having a BMI higher than the 95 percentile by 10 years of
age. In the NHANES, 20% of 2-year-olds and 9% of 3-year-olds still drank
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juice or milk from a bottle daily.?® Counseling families to minimize sugary
juice and to eliminate bottle use by 18 months of age is, thus, encouraged.

Although an increase in BMI percentile is a feature of excessive weight
gain, infants developing failure to thrive may not have as dramatic a decline
in BMI percentile, because reduced weight gain may be associated with
reduced height gain, regardless of whether the infant has maldigestion, ma-
labsorption, or inadequate caloric delivery. When weight gain slows in the
infant or toddler, a careful review of caloric delivery should be conducted,
including questions about use of dilute formulas or fat-free dairy products,
excessive juice intake, and inappropriate early introduction of low—caloric-
density solids, and there should be a discussion about opportunities to
increase calorie and nutrient delivery. Caregivers are encouraged to provide a
3- to 5-day dietary intake record for review by the pediatrician or consulting
dietitian. Before embarking on an expensive, if not invasive, evaluation, a
trial of increased caloric delivery can be attempted by enriching the diet with
more calorie-dense nutrients while documenting stool frequency, addressing
chronic disease issues, and addressing relevant psychosocial issues for the
family. See Chapter 26 for a more extensive review of inadequate growth.

In infancy, physical activity is encouraged to promote developmental
milestones, such as reaching, transferring, rolling, sitting, creeping, crawling,
walking, climbing, and running. Parents are encouraged to allow their in-
fants “tummy time” for several minutes, several times a day. Parents should
be reminded of the need to create a safe area for unstructured play on the
floor several times a day. From 1 to 3 years of age, parents should seek
more than 30 minutes of structured play and more than 60 minutes of free,
unstructured play for their children every day. Safe outdoor play, free from
the constraints of strollers, is also encouraged once ambulation is achieved.
Unfortunately, recent surveys demonstrate that 75% of 3-year-olds and 39%
of 4-year-olds are predominately confined to strollers when outdoors, even
at parks. Table 1.1 summarizes the nutritional and activity goals for infants
and toddlers.

Preschool: 2 to 5 Years of Age

During the preschool years, the adiposity of children generally declines with
a decline in BMI as the child’s length increases and fat cell size declines. A
nadir is reached between 4 and 6 years, which is followed by the “adiposity
rebound” of the BMI, which increases linearly to puberty. Evidence suggests
that children who enter the rebound earlier or have a higher BMI at 4 to 6
years of age as they enter the rebound are at greater risk of adult obesity
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and glucose intolerance.?* The Healthy Start Preschool Study suggests that
children should gain 1.0 kg of weight per linear increase of 2 cm from 3 to
5 years of age. A weight gain of 1.8 kg per linear increase of 2 cm predicted
overweight at elementary school.?2 For children younger than 3 years, the
best predictor of adult obesity is parent weight; for children between 3 and
9 years of age, the predictor is combined child and parent weight; and for
children older than 9 years, the child’s degree of obesity is the best predic-
tor.2 The preschool years, thus, appear to be important in potentially deter-
mining nutritional status in later childhood, if not into adulthood.

Table I.1
Nutrition and Physical Activity in Infants and Toddlers: Guidelines for Parents

Nutrition Goals

Encourage and support breastfeeding through the first year.

Feed the child when hungry, not solely by habits of schedules.

Defer introduction of solid foods until after 4 to 6 months of age.

Monitor for inadequate or excessive weight gain closely.

Expect to offer new foods repeatedly before child accepts the food.

Minimize juice and other sugar-based beverages.

Eat meals as a family; be a good role model.
Activity Goals
Create a safe space for unstructured play.

In infancy, gear activity to developmental progress.

Encourage “tummy time” several times a day until baby can crawl.

Encourage creeping, crawling, and safe crawling up and down stairs.

Use a stroller for safe transportation, but encourage free play when ambulatory.

From 1 to 3 years, seek more than 30 minutes of structured play and more than 60 minutes of
free, unstructured play daily.

Parents typically describe frustration in achieving a healthy diet for the
preschool-aged child. This tends to be an age group prone to excess sugary
foods, limited interest in acceptance of new foods, and sensitivity to portion
size. Twenty years ago, Birch and associates demonstrated that preschoolers
could self-regulate their own intake.?* Children should not be encouraged to
“clean the plate.” Two- and 3-year-olds will not increase intake when given
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larger portion sizes, but children older than 4 years will increase their intake
by more than 30% when offered larger portions.* The consensus is, thus,
that parents should decide when and what to eat, and children should de-
cide how much and whether to eat. New nutritious foods should be offered
on the plate next to accepted food and, on average, will need to be offered 8
to 10 times before they are accepted. Most parents give up after 3 to 4 refus-
als, so patience is critical. Parents should be encouraged to offer nutrient-
dense foods rather than energy-dense foods, using low-fat or nonfat dairy in
place of whole milk (which should be used up to 2 years of age).*

Parents should be reminded that food should not be used as a reward or
punishment for behavior and that “low-fat” food is often not low in calories.
Preschool-aged children can help with shopping for appropriate foods and
assist in food preparation at meals. They should have 3 nutritious meals
and 2 nutritious snacks a day. Meals should be a family event, and routinely
feeding the child first should be discouraged. Physicians should be sensi-
tive to ethnic and cultural issues with regard to diet, appropriate activity,
and sense of wellness. On the other hand, it is imperative that parents and
grandparents accept the reality that a “chubby” child is not the accepted
goal.

The role of physical activity in weight control is underscored by the
observation that obesity risk in preschoolers and beyond is reduced 10% by
every hour of moderate to vigorous activity daily. Regrettably, the average
preschool child spends 75% of his or her waking hours inactive and only
12 minutes a day in vigorous activity. Even on the playground, preschool
children devote only 11% of their time engaging in vigorous play.

For children 3 to 6 years of age, the best predictors of increased BMI are
baseline BMI (at the nadir of the adiposity rebound), decreased physical ac-
tivity, and increased television viewing.”” The AAP recommends that “screen
time,” including television, personal computers, and video games, be limited
to 2 hours or less a day for children older than 2 years. Televisions should
not be placed in children’s bedrooms. Moderate to vigorous activity is en-
couraged for at least 1 hour per day. An ideal goal in preschool programs is
10 minutes of active play per hour in school. Families should be encouraged
to exercise together, go for walks, limit use of strollers, use safe outdoor play
areas, and become community advocates for increased opportunities for all.
The recommendations for nutritional awareness and physical activity for
preschool-aged children are summarized in Table 1.2.
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Table I.2
Nutrition and Physical Activity in the Preschool-Aged Child: Guidelines for Parents

Nutrition Goals

Choose meal time and content.

Let child self-regulate amount of intake; do not demand a clean plate.

Avoid juices, sugary snacks, and high-fat foods.

Do not use food as a reward or punishment.

Offer new foods 6 to 10 times to expect acceptance.

Avoid large portion sizes; be a role model.

Activity Goals

Create or find a safe area for unstructured play daily.

Seek 1 hour or more of vigarous play daily.

Encourage child care providers to offer 10 minutes of active play per hour.

Reduce television and other screen time to less than 2 hours a day, and avoid television in
bedroom.

Limit use of strollers to encourage spontaneous walking, running, and playing.

Establish regular family exercise; be a role model.

Primary School: 5 to 11 Years of Age

The highest rate of increase in obesity from 1980 to 2000 occurred in the
age group from 6 to 11 years of age, from 4% with a BMI percentile above
the 95 percentile to 15%.! This is attributed to many factors, including in-
creased consumption of fast food and super-sized meals, more screen time,
less daily exercise, working parents too tired for family exercise, reduction
of safe play areas in urban settings, reduced physical education and recess at
schools, and increased academic demands. All undoubtedly play a variable
role in each child and family. In the prepubertal years, the child gains an
average of 7 pounds and grows 2.5 inches per year. The adiposity rebound
underscores the steady increase in both the size and number of fat cells that
extends into puberty.

The period from 5 to 11 years of age is commonly when many children
first begin to eat and snack in the absence of parent supervision. Most
primary school-aged children do not eat a nutritious breakfast and get more
than 30% of calories from snacks readily available at home, at friends’
houses, at after-school care programs, or from neighborhood fast food
resources. With multiple caregivers involved, most parents have little idea of
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their child’s actual daily intake. Multiple after-school programs and family
obligations often limit family meals at home.

In September 2005, the US Department of Agriculture released MyPyra-
mid for Kids (see Appendix K), an interactive Web-based program designed
to improve nutritional and activity awareness targeting 6- to 11-year-olds.
The Web site (www.mypyramid.gov/kids) is based on the 2005 Dietary
Guidelines for Americans and addresses food choices, portion sizes, and dai-
ly physical activity guidelines.”® It includes a 2-sided parent handout called
“Tips for Families,” which has nutritional information on one side and physi-
cal activity tips on the other. Lesson plans for teachers are also available.
Updated dietary recommendations for childhood, with an eye to prevention
of the comorbidities of developing overweight in childhood, were published
by the American Heart Association and endorsed by the AAP2

During the annual physical examination or other opportunity, ques-
tions in regard to nutrition should focus on meal content and acceptance,
frequency of fast food meals, volumes of daily juices and sodas, choices at
school breakfast and lunch, and willingness to increase use of vegetables
and fruits. By 1990, 1 in every 3 meals eaten by school-aged children was
fast food—twice the number in the 1950s. On days when fast foods are
consumed, the child’s caloric intake is 175 calories higher. This alone would
contribute to an excess weight gain of more than 6 pounds in a year. One
additional 12-ounce can of high-calorie soda per day is related to a 60%
increased risk of BMI higher than the 95% percentile.?”

Chewable vitamins with iron can be incorporated as an “insurance” op-
tion. For children older than 9 years, it is recommended to increase calcium
intake to 1300 mg per day, a level usually requiring supplementation.
Parents should be encouraged to include children at this age to join them
when shopping for food, discussing relative nutritional value of different
food options, and helping in food preparation for a family meal. As always,
parents and other caregivers need to be reminded of the importance of being
a role model in food choice and portion size. Parents need to be particularly
aware of problems that can develop if they keep a less-than-secret “stash” of
their preferred snacks—doing so not only sends the wrong message but also
increases the appeal of the “forbidden” food to the observant child.

The role of physical activity remains paramount for the health and well-
ness of primary school-aged children. On average, an elementary school-
aged child spends 75% of his or her waking hours inactive. The average
5- to 12-year-old spends 6 hours per day watching television, sitting at a
computer, or playing video games. For every hour they spend on screen
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time per day, they increase their risk of obesity by up to 10%. Television
programming aimed at elementary school-aged children now includes

40 000 ads per year, produced at a cost of $13 billion dollars per year, up
100% since the 1970s, with 70% devoted to food. Not surprisingly, 70% of
children 6 to 8 years of age respond that fast food is healthier than home-
prepared meals.

Although weekly sports programs, especially for girls, have increased,
daily exercise has dramatically decreased. In 1969, nearly 80% of children
played sports daily; now only 20% do. Only 17% of primary school-aged
students walk to school, including only 30% of those who live within 1
mile. Less than 10% of American elementary schools have daily physi-
cal education class. Furthermore, in the average physical education class,
the child is aerobically active for only 3 minutes. With the justification of
needing more academic class time, many elementary schools have cancelled
or reduced recess. Between 1977 and 1997, there was a 40% reduction in
walking and bicycling by preadolescents. Table 1.3 summarizes the major
nutritional and physical activity issues during the primary school years.

Table 1.3
Nutrition and Physical Activity in the Elementary School-Aged Child:
Guidelines for Parents

Nutrition Goals

Prepare and eat regular meals as a family; be a role model.

Seek b-a-day intake of fruits and vegetables.

Reduce fast food meals, avoiding super-sized portions.

Increase daily intake of whole grains and fiber.

Use reduced-fat dairy products to help meet calcium needs.

Discuss school breakfast and lunch options and nutritious snacks.

Physical Activity

Seek 1 hour of moderate to vigorous activity daily.

Reduce “screen time” to less than 2 hours a day.

Encourage after-school and weekend physical activity and bike riding.

Advocate for safe parks and school physical education and recess time.

Encourage family physical activity on a regular basis; be a role model.

Plan active parties for birthdays, play dates, and casual get-togethers.
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Secondary School: 12 to 18 Years of Age

Adolescence is a particularly difficult interval with the increased nutritional
demands of puberty, psychosocial drives for independence, and a reduction
in physical activity for most teenagers. Not surprisingly, the gamut of con-
cerns ranges from primary eating disorders of anorexia, bulimia, and binge
eating; to increased awareness of sports-performance nutrition; to obesity-
related health complications rarely seen by past generations of pediatricians.
BMY], of course, is sensitive to simultaneous rapid weight gain and height
acceleration. For example, a teenager can gain 15 pounds in a year with a
4-inch height gain and the BMI will not change.

As primary health care professionals, pediatricians often have the benefit
of a several-year rapport with adolescent patients. Pediatricians can draw
on this mutual respect to develop a plan of evaluation and management
for any nutritional concerns. Teenagers should be asked privately how they
feel about their weight, their level of physical activity, status of puberty
(confirmed by Tanner staging on examination), and social pressures to eat
more or less. Actual intakes, including meals, lunches, beverages, snacks,
purchases from school vending machines, after-school fast food (“chicken
boxes”), and vitamins and minerals such as calcium, iron, and folic acid
should be documented. The average teenager now drinks 850 cans of soda
per year—double the volume of the 1970s. The average size of a soda at the
movies has increased from 6.5 oz in 1970 to 20 oz now. It requires 2.5 miles
of walking to burn off the calories from that drink.

The primary eating disorders are discussed in Chapter 38. If suspicious,
ask direct questions and inquire about menstrual regularity, cold intolerance,
constipation, early satiety, dry skin, fatigue, compulsive exercise, emesis,
laxative use, purging, binge eating, palpitations, and syncopal episodes.
Teenagers with increasing BMI percentiles should give complete nutritional
histories outlined previously as well as a daily and weekly review of physi-
cal activity. Health care professionals should be alert for features of depres-
sion or loss of self-esteem.

Typically, girls between 9 and 19 years of age have an 83% reduction in
regular physical activity. Remind teenagers that for every hour per day of
moderate exercise, they reduce their risk of obesity by 10%. For every daily
half-mile walked (even at the mall), the risk of obesity is reduced by 5%.
Regrettably, only 65% of teenagers engage in any vigorous physical activ-
ity more than 3 days a week. Television viewing and video games remain a
major concern in adolescence. By 17 years of age, the average child spends
38% more time watching television than in school, averaging more than 20
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hours per week of screen time. Reducing screen time alone does not re-
duce obesity; increased physical activity is required. Adolescents should be
encouraged to include a component of physical activity in their parties and
social events by going swimming, bowling, or dancing or playing sports.
By 12% grade, fewer than one third of students participate in daily physical
education programs, and after-school athletic programs are limited to elite
athletes. The general advice for nutrition and physical activity for adoles-
cents is noted in Table 4.

Table 1.4
Nutrition and Physical Activity for Secondary School-Aged Children:
Guidelines for Parents

Nutrition Goals

Prepare and eat meals as a family; be a role model.

Encourage a daily, healthy breakfast as part of 3 balanced meals a day.

Discourage calorie-dense snacks, high-sugar sodas, and candy.

Avoid having “stash” of unhealthy snack foods in the home.

Encourage 5-a-day intake of fruits and vegetables as well as good sources of whole grains
and fiber.

Use a vitamin supplement for iron and folic acid, and confirm calcium intake.

Physical Activity

Encourage at least 1 hour of moderate to vigorous physical activity daily.

Limit “screen time" to less than 2 hours a day.

Avoid having a television in the bedroom.

Encourage individual sports, such as tennis, biking, hiking, and swimming.

Encourage active parties and social events by incorporating dancing, bowling, swimming, etc.

Be a community activist to increase safe opportunities for all to exercise.

Eliciting nutritional information from competitive adolescent athletes
is also critical. Many have distorted ideas as to ideal weights and diets for
performance. In December 2005, the AAP published a policy statement
on healthy weight control practices in young athletes.®* Most adolescent
athletes will do fine on a normal, healthy diet with 60% to 70% of calories
from carbohydrates with an emphasis on low— and moderate—glycemic-
index complex starches, with higher-energy, high-glycemic-index beverages
and food primarily reserved for endurance-demanding exercise. Twenty per-
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cent to 30% of calories should come from fat, primarily unsaturated; slightly
more fat is acceptable for prolonged low-intensity competition. Protein con-
tributes 5% to 10% of the energy used in prolonged activity. Most athletes
require approximately 1.2 g of high-quality protein per kg of body weight
daily, increasing to 1.8 g for prolonged, heavy-resistance exercise.® When
weight training is used to add muscle, to gain 1 pound of muscle in 1 week
requires intakes of 2000 to 2500 kcal more than one expends, consumption
of 1.5 to 1.75 g of protein per kg per day, and a strength-training program.
Muscle hypertrophy is best achieved with a high number of repetitions per
set. Weight gain should not exceed more than 1.5% of body weight per
week during such training.*

Many athletes focus on their percentage of body fat as a specific sport-
specific goal. In reality, no specific body composition goals have ever been
confirmed. The normal body fat of the “reference adolescent” ranges from
12.7% to 17.2% for males and 21.5% to 25.4% for females.** Low body fat
is considered 10% to 13% for males and 17% to 20% for females. Very low
body fatis 7% to 10% for males and 14% to 17% for females.*

For most athletes, adequate hydration during performance is a bigger is-
sue than meal content. Fluid intake normally is 1 qt per 1000 kcal eaten. For
exercise lasting an hour or less, 4 to 6 0z of cool water every 15 to 20 min-
utes will generally meet hydration needs. For longer activity, hydration with
carbohydrate-electrolyte sports drinks is appropriate. All adolescent athletes
should be asked about their exposure to and understanding of the limited
value of and significant risk with performance enhancing drugs.*

Salt depletion with exercise is increasingly frequent as a result of both
increased sweat losses and low salt intakes in health-conscious diets. The
clinical presentation is early fatigue during endurance performances, vasova-
gal syncopal episodes with extended standing, and orthostatic hypotension
on physical examination. Salt repletion with sports beverages or salt tablets
will usually suffice.

Monitoring for Complications of Nutritional Concerns

When there are concerns regarding underweight or overweight, histori-

cal data must be obtained, the physical examination must be directed at
areas of concern, and laboratory monitoring must be initiated. The need for
accurate weight and height measurements, waist circumference (as a risk
factor for insulin resistance), and determination of BMI percentile has been
emphasized repeatedly. Determining Tanner stage to correlate with pubertal
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demands is important, as is accurate blood pressure measurement with the
proper cuff size.

In 2008, the AAP published a policy statement on identifying and treating
eating disorders® that outlined the need to document physical findings, such
as bradycardia, edema, atrophic breasts, emaciation, dry skin, oral ulcers and
dental enamel erosions, and calluses on knuckles from self-induced emesis.
Laboratory screening could include a complete blood cell count; sedimenta-
tion rate; chemistry panel, including electrolytes, amylase, lipase, thyroid
profile, follicle-stimulating hormone, luteinizing hormone, prolactin, and
human chorionic gonadotropin; stool test for blood; and urinalysis. An elec-
trocardiogram is required if any electrolyte changes, bradycardia, or history
of syncope is noted.

The medical consequences of obesity, once limited to adults, are now
increasingly encountered in adolescents and occasionally even in preadoles-
cents. Screening for obesity-related problems, mostly by laboratory testing,
has been proposed, but results have been inconsistent and cost effectiveness
has been limited thus far.?*®® In adults, a number of health concerns consti-
tute the “metabolic syndrome,” including hyperinsulinemia, obesity, hyper-
tension, and hyperlipidemia.?? Recent studies confirm that more than 30%
of overweight adolescents already have 2 or more features of the metabolic
syndrome.

Endocrine concerns lead the list of acute comorbid disease associated
with overweight and obesity. Insulin resistance progressing to type 2 diabe-
tes is the first concern. The American Diabetes Association has recommend-
ed fasting glucose testing for all children older than 10 years with BMI at or
higher than the 85% percentile with 2 of the following risk factors: a family
history of type 2 diabetes in first- or second-degree relatives, nonwhite race,
and conditions associated with insulin resistance, such as acanthosis nigri-
cans, hypertension, dyslipidemia, or polycystic ovary syndrome.* A num-
ber of other guidelines are under revision, including proposals to document
fasting insulin and/or hemoglobin A1C in all adolescents with BMI higher
than the 85% percentile. Certainly, any child in a treatment program needs to
have baseline insulin concentrations documented. Early-intervention drug
trials, mostly with metformin, are now underway. Other endocrine concerns
include increased frequency of polycystic ovary syndrome (attributed to
hyperinsulinemia and hyperandrogenemia), early puberty, and an acute hy-
perglycemic, hyperosmolar syndrome with emesis, dizziness, and weakness
that can progress to coma.
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Cardiovascular concerns, both acute and long-term, are also increas-
ing.??? Hypertension, generally defined as a systolic or diastolic pressure
higher than the 95 percentile for age, is now reported in more than 10%
of overweight adolescents. Most guidelines include a fasting lipid profile to
check for elevated triglyceride, elevated low-density lipoprotein, and low
high-density lipoprotein concentrations. Overweight adolescents are also at
risk of pulmonary embolism, with contributory factors such as hypoventila-
tion, sleep apnea, and reduced activity.

An acute left ventricular dysfunction, even in the absence of hyperten-
sion, has also been seen and attributed to increased blood volume and
increased metabolic activity in the excess adipose tissue. Stress tests are
advised for adolescents with a BMI greater than 40.

Hypoventilation and sleep apnea are the major respiratory complications
of childhood obesity. If suspected, an overnight sleep study will usually
clarify the child’s ventilatory status. Sleep disruption can also be a feature of
the increased gastroesophageal reflux typical in overweight children.

Increased hepatic fat storage in association with overweight is termed
nonalcoholic fatty liver disease (NAFLD), and steatosis with inflammation
has been labeled nonalcoholic steatohepatitis. Once felt to be relatively
benign, if not reversible, it is now recognized that NAFLD may progress to
hepatic fibrosis and cirrhosis.*” Regular liver enzyme determinations, includ-
ing aspartate transaminase, alanine transaminase, and gamma-glutamyl
transpeptidase concentrations, as well as ultrasonography of the liver, aid in
monitoring for NAFLD.

Orthopedic complications of overweight and obesity include slipped cap-
ital femoral epiphysis, mostly in males, and Blount disease, an overgrowth
of the medial proximal tibial metaphysis. Because of weight dynamics with
exercise, overuse injuries, in the context of relatively minimal and infrequent
use, are also common.

The psychosocial ramifications of being overweight, in children of all
ages, are not insignificant. Low self-esteem and depression are most com-
mon. Overweight children are more likely to develop bullying behavior
while also being more likely to be the victims of bullying. Recent studies
also report reduced school performance.

As primary health care professionals, we must maintain a low threshold
for documenting these concerns. Early referral for intervention to minimize
or reverse comorbidities is the goal.
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Treatment Programs

The emphasis of this chapter has been on early recognition with the goal of
early intervention to prevent the complications of failure to thrive, weight
loss, or excessive weight gain. The specific treatment approaches are sum-
marized in other chapters: Chapter 26 for failure to thrive, Chapter 38

for primary eating disorders, and Chapter 33 for overweight and obesity.
Several excellent reviews in 2005 by Daniels and colleagues along with

the American Heart Association,?! Dietz and Robinson,* and Schuster and
Brill®® addressed the multifaceted treatment options for obesity.

References for this chapter have been drawn from the published litera-
ture; however, there are a large number of Web sites with excellent informa-
tion for patients, parents, and physicians. Many of these sites are listed in
Table 1.5. Food exchange lists are provided in Appendix A, and a table for
converting conventional units to Systéme International (SI) Units is available
in Appendix B.

Table I.5
Web-Based Educational Material for Physicians and Families

American Academy of Pediatrics
Www.aap.org/topics.html
www.aap.org/parents.html

American Dietetic Association
www.eatright.org

American Heart Association
www.americanheart.org

Bright Futures in Practice: Nutrition and Physical Activity
http://brightfutures.aap.org/web

Centers for Disease Control and Prevention
Healthy Schools, Healthy Youth: www.cdc.gov/HealthyYouth
Project VERB: www.cdc.gov/youthcampaign/ and www.verbnow.com

President’s Council on Physical Fitness and Sports
www.fitness.gov and www.presidentschallenge.org

Shape Up America
www.shapeup.org

US Department of Agriculture
Food and Nutrition Information Center: www.nal.usda.gov/fnic
Healthy School Meals: http://www.fns.usda.gov/cnd/
Eat Smart, Play Hard: www.fns.usda.gov/eatsmartplayhard/
MyPyramid: www.mypyramid.gov
2005 Dietary Guidelines: www.healthierus.gov/dietaryguidelines

National Diabetes Education Program, Tip Sheets for Kids for obesity prevention
www.ndep.nih.gov
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Infant Nutrition and Development of
Gastrointestinal Function

Development of Gastrointestinal Function

The design of the gastrointestinal tract allows for the assimilation of envi-
ronmental nutrients for the purposes of growth, maintenance, and reproduc-
tion. The gut has an incredibly intricate physiological and mechanical design
with a large, yet limited, capacity for nutrient assimilation.! The absorptive
capacity of the gut is a function of multiple variables, including surface area,
digestion, facilitative and active transport, motility, perfusion, microflora,
and metabolism. Ultimately, capacity of the gut is designed to assimilate

the dietary load to meet energy requirements for growth and metabolism.?
Study of the development of gastrointestinal function has revealed strong
evolutionary concepts and critical adaptations for the purposes served.?

Development of the Gastrointestinal Tract
The embryonic period is the time of organogenesis for the gastrointestinal
tract. Development begins in the third week of gestation with gastrulation,
the process that establishes the 3 germ layers—ectoderm, mesoderm, and
endoderm. The mammalian digestive tract begins to form soon after the
embryo begins to undergo cephalocaudal and lateral folding, resulting in the
incorporation of a portion of the endoderm-lined yolk sac cavity into the
embryo. This forms the primitive gut, which is differentiated into 3 parts:
foregut, midgut, and hindgut.* Throughout embryogenesis, the gut lumen
seals and recanalizes several times for the purpose of elongation. Most of
the gut and visceral organs are derived from the endodermal cell layer; how-
ever, the interaction of ectodermal and mesodermal tissues is crucial, and
several structures contain a mixture of primordial cells.

The lining of the digestive tube and its glands are generated by endodermal
cells.® Endodermal cells also derive the parenchyma of the liver, gallblad-
der, and pancreas, and mesodermal tissue surrounds the tube and forms the
smooth muscle necessary for intestinal peristalsis. Regional patterning sets
the stage for the differential development of primary organs. Anterior (cranial)
and posterior (caudal) patterning of the gut tube occurs through the expres-
sion of several genes (eg, sonic hedgehog) that regulate gut development.5” As
primary organs emerge, endodermal and mesodermal layers coordinate their
differentiation via direct signaling between adjacent tissues and cells.®
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The foregut differentiates into the pharynx, esophagus, and stomach, up
to the second part of the duodenum, and gives rise to the liver and pancreas.
Organs of the foregut ingest food and initiate digestion. The midgut is large-
ly responsible for nutrient absorption and gives rise to the structures from
the third part of the duodenum to the first two thirds of the large intestine.
The hindgut gives rise to the structures from the remaining large intestine
through to the rectum and is responsible for the resorption of water and
ions as well as fermentation and expulsion of digestive waste.

The glandular epithelium of the liver and the biliary drainage system,
including the gallbladder, are formed from the hepatic diverticulum, a tube
of endoderm that extends out from the foregut into the surrounding mes-
enchyme. The pancreas develops from the fusion of 2 distinct dorsal and
ventral diverticula, both derived of endodermal cells immediately caudal to
the stomach. Portions of the gut tube and its derivatives are designated intra-
peritoneal if they are suspended from the dorsal and ventral body wall by a
double layer of peritoneum that enclose and connect them to the body wall.
Organs and portions of the intestinal tube that lie up against the posterior
body-wall, covered by peritoneum on their anterior surface only, are called
retroperitoneal. Most of the gut lies intraperitoneally and is free floating,
exceptions being the majority of the duodenum and parts of the colon. The
duodenum turns and exits into the retroperitoneal space just past the bulb
and re-enters the peritoneum at the location of its fixation to the left crus of
the diaphragm by the ligament of Treitz, which also marks the beginning
of the jejunum. In most individuals, the left colon and right colon also lay
retroperitoneally.®

Developmental Disorders

Several well-known complications of embryogenesis constitute a significant
portion of the developmental abnormalities seen in neonates and infants.’?
Esophageal abnormalities include esophageal atresia, stenosis, and tra-
cheoesophageal fistula. Esophageal stenosis can be the result of a vascular
abnormality. Stomach malformations include duplication and prepyloric
septum. Duodenal atresia and stenosis are usually the result of incomplete
recanalization of the intestinal lumen. Midgut atresias are often caused by a
vascular accident secondary to intestinal malrotation. Normally, the pri-
mary intestinal loop rotates 270° counterclockwise during embryogenesis.
Failure of the gut to rotate fully, or its reverse rotation, results in malrotation
and predisposes the child to abnormal movement of the gut and volvulus.
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Gastroschisis (ie, the herniation of abdominal contents through the body
wall directly into the amniotic cavity) and omphalocele (ie, the herniation
of abdominal contents through an enlarged umbilical ring) can also result in
loss of viable intestines, leading to short gut syndrome. Rectoanal atresias
and congenital fistulas are caused by abnormalities in formation of the
cloaca and ectopic positioning of the anal opening. Imperforate anus occurs
because of improper recanalization of the lower portion of the anal canal.
Hirschsprung disease is caused by the absence of parasympathetic ganglia in
the bowel wall. These ganglia are neural crest derived and normally migrate
from the neural folds down to the wall of the bowel?

Variation in liver architecture and lobulation is most often asymptomatic.
Extrahepatic ducts can fail to recanalize, resulting in extrahepatic biliary
atresia. Intrahepatic biliary duct hypoplasia may be caused by fetal infec-
tions (eg, cytomegalovirus) and usually represents a more benign condition.
Pancreatic abnormalities are relatively common, are often asymptomatic,
and are usually the result of poor migration of the pancreatic buds. The lack
of fusion of the 2 pancreatic ducts is called pancreatic divisum and is an
important differential diagnosis for pancreatitis in children. The most serious
malformation is when the duodenum is surrounded by an annular pancreas.
This can constrict the duodenum and present with intestinal obstructive
symptoms.

Development of the Intestinal Epithelium
The rapid epithelial cell turnover of the gastrointestinal tract continues
throughout life. This process is maintained and regulated by a population
of stem cells, which give rise to both absorptive and secretory epithelial
cell lineages ! These cells form a clonal population called a “niche” toward
the base of crypts, and their activity is regulated by paracrine secretion of
growth factors and cytokines from surrounding mesenchymal cells. Stem
cell division is usually asymmetric, with the identical daughter cell becom-
ing a committed progenitor cell and retaining the ability to continue dividing
until terminally differentiating. Symmetric division may result in either 2
daughter cells, with loss of stem cell function, or formation of 2 stem cells
and eventual clone dominance. The apparent stochastic extinction of some
stem cell lines with eventual dominance of a single cell line is called “niche
succession.”*?

The cells of the epithelium become increasingly differentiated along the
crypt-villus axis, undergo spontaneous apoptosis within 4 to 5 days, and are
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shed into the lumen, where they are digested and phagocytosed.!® Four main
epithelial cell lineages are derived from this process: columnar cells are the
most abundant and are specialized for absorption by the presence of apical
microvilli; goblet cells are named for their swollen shape, a consequence of
mucin granule production; neuroendocrine or enteroendocrine cells se-
crete peptide hormones in an endocrine and paracrine fashion, influencing
gastrointestinal function in a variety of ways; and Paneth cells are large cells
that migrate down to the crypt base, where they express and secrete several
proteins including lysozyme, tumor necrosis factor-alpha, and antibacterial
defensins, all of which help keep the crypt sterile.!*! M (membranous or
microfold) cells are a fifth type of epithelial cell found near Peyer patches
and are involved in antigen transportation.!®

The lamina propria forms the basement membrane, providing a sup-
porting network for the epithelium and regulating epithelial cell function.
It contains numerous kinds of cells, including fibroblasts, myofibroblasts,
fibrocytes, vascular endothelial, and smooth muscle cells, and various blood
lineages. Some of these cells secrete growth factors, such as transform-
ing growth factor beta-2, essential for epithelial cell differentiation and
proliferation.””

Infant Nutrient Assimilation

The neonatal gut has several major functions. It is obviously an organ of
nutrition, with digestive, absorptive, secretory, and motile functions adapted
to a milk diet. However, the neonatal gut is also part of the immune sys-
tem, containing both humoral and cellular elements of the gut-associated
lymphoid tissue. The neonatal gut is a large and diffuse endocrine organ
that secretes locally acting gut hormones and paracrine factors, which help
regulate intestinal and metabolic adaptation to extrauterine life !® It plays

a role in water conservation and electrolyte homeostasis and maintains a
symbiotic relationship with a microbial flora, which assists in the digestion
and absorption of certain nutrients. The intestinal microbiota also plays a
vital role in health and disease.”

The neonatal intestine replaces the role of the placenta quite abruptly at
birth, with most intestinal nutrient transport mechanisms intact well before
birth. The neonatal intestine is uniquely capable of absorbing intact macro-
molecules via endocytosis, a process by which various maternal growth fac-
tors imperative for intestinal development are transported.?*?! Yet, the over-
all absorptive and digestive capacity of the gut is impaired in the neonatal
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period, and early infant growth requires a special nutrient environment.??
The degree to which alterations in digestive and absorptive capacity seen
during and after infancy are genetically determined has yet to be established.
For example, although the decrease in lactase activity seen with weaning oc-
curs despite an ongoing lactose load, the up-regulation of fructose transport-
ers in response to increased fructose consumption is altered by load.?® Thus,
we see evidence of both genetic preprogramming and an adaptation mecha-
nism responsive to nutrient load.

Dietary Fats

Fat, or lipid, is defined as a class of compounds insoluble in water but sol-
uble in organic solvents, such as alcohol. Lipids contain carbon, hydrogen,
and oxygen but have far less oxygen, proportionally, than do carbohydrates.
Lipids vary considerably in size and polarity, ranging from hydrophobic
triglycerides and sterol esters to the more water-soluble phospholipids and
cardiolipins. Dietary lipids also include cholesterol and phytosterols. These
compounds are distinguished from other dietary macronutrients in that they
must undergo specialized processing during digestion, absorption, transport,
storage, and utilization.?*

Triglycerides make up the largest proportion of dietary lipids. Triglycer-
ides are composed of 3 fatty acids esterified onto a glycerol molecule. These
fatty acids are generally nonbranched and have an even number of carbons,
from 4 to 26, although very long-chain fatty acids are found in the brain and
specialized tissue, such as the retina and spermatozoa.?® Double bonds are
identified relative to the methyl end by the designation “n” or “” to indicate
the distance from the first bond. For example, -6 indicates that the initial
double bond is situated between the sixth and seventh carbon atom from
the methyl group end. Because the biosynthetic process can only insert dou-
ble bonds at the »-9 position or higher, essential fatty acids are considered
those with double bonds at the w-6 and w-3 positions. Most food contains
double bonds in the cis configuration, while bonds that are trans result from
hydrogenation, an industrial process used to increase the viscosity of oils.
Trans fatty acids have reduced internal rotation, which makes them more
resistant to electrophilic additions, such as hydration, and increases their
melting point. Trans fatty acids may contribute to development of heart
disease and atherosclerosis.?

Phospholipids are distinct from triglycerides in that they contain polar
head groups that makes them amphipathic and, therefore, capable of
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forming micelles in water. They include glycerol, choline, serine, inositol,
and ethanolamine. Sterols, such as cholesterol, are also amphipathic mol-
ecules made up of a steroid nucleus and a branched hydrocarbon tail. Al-
though cholesterol is found only in food of animal origin, plants do contain
phytosterols, which are chemically related to cholesterol.

Fat Digestion

Digestion of dietary fat requires a series of processes that enable absorption
through the water-soluble epithelium of the gut. Digestion begins in the oral
cavity as salivation, mastication, and lingual lipase begin to release largely
short-chain fatty acids from triglycerides. Lingual lipase is produced by von
Ebner serous glands located on the proximal, dorsal tongue,” and gastric
lipase is produced by stomach chief cells.”® Both lipases have been shown
to remain largely active in the gastric milieu.? Both lingual and gastric (ie,
preduodenal) lipases preferentially hydrolyze short-chain fatty acids and
medium-chain triglycerides, which can be absorbed directly from the stom-
ach.*32 Thus, monoglycerides are poorly hydrolyzed in the stomach, and
the release of long-chain fatty acids and very long-chain fatty acids requires
the presence of bile and pancreatic lipases.

Pancreatic lipase requires the presence of colipase to remove the inhibitory
effect of bile salts. It is more active against insoluble, emulsified substrates. A
second pancreatic lipase, carboxylase esterase, is more active against micellar
(ie, soluble) substrates and is strongly stimulated by bile salts.

Bile is composed of bile salts, phospholipids, and sterols. It emulsifies
the hydrophobic groups of dietary lipids and allows pancreatic lipases to
hydrolyze the ester bonds of the glycerol moiety. Bile also increases the
surface area available to enzymes and protects enzymes from proteolysis
themselves. Infant bile has a lower concentration of bile acids than that
of older children and adults, with a higher relative ratio of cholic acid to
chenodeoxycholic acid.® This is believed to be secondary to a slower rate
of synthesis of bile acids in neonates than in adults.3* Moreover, bile acids
in neonates are conjugated primarily with taurine, whereas in older in-
fants, they are conjugated primarily with glycine.® The ileal mechanism for
transport of cholyltaurine (ie, the expression of the apical sodium-dependent
bile acid transporter) is not well developed in the neonate, resulting in poor
recycling of bile acids.36%
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Fat Absorption

The absorption of lipids is through both active transport and passive diffu-
sion of micellar products and free fatty acids across the brush-border mem-
brane (BBM). Fatty acid binding proteins assist in the transmucosal shunting
of free fatty acids, monoglycerides, and bile salts.*® Both increased FA satura-
tion and chain length correlate negatively with absorptive efficiency across
the BBM.¥

Fat Assimilation in the Neonate
Human milk consists of approximately 4% fat, mostly in the form of
medium-chain triglycerides and long-chain triglycerides.* Because almost
half of the total calories in an infant’s diet are derived from fat, the diges-
tion and absorption of fat must be very efficient in infancy.***? Both salivary
and gastric lipases are produced early in fetal development (gastric lipase
is detectable in the developing fetus as early as 10 weeks’ gestation and
reaches adult levels by early infancy)*; yet, neonatal pancreatic and biliary
excretion is generally low in early infancy.* Therefore, it is likely that cer-
tain evolutionary measures were preferentially selected, such as the greater
capacity for absorption of intact macromolecules by receptor-mediated en-
docytosis in the neonatal intestine and the production of various lipases and
proteolytic inhibitors in the maternal mammary glands. The importance of
human milk factors in infant fat digestion is well-documented, as hydrolysis
of fat has been shown to be more than twice as efficient in breastfed infants
compared with formula-fed infants.¥

Human milk lipases include bile salt-stimulated lipase (BSSL), which is
made in the mammary glands and remains inactive until coming in contact
with bile salts in the infant’s duodenum.*** BSSL survives the stomach
milieu and is activated in the duodenum by bile acids to convert monoglyc-
erides to glycerol and free fatty acids.®°' Without BSSL, the monoglyceride
load would likely exceed neonatal absorptive capacity, and much would
escape unabsorbed. BSSL performs other functions, such as the hydrolysis
of retinol esters allowing for retinol absorption,® as well as hydrolysis of
ceramide, the main sphingomyelin (a phospholipid) in human milk.%® The
importance of BSSL is supported by a study of preterm infants with low
birth weight (3 to 6 weeks of age) who were fed raw versus heat-treated (ie,
pasteurized or boiled) human milk. Fat absorption was significantly higher
in the former group (74%) compared with the latter (54% in the pasteurized
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group and 46% in the boiled group).* Other lipases, such as lipoprotein
lipase, are also present in human milk.%

Dietary Carbohydrates

Carbohydrates are a class of substances with a molar ratio of carbon to hy-
drogen to oxygen of 1:2:1 [C (H,O) ] plus oligosaccharides, polysaccharides,
and the sugar alcohols (sorbitol, maltitol, mannitol, galactitol, and lactitol).
Complex carbohydrates are mainly plant starch and animal glycogen, but
include also pectin, cellulose, and gum. Simple carbohydrates include the
hexose monosaccharides glucose, galactose, and fructose; the disaccharides
maltose (glucose-glucose), sucrose (glucose-fructose), and lactose (glucose-
galactose); and sporadic trioses, tetroses, and pentoses. Pentoses (ie, ribose
[C,H,,O,]) are important constituents of nucleic acids.”

Oligosaccharides are generally defined as yielding 3 to 10 monosaccha-
rides on hydrolysis (eg, maltose, isomaltose, maltotriose, maltodextrin),
whereas polysaccharides yield more than 10.% Starch, by far the most com-
mon dietary polysaccharide, consists of only glucose units and is thus des-
ignated a glucosan. It is composed of 2 homopolymers of glucose: amylose
(linear 1-4 linkages) and amylopectin (branched 1-6 and 1-4 linkages).

Carbohydrate Digestion

The digestion of carbohydrates requires complete hydrolysis of polysac-
charides, oligosaccharides, and disaccharides, because absorption of dietary
carbohydrates in the intestine is limited to the monosaccharides glucose,
galactose, and fructose. Digestion begins with salivary amylase, which acts
only on the interior (1-4) linkages of polysaccharides, not the outer (1-6)
linkages, releasing a-disaccharides (eg, maltose) and trisaccharides (eg,
maltotriose) and creating large oligosaccharides (eg, dextrins). Dextrins are
sugar molecules containing an average of 8 glucose units with 1 or more
outer links, requiring further digestion by glucoamylase. Pancreatic amylase,
similar to salivary amylase, cleaves only interior links. The disaccharidases
(eg, lactase, fructase, and sucrase-isomaltase) are necessary to ultimately
yield free monosaccharide molecules.

Carbohydrate Absorption

Glucose is the major source of metabolic energy. As a hydrophilic polar
molecule, it relies on transport across the relatively impermeable hydropho-
bic intestinal BBM. Transport occurs via both a family of facilitative glucose
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transporters (GLUTs) and active symporters, such as the sodium-glucose
cotransporters (SGLTs).% GLUTs are membrane integral proteins found
on the surface of all cells. They transport glucose down its concentration
gradient, and the energy for the transfer comes from dissipation of the
concentration difference. The SGLTs allow for glucose transport against the
concentration gradient and are expressed mostly in enterocytes of the small
intestine and epithelial cells of the kidney’s proximal tubule.®! The transport
of glucose up its concentration gradient occurs in the presence of sodium
and results in the passive resorption of water.® This concept explains the
rationale behind oral rehydration solutions.

Galactose shares the same transport mechanisms as glucose in the en-
terocytes, namely, apical SGLT cotransporters and the basolateral GLUT?2.
Once it enters the portal blood circulation, galactose is practically cleared
in its first passage through the liver, where it is converted by galactokinase
into galactose-1-phosphate. The latter is then transformed enzymatically
into glucose-1-phosphate and converted into glycogen. Lactose is the sole
dietary source of galactose in humans, although glucose can be converted
into galactose for supply of cellular needs (eg, glycoproteins and mucopoly-
saccharides).

Fructose is transported across the BBM by the facilitated transporter
GLUTS. Fructose malabsorption is well documented in infants and toddlers
and is associated with diarrhea and abdominal pain.® GLUTS is believed
to undergo up-regulation with increased dietary intake of fructose. Once
absorbed, fructose is metabolized by the abundant enzyme fructokinase and
then cleaved by aldolase to produce glyceraldehyde and dihydroxyacetone
phosphate. The metabolites ultimately enter the glycolytic pathway and
produce glycogen. Small amounts of fructose act catalytically to enhance
glucose metabolism, perhaps via activation of glucokinase.®* However, large
amounts of fructose may saturate the glycolytic pathway with intermediate
metabolites that may be used for triglyceride synthesis.

Carbohydrate Assimilation in the Neonate

The concentrations of salivary and pancreatic amylase, as well as BBM
glucoamylase and disaccharidases (eg, lactase), are low in the neonatal
period but increase to mature concentrations quite rapidly in the postnatal
period.®% Approximately 25% of 1-week-old term infants exhibit some
lactose malabsorption, and lactase activity in the neonatal period appears to
be inducible by lactose intake.®*7! Lactose malabsorption in the neonate is
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generally mild and asymptomatic, with malabsorbed lactose salvaged in the
colon with bacterial fermentation and production of SCFAs. Thus, the finite
capacity of the neonatal intestine to absorb lactose may serve to promote
healthy intestinal microflora and provide colonocytes with an important
nutrient (ie, butyric acid).”

Starch digestion is limited in newborn infants, and pancreatic secretion of
a-amylase may remain insufficient for several months.”® Thus, carbohydrate
needs in infancy are met largely via the digestion of lactose into glucose
and galactose, and the need for a-amylase digestion is minimal until wean-
ing. Weaning is also the time at which all studied nonhuman mammals
and most humans begin to experience a decline in lactase concentrations.”
Individuals who are lactase persistent are generally of western European
descent, the product of natural selection in areas where animal farming and
milking have occurred for centuries. Hypolactasia occurs in most other indi-
viduals, as early as 2 years of age in children from Thailand and Bangladesh
and 10 years of age for Asian, black, and Hispanic children. For many white
children (eg, Finnish, Irish descent), it is a steady and slow decrease.”>®

Dietary Protein

Consisting of amino acids, proteins direct and facilitate the biochemical
reactions of life. Proteins include enzymes, transporters, signaling peptides,
and muscle fiber. The body’s requirement for proteins diminishes greatly
after infancy as the rate of accretion of new protein is reduced. However,
during accelerated growth phases, as seen in early childhood and adoles-
cence, as well as in athletes, protein requirement is increased to near-infant
levels. The metabolic rate of conversion and utilization of individual amino
acids differs in the body depending on age, gender, nutrient exposure, and
level of activity.”

Essential amino acids constitute approximately one third of the protein
requirement in infancy but only about one fifth later in childhood and one
tenth in adulthood.”® The need for high-quality protein, defined by the
protein’s ability to support growth, also decreases with age.”” High-quality
proteins characteristically have an abundance of indispensable amino acids,
are easily digestible, and lack contaminating molecules, such as inhibitors
of digestive enzymes (eg, trypsin inhibitors) or antigens that may trigger
allergic stimuli.

Protein differs from carbohydrates and fat in that it contains nitrogen, on
average approximately 16% by weight. When amino acids are oxidized in
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the citric acid (ie, Krebs or tricarboxylic acid) cycle to carbon dioxide and
water to produce energy, nitrogen is produced as a waste product and must
be expelled from the body. The body can use dietary protein for energy,
muscle incorporation, or incorporation into other nitrogen-containing com-
pounds.

Amino acids can be converted to glucose via gluconeogenesis to provide
a continuous supply of glucose after glycogen stores are consumed. Simi-
lar to carbohydrates, degradation of amino acids by oxidation produces
approximately 4 kcal/g of protein. The carbon skeletons may also be used
for formation of fat via elongation of acetyl units as well as carbohydrates
through the conversion of alanine into pyruvate. Amino acids are also
incorporated into various products, such as creatine, nitric oxide, purines
and pyrimidines, glutathione, porphyrins (hemoglobin and cytochromes),
histamine, serotonin, nicotinic acid, thyroid hormone, catecholamines, and
carnitine, among many others.

Protein Digestion
Digestion of protein begins in the stomach with pepsin secretion in gastric
juice. Pepsin cleaves the carboxyl terminus of tyrosine, phenylalanine, and
tryptophan. Pepsin output and parietal cell activity are believed to be lower
in the neonate than in older infants.®® The buffering of gastric acidity after
milk feeds may also result in suboptimal pepsin activity in early infancy.®%
Yet, it is important to note that secretion of gastric acid, intrinsic factor, and
gastrin is noted as early as the middle of the second gestational trimester,®
and infants are able to maintain a gastric pH well below 4 from the first day
of life.®® Indeed, infants have been shown to be capable of hydrogen ion
secretion,® with the level of gastric H/K*-adenosine triphosphatase proton
pump increasing significantly with advanced gestational age and during the
first 3 months of life.¥” Pepsin activity is shown to increase soon after initiat-
ing feeding.®®

Proteolytic enzymes secreted from the pancreas and intestinal mucosa
break proteins down into smaller peptides. Their activity is largely depen-
dent on the amino acid residue composition of the protein ingested. Pancre-
atic excretion begins in utero at approximately the fifth month of gestation.®
Although trypsin values may be lower in the preterm infant,” a substantial
difference in trypsin concentration in duodenal fluid between 2 days and 7
weeks of age is not observed,” and mature trypsin concentration is reached
as early as 1 to 3 months of age.?** Chymotrypsin activity may also be low
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in the newborn infant but increases rapidly, approaching the levels of older
children at about 6 months of age and adult levels by 3 years of age.”> None-
theless, adults can digest protein at about a 60% faster rate than children.”®

Pancreatic digestive enzymes are secreted in the form of zymogens,
precursors that are converted into active proteolytic enzymes in the in-
testinal lumen. Trypsin is activated from trypsinogen by enterokinase, a
brush-border enzyme. Trypsin cleaves the carboxyl terminus of positively
charged amino acids such as lysine and arginine and activates chymotrypsin
from chymotrypsinogen. Chymotrypsin attacks the same bonds cleaved
by pepsin, which is inactivated by the increased pH of duodenal content.
Carboxypeptidase cleaves the amide bond at the carboxyl terminus of
aromatic and branched-chain amino acids, such as tyrosine, tryptophan, and
phenylalanine. Elastase preferentially cleaves peptide bonds at the carboxyl
terminus of small, hydrophobic amino acids, such as glycine, alanine, serine,
and valine. Elastase is highly active against elastin, a component of connec-
tive tissue. Nucleases hydrolyze ingested nucleic acids (RNA and DNA) into
their component nucleotides.

The oligopeptide products of gastric and pancreatic proteolysis undergo
further hydrolysis in the BBM of the small intestine by carboxypeptidase
and aminopeptidase. These 2 enzymes hydrolyze the carboxyl and amino
terminuses of oligopeptides, respectively, releasing tripeptides, dipeptides,
and individual amino acids. Tripeptides and dipeptides can cross the BBM to
be hydrolyzed intracellularly by tripeptidases and dipeptidases. Activity of
carboxypeptidase, aminopeptidase, tripeptidase, and dipeptidase is detect-
able in the intestines of fetuses as early as in the second trimester of gesta-

tion 69,94

Protein Absorption

Free amino acids are absorbed by active and specific transporters into the
mucosa. Several transport systems are ubiquitously expressed and exhibit
preference for certain amino acids. Systems A and ASC, for example, prefer
amino acids with small side chains (eg, glycine, alanine, serine). System L
transports amino acids with bulky side chains (eg, tyrosine, arginine, valine,
asparagine, glutamine). The B system (eg, B®, B®*), which has broad specific-
ity for neutral amino acids, is produced largely in the small intestine.” Other
specific amino acid transport systems in the intestine include IMINO (pro-
line and glycine) and tBAT (cystine and dibasic amino acids). The transport
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of amino acids across the mucosa of the small intestine has been shown in
fetuses as young as 12 weeks’ gestational age.*®

Protein Assimilation in the Neonate

Larger peptides and proteins can enter the gut intact. Although the adult
intestine absorbs approximately a quarter of its dietary protein as dipeptides
and tripeptides, using intracellular hydrolases to free amino acids into the
portal blood, the neonate relies on the transfer of macromolecules to a much
greater extent. Macromolecules in human milk include enzymes, growth
factors, and immunologlobulins (Igs) that help shape the neonate’s digestive,
barrier, and immunologic function. Macromolecules can cross the intesti-
nal epithelium either transcellularly (ie, through cells) or paracellularly (ie,
between cells). Endocytosis, a transcellular pathway, is the major pathway
for macromolecules to cross the mucosal brush border.” The paracellular
passage of macromolecules across “leaks” between epithelial cell junctions
(ie, tight junctions) remains controversial.

The uptake of macromolecules by the neonatal gut may represent the
persistence of intrauterine absorptive processes, because the amniotic fluid
is known to contain a range of protein macromolecules, including immu-
noglobulins, hormones, enzymes, and growth factors.”® The small intestine
is noted to be more permeable to intact proteins in the neonatal period,
and infant serum often contains higher titers of antibodies to food antigens
than does the serum of adults.*% It is not fully understood how protein
antigens escape luminal digestion and cross the BBM in sufficient amount
to trigger an immune response, but the transport of maternal biological
compounds intact may have served an evolutionary advantage.!”” Recent
data suggest that the epithelial IgG receptor (FcRn) facilitates the recycling of
IgG between the intestinal lumen and systemic circulatory compartments,
including antigen-Ig complexes.®

Vitamins and Minerals

Fat-soluble micronutrients, such as prostaglandins and vitamins A, D, E,
and K, are emulsified within lipid and cross the mucosal BBM as lipophilic
molecules. Water-soluble vitamins cross the intestinal BBM by the action

of specific carrier-mediated transport. These include the sodium-dependent
multivitamin transporter, which is produced by enterocytes and transports
vitamins such as B complex and pantothenate!™ Vitamin C (L-ascorbic acid)
transport occurs via the recently identified mammalian family of a sodium-
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dependent L-ascorbic acid transporter. Thought to be essential in diminish-
ing oxidant injury in rapidly growing tissue, vitamin C serum concentra-
tions decline rapidly postpartum. Thus, sodium-dependent L-ascorbic acid
transporter expression in neonates may be of vital importance for vitamin C
regulation 105106

Most mineral absorption depends on specific carrier-mediated transport
as well. Mineral accretion in the fetus occurs only during the last trimester
of gestation, increasing the risk of mineral deficiencies in the preterm infant.
The transport of calcium is sensitive to the presence and abundance of other
nutrients, such as lactose and fatty acids %~ The effect of calcium on
newborn bone mineral content (BMC) depends on several factors, including
maternal vitamin D concentrations, gestational age, fetal size, and maternal
glucose homeostasis.''® Infants of mothers with diabetes have low BMC at
birth, implying that factors in pregnancy have an effect on fetal BMC or that
decreased transplacental mineral transfer may occur, because otherwise,
BMC is consistently increased with increased newborn weight and length.
Moreover, although race and gender differences in BMC appear early in life,
they do not appear to exist at birth.

Young animals absorb iron, lead, calcium, and strontium much better
than do adults 1'¥112 A divalent cation transporter named DCT1 is the main
iron carrier in the small intestine !*®* The specificity of this transporter is lim-
ited to the reduced or ferrous form of iron. However, it can transport other
divalent cationic minerals, such as zinc, copper, manganese, nickel, lead,
cobalt, and cadmium. Its affinity to lead puts infants at greater risk than of
lead toxicity than adults

Human Milk

The relationship between lactating mammary function and neonatal gas-
trointestinal function is an example of the parallel evolution of 2 organs
that, after birth, together undertake functions previously performed by the
placenta!® Human milk contains both nutrients required by the newborn
infant for energy and metabolism and nonnutritional components that
promote infant health, growth, and development. Nonnutritional compo-
nents include antimicrobial factors, digestive enzymes, hormones, trophic
factors, and growth modulators. Energy nutrients include metabolic fuel
(ie, fat, protein, carbohydrates), free water, and raw material necessary for
tissue growth and development, such as long-chain fatty acids, essential
amino acids, minerals, vitamins, and trace elements. For most infants,
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nutrient intake from human milk becomes increasingly insufficient after 4 to
6 months of age, and other foods need to be added to the diet.

More than 98% of the fat in human milk is in the form of triglycerides,
made within the mammary glands from medium-chain fatty acids and
LCFAs. Oleic acid (18:1) and palmitic acid (16:0) are the most abundant
fatty acids, with palmitic acid occupying the central position of the glycerol
molecule in most human milk triglycerides, a property that increases its
overall digestibility!*® Similarly high proportions of the essential fatty acids
linoleic acid (18:2 w-6) and linolenic acid (18:3 w-3) and of other long-chain
polyunsaturated fatty acids (LCPUFAS), such as arachidonic acid (20:4 -6
[ARA]) and docosahexaenoic acid (22:6 w-3 [DHA]), are also present.!'¢
These LCPUFAs are constituents of brain and neural tissue and are needed
in early life for mental and visual development.!”” Studies have established
that concentrations of LCPUFAs in plasma and red blood cells of infants
fed formulas supplemented with both w-6 and w-3 LCPUFAs were closer to
those of breastfed infants than to those of infants fed formulas containing
no LCPUFAsM® However, those concentrations in infants fed supplemented
formulas did not match those of breastfed infants*? Although fewer than
half of all studies report beneficial effects of LCPUFAs on visual, mental,
and/or psychomotor function, the body of literature suggests that LCPUFAs
are important to the growth and development of infants 2

Proteins account for approximately 75% of the nitrogen-containing
compounds in human milk. Nonprotein nitrogen substances include urea,
nucleotides, peptides, free amino acids, and DNA. The proteins of human
milk can be divided into 2 categories: micellar caseins and aqueous whey
proteins, present in a ratio of approximately 40:60.!%! The predominant
casein of human milk is beta-casein, which forms micelles of relatively small
volume and produces a soft, flocculent curd in the infant’s stomach. Cer-
tain human milk proteases, such as plasmin, which is highly active against
casein, increase infant capacity for protein digestion.

The major whey proteins found in human milk are a-lactalbumin, lacto-
ferrin, secretory IgA, and serum albumin, with a large number of other pro-
teins present in smaller amounts. Secretory IgA is the principal Ig of human
milk, and together with lactoferrin, it represents about 30% of all milk
protein!? It is synthesized in the mammary epithelial cell when 2 IgA mol-
ecules, produced locally by lymphocytes resident in the breast tissue, are
coupled with 2 proteins, a J-chain and a secretory component. The specific-
ity of human milk secretory IgA antibodies reflects the mother’s exposure to
various antigens and is independent of the specificity profile of bloodborne
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[gA 128124 Lactoferrin, which transports and promotes the absorption of iron,
is also a bacteriostatic agent to a range of organisms. Ultimately, once di-
gested into amino acids, it can be absorbed and used by the body for energy
requirement.!??

The principal carbohydrate of human milk is lactose, a B-disaccharide
manufactured in the mammary epithelial cell from glucose by a reaction
involving a-lactalbumin!*® In addition, human milk contains significant
quantities of oligosaccharides, predominantly lacto-N-tetraose and its mono-
fucosylated derivatives, representing approximately 10% of total milk carbo-
hydrate. Oligosaccharides can escape luminal digestion and are believed to
serve as growth factors for intestinal microflora (eg, Bifidobacterium bifidum) 126
Oligosaccharides are also suspected of altering bacterial adhesion to intesti-
nal epithelial cells !

In addition to energy nutrients, human milk contains a wealth of bioac-
tive components that have beneficial yet nonnutritional functions ?%? Non-
nutrient factors compensate for the neonate’s immature digestive and barrier
functions and modulate the transition from intrauterine to extrauterine life.
These factors include a wide range of specific and nonspecific antimicrobial
factors, cytokines, and anti-inflammatory substances as well as hormones,
growth modulators, and digestive enzymes. These components may be of
particular importance for young infants, as the digestive system and host
defense are still immature and susceptible to infection. The physiological
significance of many of these substances is not fully determined, and some
may represent merely a “spillover” of excretory products from metabolic
processes occurring within the mammary epithelial cell. For those with
established significance, the site of action may be within the mother’s breast,
within the infant’s alimentary canal, or within the infant’s body.

Of the trophic factors active in the neonate, epidermal growth factor
(EGF) is the best studied. A small polypeptide with mitogenic, antisecre-
tory, and cytoprotective properties, EGF is present in amniotic fluid and
colostrum, suggesting that it plays an important role in perinatal adaptation
to extrauterine nutrition and gut function**® Its roles in activating mucosal
function, diminishing gastric hydrolysis of potentially useful milk macro-
molecules, and protecting the gut epithelium from autodigestion are well
described 1132 EGF has also been implicated in the induction of lactase
secretion and the repression of sucrase activity.!*

Pancreatic lipase secretion in the preterm infant is only approximately
10% of that of an adult, and the bile-salt pool is only about 50% of that
found in the mature neonate ! The depressed pancreatic function ensures
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that the immature microvillus membrane is spared digestion by pancre-

atic proteolytic enzymes and permits prolonged activity of essential brush
border enzymes and mammary gland factors. The evolutionary advantage
of maintaining certain human milk proteins intact is clear. Breastfed infants
are able to maintain the function of Igs and other biologically important
peptides, including enzymes such as salivary and human milk amylases and
lipases that are able to continue their activity in the neutral environment of
the duodenum even after temporary inactivation in gastric pH. A sufficient
proportion of antimicrobial proteins is known to escape digestion altogether
and emerge in the feces, suggesting that antimicrobial activity continues
throughout the length of the infant’s gastrointestinal tract.

Some antimicrobial components are active both within the breast, mini-
mizing the risk of breast infection and mastitis,’* and within the infant’s
gastrointestinal and respiratory tracts, protecting the mucosal surfaces from
infection by bacteria, viruses, and parasites.!” The site of action of the
peptide feedback inhibitor of lactation, for example, is within the breast
itself, its function being the autocrine regulation of milk production.!® Many
bioactive substances also become valuable nutrient sources once they are
digested and absorbed (see also Chapter 2).

Intestinal Microbiota in the Infant
The gastrointestinal tract is sterile at birth and is subsequently colonized by
microbes acquired from the mother and the surrounding environment.*¥
Bacteria are predominant, but a variety of protozoa, yeasts, bacteriophages,
and anaerobic fungi are present!®1% [t is estimated that the human colon
contains more than 10" bacterial cells/g of mucosa; the bacteria outnumber
host cells by a factor of 10 and comprise as many as 400 different species.*
Anaerobic bacteria predominate, and more than 99% of the bacteria isolated
from human fecal specimens will not grow in the presence of atmospheric
oxygen!*! Because of the vital role of gastrointestinal microbiota and its pro-
found influence on immunologic, nutritional, physiological, and protective
processes, some consider it the largest metabolically adaptable and rapidly
renewable organ of the body!'#2

The gut is initially colonized by lactic acid bacteria (eg, lactobacillus,
bifidobacteria), enterobacteria, and streptococci. The gastric content of
newborn infants is similar to that of their mothers’ cervix,'* and the content
of the nasopharynx of most neonates is consistent with that of their moth-
ers’ vagina immediately before delivery!** Enterobacteria and streptococci
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are the first groups to colonize the intestines, and all infants are colonized
with Escherichia coli within a few days!* The intestinal microflora differs
between breastfed and formula-fed infants, with the predominant species
in breastfed infants being Lactobacillus species and Bifidobacterium species,
whereas formula-fed infants have a large proportion of Bacteroides species
and Enterobacter species ¢ Human milk contains up to 10° microbes/L, the
most common groups being staphylococci, streptococci, corynebacteria,
lactobacilli, micrococci, propionibacteria, and bifidobacteria 8% After the
introduction of solid foods, obligate anaerobes increase in number and di-
versity until a pattern similar to that seen in adults is achieved, normally by
the age of 2 to 3 years. Lactobacilli and most gram-negative bacteria, such
as E coli and other members of the Enterobacteriaceae family, can adhere to
enterocytes.*® The study of the molecular basis for bacterial adhesion to en-
terocytes may help elucidate some of the mechanisms by which indigenous
bacteria stimulate the development of host immunity in the intestinal tract.
This may lead to insights into a variety of pediatric conditions, including
food allergies, inflammatory bowel disease, and autoimmune conditions,
including eczema !
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Breastfeeding

Introduction

The American Academy of Pediatrics (AAP) strongly recommends breast-
feeding as the preferred feeding for all infants, including preterm newborn
infants.! The success of adequate lactation depends substantially on a sup-
portive attitude of professional personnel in pediatrics, family practice, and
obstetrics services; a hospital climate that is conducive to the initiation and
maintenance of breastfeeding; and the realization by health care profes-
sionals that although breastfeeding is a natural function, many mothers
need instruction and support. Much information must be conveyed to new
parents in the short postpartum hospital stay. Caregivers should observe and
document breastfeeding, and early follow-up at 3 to 5 days of age should be
arranged.! Public awareness of the benefits of breastfeeding has increased,
which has prompted caregivers to request more formal education in the
field.? Numerous programs have been developed to enhance the knowledge
of pediatricians and support their practices, and the AAP and American Col-
lege of Obstetricians and Gynecologists together published the Breastfeeding
Handbook for Physicians.®

Rates of Breastfeeding in the United States

Infant feeding practices in the United States have changed substantially
over the past several decades. Breastfeeding was the norm in the early part
of this century, with a mean duration of more than 4 months in 1931.*
However, after World War II, the proportion of babies who were breastfed
decreased dramatically, probably as a result of the great influx of women
into the workforce and the use of the readily available and widely marketed
commercial infant formulas.® Recognition of the benefits of breastfeeding
by the public and health professionals, however, grew during the 1970s,
and breastfeeding rates increased from a low of 24.7% in 1971 to 59.7% in
1984.51n 1995, 60% of mothers breastfed and 20% continued to 6 months.”
The Centers for Disease Control and Prevention began monitoring annual
breastfeeding rates through the National Immunization Survey in 2003
(http://www.cdc.gov/breastfeeding/data/index.htm) and published the first
data in 2003. In 2003 and 2004, 70.9% and 70.3%, respectively, of all US
women initiated breastfeeding—close to the Healthy People 2010 (Table 2.1)
objective of 75% breastfeeding initiation.® Although this time period had the
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highest rates in recent years, only approximately 40% were breastfeeding
exclusively at 3 months. At 6 months, 36% of infants were receiving any
human milk, well below the Healthy People 2010 goal of 50%, and only 14%
were breastfeeding exclusively. When viewed by state, in 2004, 14 states
achieved the national Healthy People 2010 objective of 75% breastfeeding
initiation rate, whereas only 3 states achieved the objective of having 50%
of mothers report any breastfeeding at 6 months, and 5 states achieved the
objective of having 25% of mothers report any breastfeeding at 12 months.
However, no US state achieved an exclusive breastfeeding rate of 25%

through 6 months.

Table 2.1
Healthy People 2010 Goals®

Breastfeeding initiation 75%

Breastfeeding duration to 6 months 50%

Breastfeeding duration to 12 months | 25%

Unfortunately, the increases in breastfeeding rates have not been dis-
tributed equally among all population subgroups. Demographically, for-
mula feeding is more common among less-educated women®*! and those
who are single” or young.5 Although well below national rates, significant
increases in breastfeeding rates have been reported among these subgroups:
mothers 20 years or younger (any breastfeeding: 48% initiation and 14% at
6 months of age), primiparous women, mothers of infants with low birth
weight, and participants in the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) (any breastfeeding: 64% initiation and
29% at 6 months). The WIC program has made significant strides in increas-
ing the rates of breastfeeding among its participants, although the rates have
still been low.121

Employment has been associated with lower rates of initiation and dura-
tion of breastfeeding in some studies.” However, breastfeeding rates have
decreased among both unemployed and working women.® Nevertheless,
women who work outside the home may need assistance and support in
balancing breastfeeding with experiences in the workplace. Efforts have
been made to develop breastfeeding support programs in many work loca-
tions, often with great success.
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There also is considerable disparity in breastfeeding rates among racial
and ethnic minority groups. Data on breastfeeding from the National Im-
munization Survey revealed that non-Hispanic black and socioeconomi-
cally disadvantaged women had lower breastfeeding rates. Black women
are significantly less likely to breastfeed.5?1%!* Although in 2004 and 2003,
breastfeeding rates among black women approximated 54% for initiation
and 23% at 6 months, this group had the most rapid gains in breastfeeding
rates in recent years (30% increase from 1996-2004). Breastfeeding rates in
2003-2004 for Hispanic mothers are greater than those for the total US pop-
ulation (approximately 79% at initiation). Ethnicity also influences attitudes
cited in support of feeding decisions, with some feeding beliefs being cultur-
ally specific.!>1% Hispanic mothers sometimes express concern about trans-
mitting dangerous negative emotions to their babies through their milk.?*¢
In contrast, Navajo mothers believe that breastfeeding passes on maternal
attributes and models proper behavior, thereby ensuring a good life for the
infant.” In addition, support for breastfeeding from the baby’s father,” other
relatives, such as the maternal grandmother,?! or friends,? which influences
duration of breastfeeding, may also vary by ethnicity.'®

Data on breastfeeding rates at 1 year of age have only recently been col-
lected. Whereas the Healthy People 2010 goal for any breastfeeding at 1 year
of age is 25%, the rate for the United States in 2004 and 2003 approximated
17%, but the rate among black women was 9.8%. Healthy People 2010 goals
include eliminating health disparities among subgroups of the population,
including racial and ethnic disparities.”® Thus, improvements in breastfeed-
ing rates in many subgroups of the population are needed. Such improve-
ments can be facilitated through knowledgeable health care practitioners.

The Evidence to Support Breastfeeding

The AAP recommends exclusive breastfeeding for a minimum of 4 months
but preferably for 6 months. Breastfeeding should be continued, with the
addition of complementary foods, at least through the first 12 months of age
and thereafter as long as mutually desired by mother and infant.'?*? The
recommendation for feeding full-term and preterm infants with human milk
arises because of its acknowledged benefits to infant nutrition, gastrointes-
tinal function and host defense, and the potential beneficial influence on
neurodevelopment and chronic diseases of childhood. In addition, benefits
of breastfeeding to maternal health as well as significant societal benefits
have been described.
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Nutritional Aspects

The human milk model is used to design the composition of human milk
substitutes, because the goal for infant nutrition through the first year is to
mimic the body composition of the breastfed infant. A reference tabulation
of the composition of human milk, comparing early and more mature milk,
is provided in Appendix C.?® However, because human milk has a dynamic
nutrient composition, making a single tabulation of its contents is unrealistic.
Nutrient contents may change through lactation, over the course of a day,
and within a feeding and differ among women. Components in human milk
also exert dual roles, one in nutrition and one involved in immunity and/or
development. In the first few weeks after birth, the total nitrogen content of
milk from mothers who deliver prematurely (preterm milk) is greater than
milk obtained from women delivering at term (term milk).” The total nitro-
gen content in both milks, however, decreases similarly to approach what

is called mature milk.?® The protein quality (proportion of whey [70%] and
casein [30%]) of human milk differs from that in bovine milk (82% casein,
18% whey). Caseins are proteins with low solubility in gastric acid. Whey
proteins remain in solution after acid precipitation. Generally, the whey
fraction of soluble proteins is more easily digested and promotes more rapid
gastric emptying. The whey protein fraction provides lower concentrations
of phenylalanine, tyrosine, and methionine and higher concentrations of
taurine than the casein fraction of milk. The plasma amino acid pattern in
the breastfed infant serves as the model on which enteral and parenteral
amino acid solutions are based.

The type of proteins contained in the whey fraction differs between hu-
man and bovine milks. The major human whey protein is a-lactalbumin.
Lactoferrin, lysozyme, and secretory immunoglobulin A (sIgA) are specific
human whey proteins involved in host defense.?” Because these host de-
fense proteins resist proteolytic digestion, they serve as a first line of defense
by lining the gastrointestinal tract. The major whey protein in bovine milk is
B-lactoglobulin, the particular protein associated with cow milk allergy.

The lipid system in human milk, responsible for providing approximately
50% of the calories in the milk, is structured to facilitate fat digestion and ab-
sorption. The system is composed of an organized milk fat globule, bile salt-
stimulated lipase, and a pattern of fatty acids (high in palmitic [C16:0], oleic
[C16:1 w-9], linoleic [C18:2 w-6], and linolenic [C18:3 w-3] acids) characteris-
tically distributed on the triglyceride molecule (C16:0 at the 2 position of the
molecule). Because the lipase is heat-labile, the superior fat absorption from
human milk is reported only when unprocessed milk is fed. The mixture of
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fatty acids in infant formula differs from that in human milk. Manufactur-

ers have modified the fat blends in formula to contain greater medium- and
intermediate-chain fatty acids, in part, to match the superior fat absorption
from human milk. The pattern of fatty acids in human milk also is unique in
its composition of very long-chain polyunsaturated fatty acids. Arachidonic
acid (C20:4 w-6 [ARA]) and docosahexaenoic acid (C22:6 »-3 [DHA]), deriva-
tives of linoleic and linolenic acids, respectively, are found in human but not
bovine milk. ARA and DHA are constituents of retinal and brain phospho-
lipid membranes and functionally have been associated with improved short-
term visual function and neurodevelopmental outcomes in some studies (see
Chapter 16). Knowledge of their presence in human milk and their beneficial
effects influenced their recent addition to many infant formulas.

The carbohydrate composition of human milk is important as a nutri-
tional source of lactose and for the presence of oligosaccharides. Although
studies in full-term infants demonstrate a small proportion of unabsorbed
lactose in the feces, the presence of lactose is assumed to be a physiological
effect of feeding infants with human milk. A softer stool consistency, more
nonpathogenic fecal flora, and improved absorption of minerals have been
attributed to the presence of small quantities of unabsorbed lactose resulting
from feeding infants with human milk. Oligosaccharides are carbohydrate
polymers (also including glycoproteins) that, in addition to their role in nu-
trition, help protect the infant, because their structure mimics specific bacte-
rial antigen receptors and prevents bacterial attachment to the host mucosa.

The concentrations of calcium and phosphorus in human milk are signifi-
cantly lower than in other milks, because they are present in more bioavail-
able forms—bound to digestible proteins and in complexed and ionized
states.®® Thus, despite differences in mineral intake, bone mineral content of
breastfed infants is similar to that of infants fed formula.? The concentra-
tions of iron, zinc, and copper decrease throughout lactation.?* The con-
centrations of copper and zinc, despite their decrease throughout lactation,
appear adequate to meet the infant’s nutritional needs until approximately
6 months of age. The concentration of iron may also not meet the infant’s
needs beyond 6 months of breastfeeding.® At that time, most authorities
agree that an iron supplement, in the form of iron-containing complemen-
tary feedings, is indicated to prevent subsequent iron-deficiency anemia.

Vitamin K deficiency may be a concern in the infant, because bacterial
flora are responsible for ensuring vitamin K adequacy. The intestinal flora
of the breastfed infant produce less vitamin K, and the content in human
milk is low. Therefore, to meet vitamin K needs, a single dose of vitamin K
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is given at birth.% The content of vitamin D in human milk is low; nutri-
ent needs for vitamin D are met by adequate sunlight exposure. Vitamin D
deficiency, however, has been reported in breastfed infants who have dark
skin pigmentation, inadequate exposure to sunlight, and/or when appropri-
ate sunscreen ointments are prescribed.®*¢ Thus, giving the breastfed infant
supplemental vitamin D is indicated.”

Gastrointestinal Function

Gastric emptying is faster for infants fed human milk than for infants fed
commercial cow milk-based formula. Large gastric residual volumes are
reported less frequently in preterm infants fed human milk. Many factors

in human milk may stimulate gastrointestinal growth and motility and
enhance maturity of the gastrointestinal tract. Bioactive factors, such as
lactoferrin, may affect intestinal growth. Glutamine affects intestinal cellular
metabolism, and nucleotides affect fecal flora. Enzymes such as acetylhy-
drolase, which blocks the ischemic injury produced by platelet-activating
factor in the pathogenesis of necrotizing enterocolitis, may lower the risk of
this condition.”’ In addition, components such as epidermal growth factor
provide a surveillance system for the intestinal mucosa to repair any sites of
injury, and interleukin-10 exerts anti-inflammatory properties.

Host Defense
Specific factors such as slgA, lactoferrin, lysozyme, oligosaccharides, growth
factors, and cellular components may affect the host defense of the infant
(Table 2.2).* A description of the enteromammary immune system sum-
marizes an important part of the protective nature of human milk.”? In the
enteromammary immune system, the mother produces sIgA antibody when
exposed to foreign antigens and is stimulated to make specific antibodies
that are elaborated at mucosal surfaces and in her milk. By ingesting the
milk that contains specific sIgA antibody, the infant receives specific passive
immunity. The system is active against a variety of antigens in infants.

In Brazil, infants who were completely weaned had 14.2 times the risk
of death from diarrhea and 3.6 times the risk of respiratory infection com-
pared with exclusively breastfed infants.* Not only in developing countries,
but also in affluent US populations, there is a reduction in the incidence
of gastrointestinal and respiratory diseases and otitis media that is directly
attributed to breastfeeding (Table 2.3).> As noted previously, limited data
also suggest that human milk protects the preterm infant from infection and
necrotizing enterocolitis.* Research conducted over the past decade has
addressed methodologic issues in older studies, and current studies in the
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industrialized world have demonstrated that breastfeeding provides clear

health benefits.

Table 2.2

Selected Bioactive Factors in Human Milk

Secretory IgA

Specific antigen-targeted anti-infective action

Lactoferrin

Immunomodulation, iron chelation,
antimicrobial action, anti-adhesive, trophic for
intestinal growth

Lysozyme

Bacterial lysis, immunomodulation

K-casein

Anti-adhesive, bacterial flora

Oligosaccharides

Bacterial attachment

Cytokines

Anti-inflammatory, epithelial barrier function

Growth factors
Epidermal growth factor
Transforming growth factor (TGF)

Nerve growth factor

Luminal surveillance, repair of intestine

Promotes epithelial cell growth (TGF-a)
Suppresses lymphocyte function (TGF-B)

Growth

Enzymes
Platelet-activating factor-acetylhydrolase
Glutathione peroxidase

Blocks action of platelet activating factor
Prevents lipid oxidation

Nucleotides Enhance antibody responses, bacterial flora
Vitamins A, E, C Antioxidants
Amino acids

Glutamine Intestinal cell fuel, immune responses
Lipids Anti-infective properties

IgA indicates immunoglobulin A.

Adapted from American Academy of Pediatrics and American College of Obstetricians and Gynecologists.
The importance of breastfeeding for infants, mothers, and society. In: Breastfeeding Handbook for Physicians.
Elk Grove Village, IL: American Academy of Pediatrics; 2006:19-36°

Large, prospective studies of otitis media show a protective effect of
breastfeeding.*~*® Infants exclusively breastfed for at least 4 months may
experience as few as half the number of episodes of otitis media as formula-
fed infants and also half as many recurrent episodes.* Otitis media also is
less prevalent among breastfed infants with cleft palate.”” In many of these
studies, not only is the incidence of disease diminished with breastfeeding,
but also, the duration of individual episodes is reduced.”
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Lower respiratory tract illnesses and gastroenteritis also are less com-
mon or less severe among breastfed infants. For example, breastfeeding
for 1 month or longer has been associated with significantly lower rates of
wheezing and lower respiratory tract illness during the first 4 months of
life. %% Breastfeeding also confers a strong protective effect against Haenmo-
philus influenzae type b infection.” Infants breastfed for at least 13 weeks
had significantly fewer gastrointestinal illnesses during the first year of life
as well as lower rates of respiratory illness during several time periods.
Additionally, illnesses in infants who were breastfed for at least 13 weeks
seemed to be less severe because the infants were significantly less likely to
be hospitalized for gastrointestinal illness.*

Table 2.3
Pediatric Diseases Against Which Human Milk May Protect

Acute disorders
Diarrhea
Otitis media
Recurrent otitis media
Urinary tract infection
Necrotizing enterocolitis
Septicemia
Infant botulism

Hospitalizations

Infant mortality

Chronic disorders
Insulin-dependent diabetes mellitus
Celiac disease
Crohn disease
Childhood cancer
Lymphoma
Leukemia
Allergy

Obesity and overweight

Adapted from American Academy of Pediatrics and American College of Obstetricians and Gynecologists.
The importance of breastfeeding for infants, mothers, and society. In: Breastfeeding Handbook for Physicians.
Elk Grove Village, IL: American Academy of Pediatrics; 2006:19-36°

Urinary tract infections have been reported to be more common among

formula-fed infants than among breastfed infants.”*® Reduced adhesion to
uroepithelial cells by pathogens as mediated by oligosaccharides,” sIgA,* or
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lactoferrin®%? has been hypothesized as the mechanism for this protective
effect in breastfed infants.

In a study of infant botulism and its role in sudden infant death, formula-
fed infants tended to be younger than breastfed infants at onset of the
disease and were more likely to experience severe illness.® Indeed, breast-
feeding has been a protective factor in sudden infant death syndrome.*
Fewer episodes of late-onset sepsis and necrotizing enterocolitis are reported
in preterm infants fed human milk.%-% Lastly, infant mortality rates in the
United States and throughout the world are lower in breastfed infants com-
pared with those fed formula.®”°

Chronic Diseases of Childhood

Data from epidemiologic studies suggest that specific chronic disorders
have a lower incidence in children who were breastfed as infants. Because
of the nature of these studies, causal relationships between breastfeeding
and the health outcome of interest cannot be inferred. Among these chronic
disorders are Crohn disease,”* celiac disease,”” lymphoma and leukemia,”®%
juvenile-onset diabetes mellitus,”” and certain allergic conditions. Data are
conflicting regarding protection against allergic disease in general afforded
by breastfeeding.”®”® Breastfeeding, however, may be protective against
some food allergies,”®
lessened in breastfeeding infants whose mothers follow a restricted diet. A
lower incidence of atopic conditions is reported in breastfed infants with a
family history of atopy.*®*!

There may be a relationship between breastfeeding and the develop-
ment of type 1 diabetes, although this remains very controversial.”#8
In one report, insulin-dependent diabetes mellitus was more likely when
breastfeeding occurred for fewer than 3 months and cow milk proteins were
introduced before 4 months of age.”” Increased concentrations of immu-
noglobulin G antibodies specific to bovine serum albumin that cross-react
with B-cell-specific surface proteins have been identified in children with
insulin-dependent diabetes mellitus.®* However, it should be noted that
type 1 diabetes mellitus is largely thought to be a T-lymphocyte-mediated
disorder. Lactation also is associated with a decreased risk of type 2 diabetes
mellitus in mothers.*

Several reports suggest a significant inverse relationship between breast-
feeding duration and the development of overweight and obesity in adoles-
cents and young adults.®5% Most, but not all, studies describe this relation-
ship between breastfeeding and overweight/obesity in preschool children,

and the incidence of atopic dermatitis may be
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school-aged children, and/or older adolescents, and in many of the studies,
the reported data were adjusted for maternal body mass index. It is speculat-
ed that breastfeeding promotes internal self-regulation of energy intake,®*
promotes less rapid early weight gain,” is associated with lower rates of
diabetes, and affects long-term programming of leptin metabolism.”*

Neurobehavioral Aspects

Maternal-infant bonding is enhanced during breastfeeding. In addition,
improved long-term cognitive and motor abilities in full-term infants have
been directly correlated with duration of breastfeeding.”** Improved long-
term cognitive development in preterm infants also has been correlated
with the receipt of human milk during hospitalization.”®”” A meta-analysis
of studies in which a multitude of confounding factors were considered
concluded that breastfeeding conferred a benefit to cognitive function
beyond the period of actual breastfeeding in term infants,” although this
remains unresolved.

Maternal Benefits
There are positive effects of breastfeeding for the mother. There is a no-
tion that postpartum weight loss and uterine involution are more rapid in
breastfeeding women than in nonlactating mothers.” Exclusive breastfeed-
ing delays the resumption of normal ovarian cycles and the return of fertility
in most mothers.'” The lowest pregnancy rates are achieved with the
lactational amenorrhea method (LAM) of birth control when the following 3
criteria are met: full breastfeeding (round-the-clock), no resumption of men-
ses, and an infant younger than 6 months.’”* The LAM method is a highly
effective global program, with efficacy rates of 98.5% to 100%.""" As such,
the contraceptive effect of breastfeeding contributes to global child spacing.
Epidemiologic studies have identified a decreased incidence of premeno-
pausal breast cancer in women who have lactated; the greater the dura-
tion of lactation, the lower the odds ratio of developing breast cancer.'®
In addition, similar studies report a decreased incidence of ovarian cancer
in women who have lactated.!®1% There also is speculation that lactation
might protect against the development of osteoporosis.’®* This observation
is of interest, because during lactation, there is a drain on the maternal skel-
eton such that maternal bone density decreases. However, maternal bone
mineralization in the postweaning period is normal, suggesting a catch-up
mineralization.’®'% The adaptations necessary to remineralize the skeleton
possibly have an effect on decreasing the risk of late-onset osteoporosis.
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Societal Effects of Breastfeeding

The economic advantages of breastfeeding can be tangibly calculated at
both personal and national levels. The obvious personal advantage is in the
savings accrued by not buying infant formula. A more meaningful compari-
son is made by computing health care expenditures. The increased rates of
illness in nonbreastfed infants result in more expenses for medical care and,
if the child is ill, expenses arising from parental absence from work.

From the perspective of the national economy, it has been estimated that
it 50% of infants enrolled in the WIC program were breastfed exclusively
for just the first 3 months of life, a savings of approximately $4 million per
month would be realized.’”” These savings would come from a combined
reduction in household expenditure on formula as well as reductions in
expenditures for health care. In addition, it is estimated that significant costs
of health care decrease with every additional month of breastfeeding and
with each month of delay in a mother’s return to work after 3 months.'%
Thus, the societal economic incentives for women to breastfeed are strong
and should be promoted.

Contraindications to Breastfeeding

Few true contraindications to breastfeeding exist. Infants with galactosemia
cannot ingest lactose-containing milk. Therefore, because the principal car-
bohydrate in human milk is lactose, infants with galactosemia should not
breastfeed. Infants with other inborn errors of metabolism may ingest some
human milk, but this recommendation would depend on the desired pro-
tein intake and other factors. Women in the United States who are infected
with human immunodeficiency virus (HIV) and those with human T-cell
lymphotropic virus infection should not breastfeed. Globally, the health
risks of not breastfeeding must be balanced with the risk of HIV acquisi-
tion. Indeed, some studies suggest that short-term exclusive breastfeeding
may decrease maternal-to-child transmission of HIV compared with mixed
feedings. When herpetic lesions are localized to the breast, women should
not breastfeed. However, women with vaginal herpes should be allowed
to breastfeed. Those with varicella lesions on the breast should provide
expressed milk to their infant until their lesions are crusted over, and the
infant should receive varicella immune globulin. Women with miliary
tuberculosis should not breastfeed until they are no longer contagious,
approximately 2 weeks. Women with breast cancer should not delay treat-
ment so they can breastfeed. Depending on the therapy, women receiving
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antimetabolite chemotherapy should not breastfeed.!® Most other medica-
tions are compatible with breastfeeding, or a substitute medication may
exist. Women ingesting drugs of abuse need counseling and should not
breastfeed until they are free of the abused drugs.!”” Mothers with fever or
other minor illness should be permitted to breastfeed.

The Management of Breastfeeding

Prenatal Considerations

The successful management of lactation begins early, before and during
pregnancy.!!%! Prenatal visits provide significant opportunities for the ob-
stetrician to support and encourage breastfeeding. The early breast examina-
tion not only serves to identify potential problems that could affect lacta-
tion but also is an advantageous time to encourage the new mother and let
her know that she should have no problems with breastfeeding. Although
only 11% of pediatricians said that prenatal visits were a part of their office
practice,? prenatal pediatric visits are an ideal time to discuss feeding plans
along with issues of infant care. Because these opportunities before delivery
are limited, breastfeeding education should not wait for a pregnancy. The
function of the mammary gland should be taught in secondary school and
should continue throughout the reproductive life cycle. Then, at the appro-
priate time, prenatal classes should provide further information to facilitate
an informed choice on infant feeding method closer to the time of delivery.

Hospital Issues: Getting Started

The early days of lactation are critical to the establishment of a good milk
supply and effective letdown reflex. The Baby Friendly Hospital Initiative
of the United Nations Children’s Fund (UNICEF) and the World Health
Organization (WHO) outlines 10 steps to ensure breastfeeding success in
the hospital (Table 2.4). Postpartum units must maintain a written policy on
breastfeeding that is communicated to the entire staff. All health care profes-
sionals should be trained in the implementation of this policy. Pregnant
women should be informed of the benefits of breastfeeding. Breastfeeding
should commence within 1 hour of birth unless not indicated medically.
Health care staff must be able to demonstrate appropriate breastfeeding
skills to mothers. Infants should be given nothing but human milk unless
otherwise medically indicated. Mother and infant should not be separated;
they should remain together through the recovery process unless there is

a medical problem requiring separation. Rooming-in for 24 hours per day
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should be practiced to allow unrestricted breastfeeding. Mother and baby
should sleep in close proximity so mother can identify early infant feeding
cues and for ease in handling the infant in the postpartum period.

Table 2.4
Ten Steps to Successful Breastfeeding

Have a written breastfeeding policy that is routinely communicated to all health care
staff.

Train all health care professionals in skills necessary to implement this policy.

Inform all pregnant women about the benefits and management of breastfeeding.

Help mothers initiate breastfeeding within 1 hour of birth.

Show mothers how to breastfeed and how to maintain lactation even if they should
be separated from their infants.

Give newborn infants no food or drink other than human milk, unless medically
indicated.

Practice rooming-in—allow mothers and infants to remain together 24 hours a day.

Encourage breastfeeding on demand.

Give no artificial teats or pacifiers to breastfeeding infants.

Foster the establishment of breastfeeding support groups and refer mothers to them
on discharge from the hospital or clinic, and give each mother a phone number to call
for breastfeeding assistance.

Adapted from American Academy of Pediatrics and American College of Obstetricians and Gynecologists.
Peripartum care: the transition to lactation. In: Breastfeeding Handbook for Physicians. Elk Grove Village, IL:
American Academy of Pediatrics; 2006:67-80°

Early initiation of breastfeeding within the first hour after birth should
be practiced unless the medical condition of the mother or infant indicates
otherwise. Although infant identification bands are essential immediately
after delivery, eye prophylaxis, vitamin K administration, glucose monitor-
ing, weighing, and other procedures can be postponed until after the first
latch-on/breastfeeding has been achieved.

Hospital staff should evaluate breastfeeding formally at least once per
nursing shift and document their findings in the medical record. Families
should have access to knowledgeable information on breastfeeding. All
breastfed infants should be seen by a knowledgeable health care profes-
sional at 3 to 5 days of age to avoid potential problems of dehydration and
severe jaundice. Each hospital should establish breastfeeding support groups
or work with organized community support groups so that families have a
resource on leaving the hospital.
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Mechanics of Breastfeeding

Positioning

There are many different positions for the nursing mother to use, but
regardless of position, she should be comfortable. Pillows and footstools
may provide assistance. The baby should be positioned so that the head,
shoulders, and hips are in alignment and the infant faces the mother’s
body. The “football” or “clutch” and “side-lying” positions may provide an
advantage for mothers who have undergone cesarean delivery by avoiding
contact with the surgical incision. The football or clutch position often is
used for preterm infants or those with low birth weight or infants having
trouble latching on, because it allows for good control of the infant’s head
and good visibility of the infant’s mouth on the breast. No matter which
position is used, it is important to avoid pushing on the back of the infant’s
head, because doing so may cause the infant to arch away from the breast.
To ensure proper latch-on, the infant should be held so that the mouth is
opposite the mother’s nipple and the neck is slightly extended, with the
head, shoulders, and hips in alignment. Proper latch-on is facilitated if the
breast is supported with 4 fingers underneath and the thumb on top or by a
scissor-hold. The infant must open his or her mouth wide, grasp the entire
nipple and as much of the areola as comfortably possible (about 1 to 2
inches from the base of the nipple), and draw it into the mouth. If the infant
is well positioned, the nose and chin will touch the breast, and the lips will
be flanged outward around the breast tissue. The infant’s tongue compresses
the lactiferous sinuses beneath the areola against the hard palate. When the
infant is latched correctly, the mother will feel a gentle undulating motion
but no pain with each suck.

Frequency

Beginning in the first 24 hours after birth, the newborn infant should breast-
feed 8 to 12 times or more every 24 hours, usually for 10 to 15 minutes

per breast. Frequent breastfeeding in the first few days minimizes postnatal
weight loss, decreases bilirubin concentrations, and helps establish a good
milk supply. Although every 1.5 to 3 hours is the average, there is a great
deal of variation from infant to infant and day to day. Human milk empties
from the stomach faster than does formula. Without anticipatory guidance,
new mothers often compare their infants to bottle-fed infants and misinter-
pret the normal frequency of breastfeeding to mean that they have insuf-
ficient milk. As infants get older, they breastfeed more efficiently, and the
frequency and duration of feedings decrease. Many new parents expect their
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baby to cry when hungry, but they need to be informed that crying is a late
sign of hunger and can result in an infant who is difficult to calm and latch
to the breast.

Supplements

There is no reason to provide supplements for a breastfeeding newborn
infant who is otherwise healthy. Supplemental fluids are likely to interfere
in the process of successful initiation of breastfeeding by the mother and
newborn infant. If the appetite or the sucking response is partially satiated
by water or formula, the infant will take less from the breast, causing dimin-
ished milk production, which may lead to lactation failure. Water and glu-
cose water supplements may exacerbate hyperbilirubinemia, because they
prevent adequate milk (calorie) intake and gastrocolic stimulation. However,
if there are medical reasons for supplementation, milk (either as the mother’s
expressed milk, pasteurized donor human milk, or infant formula) should be
used; glucose water or sterile water should not be used. The use of paci-
fiers in the early breastfeeding period has been shown to be associated with
shorter breastfeeding duration and should be avoided until after breastfeed-
ing is well established. As discussed previously, all infants require vitamin K
after birth, a supplement of vitamin D beginning in the first few days, and a
supplement of iron beginning in the first few months of life.

Assessment of the Breastfeeding Infant

History

The birth history, gestational age assessment, and birth weight should

be reviewed. Risk factors that might herald lactation problems should be
queried, such as low birth weight, preterm birth (<37 weeks’ gestation),
multiple gestation, persistently sleepy infant, medical problems (jaundice,
hypoglycemia, respiratory distress, infection, neurologic problems, genetic
syndromes), difficulty latching on or ineffective/unsustained suckling, oral
anatomic abnormalities (cleft lip/palate, micrognathia, macroglossia), or
excessive infant weight loss. A history of formula supplementation, effective
breastfeeding not established by hospital discharge, early discharge from
hospital, and/or early pacifier use also might raise concerns about potential
breastfeeding issues.

Hydration Status

The most accurate appraisal of the adequacy of breastfeeding is the serial
measurement of the infant’s naked weight. Nearly all infants lose weight
for the first few days after birth. Infants who are feeding well should not
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continue to lose weight after the completion of lactogenesis stage 2 (days 2
through 4). When lactogenesis and milk transfer are proceeding normally,

a weight loss greater than 7% of birth weight may be excessive, and if
present, milk production and transfer must be assessed. Once lactogenesis
stage 2 is completed, an infant who did not lose excessive weight and who
is nursing effectively should obtain enough milk to begin gaining weight by
day 4 or 5 at a rate of approximately 15 to 30 g per day. At this rate, most
breastfed infants will exceed their birth weight by 10 to 14 days and gain
150 to 210 g per week for the first 2 months. A breastfed infant who weighs
less than his or her birth weight at 2 weeks of age requires evaluation and
intervention.

Elimination patterns, such as voiding and stooling, also serve as indica-
tors of the adequacy of milk intake. A journal kept by the mother recording
feeding and elimination by the infant in the first few weeks can be help-
ful. The number of voids increases from 1 in the first 24 hours, to 2 or 3 in
the second 24 hours, 4 to 6 during the third and fourth days, to 6 to 8 on
day 5 and thereafter. Stool output and character also change and increase.
There usually is 1 meconium stool in the first 24 hours and 1 the next day.
The normal green-black meconium stool should change to transitional dark
green on day 3, then lighter transitional green on day 4. By 5 to 7 days of
age, well-nourished breastfed infants usually pass a medium-sized yellow
stool at least 3 to 4 times a day. Some infants pass stool after most feedings.
Anticipatory guidance is helpful, because stools of the normal breastfed
newborn infant may be loose and may be confused with diarrhea if par-
ents are accustomed to seeing the firm brown stools typical of formula-fed
infants. After the first month, the volume of each stool increases and the
frequency decreases. Insufficient milk intake in an infant older than 5 days
of age may be signaled by the presence of meconium stools, green-brown
transitional stools, infrequent (less than 3 per day) stools, or scant stools.

Physical Examination

The examination includes vital signs, growth percentiles, and percent weight
change from birth and a more detailed oral-motor examination (mandible
size, frenulum, rooting, sucking). The presence of congenital anomalies and
overall tone should be noted. Breastfeeding should be observed to evaluate
infant positioning at the breast, the ability of infant to latch on, quality of
latch, milk letdown, presence of audible swallowing, characteristics of the
anatomy and physiology of the nipple, maternal responses, and whether the
health care professional needs to provide assistance with feeding.
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Maternal Breastfeeding Issues

Nipple Pain

Sore nipples are the most common complaint of breastfeeding mothers in
the immediate postpartum period. Early, mild nipple discomfort is common
among breastfeeding women. Severe nipple pain, the presence of cracks and
skin lesions, pain that continues throughout a feeding, or pain that is not
improving at the end of the first week should not be considered a normal
part of breastfeeding. Improper breastfeeding technique—specifically, poor
position and improper latch—is the most common cause of nipple pain in
the immediate postpartum period. Limited milk transfer occurs when the in-
fant is attached incorrectly, resulting in poor infant weight gain and impaired
milk production. Other potential causes of nipple pain include sources of
trauma that produce cracking, such as breast care rituals (eg, overzealous
breast cleansing), failing to release suction before removing the infant from
the breast, climate variables, and unique skin sensitivity. Treatment for
nipple pain depends on the underlying etiology. Skilled help with position
and latch-on are primary interventions. If severe trauma exists, it may be
necessary either to manually or mechanically express milk until the tissue
has healed. Nipple healing might be hastened if a small amount of milk is
applied to the area after a feeding. Sore nipples resulting from fungal infec-
tions, such as candidiasis, are not uncommon later in the postpartum period.

Engorgement

Physiological breast fullness occurs as a result of vascular congestion during
lactogenesis stage 2. Pathologic engorgement is the firm, diffuse, and painful
overfilling and edema of breasts, usually caused by infrequent or ineffective
milk removal. The best treatment of engorgement is prevention by frequent
breastfeeding. If left untreated, engorgement may lead to difficulties in latch-
on and to mastitis. Engorgement should not be confused with a plugged
milk duct, which can result in a localized lump in one area of the breast.

Mastitis

As a single area of localized warmth, tenderness, edema, and erythema in
one breast more than 10 days after delivery, mastitis may present with a
sudden onset of breast pain, myalgia, and fever, or with flu-like symptoms
such as fatigue, nausea, vomiting, and headache. The infection commonly
enters through a break in the skin, usually a cracked nipple. However, milk
stasis and congestion from engorgement or obstruction from plugged ducts
also can lead to mastitis. The treatment of mastitis includes administration
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of antimicrobial agents and continuation of breastfeeding with frequent
feeding (or pumping) to allow the drainage of the affected breast. Additional
therapy includes the encouragement of fluid intake, rest, and pain control.

Neonatal Issues and Breastfeeding

Hypoglycemia

The risk of hypoglycemia may be reduced by immediate and sustained
mother-infant skin-to-skin contact and early initiation of breastfeeding.
Blood glucose concentrations reach a nadir 1 to 2 hours after birth. An adap-
tive response to low blood glucose concentrations in breastfed infants is an
increased concentration of ketone bodies and other substrates, which act

as alternate fuels for the infant until breastfeeding is established. Infants of
mothers with diabetes, infants who are small for gestational age, and pre-
term infants are the common subgroups of infants at risk of hypoglycemia.
Thus, routine monitoring of blood glucose concentration in asymptomatic,
not-at-risk, term neonates is unnecessary. In general, healthy, term breast-
fed neonates do not develop symptomatic hypoglycemia. If they develop
symptomatic hypoglycemia, an underlying illness must be excluded. Serial
monitoring does not preclude routine breastfeeding. The intervention for
hypoglycemia in an asymptomatic breastfed infant is to breastfeed and re-
check the blood glucose concentration before the next feeding. If breastfeed-
ing alone cannot correct and maintain an appropriate blood glucose concen-
tration, expressed human milk or formula should be offered. Symptomatic
hypoglycemia requires treatment with intravenous glucose.

Inadequate Mill Intake

Insufficient milk syndrome refers to failure of mother’s milk production,
either primary or secondary. Because most infants leave the hospital around
48 hours after birth, insufficient milk intake and dehydration are problems
that may be seen in follow-up. Dehydration, hypernatremia, and hyperbili-
rubinemia result from insufficient milk intake but can be prevented with ap-
propriate interventions. The infant with an insufficient milk intake may have
delayed stool output, decreased urinary output, weight loss greater than 7%
of birth weight, jaundice, and hunger, crying, or lethargy.

Causes of insufficient milk intake may be related either to failure of the
mother to produce milk or failure of the infant to extract milk. Although
primary lactation failure is rare (and often heralded by a lack of breast
growth during pregnancy), delayed lactogenesis stage 2 may be the result of
maternal conditions, such as retained placental fragments, primary pituitary
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insufficiency, diabetes, or previous breast surgery. Insufficient milk supply
more commonly is caused by inappropriate early feeding routines, including
infrequent feeding, maternal-infant separation, or use of supplements. Oc-
casionally, an infant with oral-motor abnormalities or neurologic problems
may not be able to extract milk effectively, leading to a gradual decrease in
milk supply. Preterm infants, especially “late preterm” infants (born between
34 0/7 and 36 6/7 weeks of gestation), particularly are at risk of insufficient
milk intake. Any factor that limits milk removal may result in diminished
milk synthesis, because local factors in the breast govern milk production.

A review of the perinatal history may identify maternal and/or infant fac-
tors that predispose to insufficient milk syndrome. A significant predictor of
insufficient milk syndrome is a mother whose breasts did not enlarge during
pregnancy or do not become full by 5 days after birth. Direct observation of
breastfeeding may reveal anatomical abnormalities, improper latch, improp-
er positioning, or inadequate infant effort. Manual milk expression or me-
chanical milk expression techniques may be needed to ascertain total milk
volume before feeding or residual milk volume in the breast after a feeding.
If the residual milk volume is high (greater than 30 mL), it may be a reason
for concern. The major goal in management is to increase milk production
and milk transfer. The primary management depends on the cause but usu-
ally involves increasing the frequency and effectiveness of breastfeeding.
Mothers also may need to mechanically express milk after each breastfeed-
ing to increase stimulation and breast drainage. Insufficient milk is a primary
reason for supplementation of the breastfed infant.

Jaundice
The association between breastfeeding and jaundice is observed in 2 distinct
entities: breastfeeding jaundice and breast milk jaundice.

Breastfeeding Jaundice: Severe jaundice is the most common reason
for readmission of near-term and term infants, many of whom are breast-
fed. Insufficient milk production, discussed previously, often is the major
contributing factor to breastfeeding jaundice. Severe jaundice may be part
of the clinical picture of the dehydrated, malnourished breastfed infant in
the first week after birth. Many infants with severe hyperbilirubinemia and/
or kernicterus are near-term breastfed infants."'>13 In their first week, such
infants with breastfeeding jaundice have increasing total serum unconju-
gated bilirubin (TSB) concentrations and poor intake of breast milk. Usually,
the history reveals decreased maternal milk production and/or poor milk
intake by the infant. Dehydration, weight loss, failure to gain weight, and/or
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hypernatremia also may be observed.!* Late preterm infants (born between
34 0/7 and 36 6/7 weeks of gestation) have been noted to be at particularly
high risk of developing kernicterus, especially if breastfeeding.!® Clinicians
cannot assume that these infants feed like term infants. In the hospital,
these infants seem to feed adequately, because milk production has not
maximized. Once home, as milk production increases, late preterm infants
may not be capable of ingesting larger volumes. Thus, they often have more
breastfeeding problems and also have less well-developed hepatic mecha-
nisms for disposal of bilirubin. Closer observation is indicated, and slightly
lower concentrations of bilirubin may indicate need for intervention.

Breastfed infants with an insufficient milk intake early in their first week
may have an increase in TSB concentration as a result of an exaggerated en-
terohepatic circulation of bilirubin. Lack of milk leads to intestinal milk stasis
and intestinal action of glucuronidase enzymes to cleave conjugated biliru-
bin to unconjugated bilirubin, which readily is reabsorbed. This entity also
is known as breast-nonfeeding jaundice, because it is similar to starvation
jaundice in adults. The evaluation and treatment of these infants are similar
to those for infants with mothers with insufficient milk syndrome. TSB and
conjugated bilirubin concentrations should be monitored serially. Other
causes of jaundice (hemolytic, infection, metabolic) should be considered to
ensure optimal overall management. A good milk supply must be estab-
lished. Breastfed infants should follow the same criteria for intervention as
formula-fed infants as recommended by the AAP.!6 Breastfed infants usually
may continue to receive breast milk if phototherapy is initiated. A plot of
serum bilirubin concentration on a bilirubin nomogram before hospital dis-
charge is helptul to predict future risk. The follow-up for all breastfed infants
on the third to fifth day after birth to assess general health and breastfeeding
competency and the presence of jaundice is important to prevent the most
serious consequences of breastfeeding jaundice.!

Breast Milk Jaundice: In many breastfed infants, TSB concentrations
remain high, and in a few infants, this may last for as long as 6 to 12 weeks.
In formula-fed infants, serum bilirubin concentration decreases, reaching a
value of less than 1.5 mg/dL by the 11% or 12% day after birth. In contrast,
by week 3, 65% of normal, thriving breastfed infants have serum bilirubin
concentrations above 1.5 mg/dL, and 30% will be clinically jaundiced. It has
been suggested that the high serum bilirubin concentration may be protec-
tive against oxidative injury, because it has been shown to be an effective
antioxidant in vitro. Because this is a normal response to breastfeeding,
other than jaundice, the infants appear healthy and are thriving. The results
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of the physical examination are normal and the infants are growing nor-
mally. Mature human milk contains an unidentified factor that enhances the
intestinal absorption of bilirubin, resulting in jaundice. As the production of
the factor diminishes over time and the liver matures, the serum bilirubin
concentration eventually returns to normal. The infant may be evaluated to
ensure that no other causes of prolonged unconjugated hyperbilirubinemia
(galactosemia, hypothyroidism, urinary tract infection, pyloric stenosis, low-
grade hemolysis) are present. These etiologies may be identified on new-
born screening or from the hospital records and physical examination. The
TSB concentration should be measured if the clinical examination indicates
a high concentration. The unconjugated and conjugated bilirubin concentra-
tions should be monitored if jaundice persists for more than 3 weeks.

Breastfeeding should be continued. Parents should be reassured. A
persistently high serum bilirubin concentration may necessitate a diagnostic
challenge by interrupting breastfeeding for 24 to 48 hours. After interruption
of breastfeeding, the serum bilirubin concentration will decrease markedly
and not increase to previous concentrations with resumption of breastfeed-
ing. If breastfeeding is interrupted, the mother should be encouraged and
helped to maintain her milk supply. The mother may be reluctant to resume
breastfeeding because of the association between breastfeeding and jaun-
dice. Positive attitudes of health care professionals and assurance that this
will not occur later may avoid termination of breastfeeding.

Growth of the Breastfed Infant
The rate of weight gain of the population of breastfed infants may differ
from that of infants fed formula after 3 months of age.!”!!® Several factors
might explain these differences; most notably is that the growth charts used
in the comparison were derived from infants predominantly fed formula.!*
Several studies have concluded that the pattern of growth of the population
of breastfed infants should be considered the norm.!'®'?° Indeed, breastfed
infants regulate their energy intakes at lower levels than formula-fed in-
fants.""” Body temperature and minimal observable metabolic rates are lower
in breastfed than formula-fed infants.*” Thus, it is argued that the increased
weight gain in formula-fed infants is excessive and that no deleterious out-
comes are associated with a slower rate of weight gain in breastfed infants.
The WHO recently published a new international growth reference based
on the growth of healthy breastfed infants throughout the first year of life
(see Appendix D).'*? The new WHO Child Growth Standards (http://www.
who.int/childgrowth/) are the result of an intensive global study initiated by
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the WHO in 1997 to develop a new international measurement tool for chil-
dren from birth to 5 years of age. More than 8000 children from 6 countries
(Brazil, Ghana, India, Norway, Oman, and the United States) representing all
regions of the world were involved. The participating children were selected
on the basis of criteria for optimum environments for healthy development,
including healthy feeding practices (specifically, breastfeeding and good
complementary feeding), good health care (including vaccinations/immuni-
zations), and mothers who did not smoke. The standards are based on the
breastfed infant as the normative growth model.

Since the late 1970s, the US National Center for Health Statistics
(NCHS)/WHO growth reference has been used. This reference describes
how children grow in a particular region and time and is based on data from
a limited sample of children from the United States, some of whom were
breastfed and others who were fed formula. Since the new WHO standards
include only breastfed babies, the shape of the growth curve is slightly dif-
ferent: it shows leaner infants, who grow to be slightly taller in later months
than if they had been measured on the old references.

The WHO and UNICEEF jointly developed the Global Strategy for Infant
and Young Child Feeding®* in 2003 as a guide for countries to develop policies
addressing feeding practices and the nutritional status, growth, health, and
therefore, the very survival of infants and children. The strategy states that
breastfeeding is an unequalled way of providing ideal food for the healthy
growth and development of infants. It recommends that infants should be
exclusively breastfed for the first 6 months of life to achieve optimal growth,
development, and health. Thereafter, to meet their evolving nutritional
requirements, they should receive adequate and safe complementary foods
while breastfeeding continues up to 2 years or beyond.

For the individual infant, clinicians occasionally are in doubt about when
to intervene if a breastfed infant is not gaining adequate weight.'”® A new-
born infant younger than 2 weeks whose weight is more than 10% below
birth weight should be evaluated. An older infant who fails to regain birth
weight by 2 weeks of age or is not gaining a minimum of 20 grams per day
should be evaluated. An infant with faltering growth, when the weight-for-
age (or weight-for-length) is less than 2 standard deviations below the mean
or weight-for-age crosses more than 2 percentile channels downward on the
growth chart, should be evaluated. Assessments of milk supply and intake,
appropriateness of complementary foods, and the feeding environment all are
part of the evaluation of the infant with slow weight gain or faltering growth.
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Collection and Storage of Human Milk

There are many instances when mothers will be separated from their in-
fants, and prior knowledge of this separation allows them to select methods
to express and store their milk for future use. Return to work or school,
illness, and hospitalization are some of the common reasons encountered
by mothers who wish to learn about the methods for milk collection and
storage. General techniques for ensuring cleanliness during milk expression
begin with good hand washing with soap and water. Electric breast pumps
generally are more effective than mechanical pumps or manual expression.
Bicycle horn-type hand pumps may cause breast trauma and contamination
of milk and should not be used. Many mothers find the double-collecting
kits that enable simultaneous breast pumping from both breasts more ef-
ficient for milk expression. Collection kits should be rinsed, cleaned with
hot soapy water, and dried in the air. Dishwasher cleaning is also adequate.
Glass or hard plastic containers should be used for milk storage. Bacteriolog-
ic testing may not be necessary for milk collected for feeding to a mother’s
own infant unless caregivers suspect that the technique for milk collection
is not optimal. Milk to be fed within 3 days of collection can be refrigerated
without significant bacterial proliferation.

Freezing is the preferred method of storing milk that will not be fed
within 72 hours. Single-milk expressions should be packaged separately for
freezing and labeled with the date (and name of the infantif the infant is
cared for in a child care center or hospital). Unlike heat treatment, freezing
preserves many of the nutritional and immunologic benefits of human milk.
When frozen appropriately, milk can be stored for as long as 3 to 6 months.
Milk should be thawed rapidly, usually by holding the container under
running tepid (not hot) water. Milk should never be thawed in a microwave
oven. After milk is thawed, it should not be refrozen. Thawed milk should
be used completely within 24 hours.

Preterm Infants

Electric breast pumps enable optimal milk production for mothers separated
from their hospitalized infants. Mothers should maintain a milk pumping
frequency of 6 to 8 times per day to achieve and maintain their milk pro-
duction. Preterm infants weighing less than 1500 g at birth should be given
a human milk fortifier, a multinutrient supplement designed to meet their
nutritional needs. This fortifier can be added once the preterm infant is toler-
ating tube feeding of approximately 100 mL/kg per day. The fortifier should
be continued until the infant has achieved all oral feedings or a body weight
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of 1800 g or is near the time of discharge from the hospital. Subsequently,
the infant may be fed unfortified breast milk. Because human milk is not
homogenized, the fat will separate from the milk on standing. Efforts should
be made to ensure that the separated fat is not left behind when the milk is
fed. To ensure the best delivery of fat when continuous tube-feeding meth-
ods are used, the feeding syringe should be oriented with the tip upright,
the syringe emptied completely after each use, and the shortest amount of
tubing used.

Donor Human Milk

A variety of bacteria, bacterial toxins, and viruses, such as rubella, cytomega-
lovirus, and hepatitis B and C, may be transmitted by breastfeeding, but
generally, mothers also pass along antibodies to their infant through milk
and via the placenta. However, in some situations, such as with HIV, the
milk may infect the infant directly. The transmission of disease, therefore, is
even more of a concern if milk is given to another mother’s infant, namely, as
donor human milk. The possibility that maternal T-lymphocytes may be ab-
sorbed intact through the gastrointestinal tract of newborn infants also raises
theoretic questions about the safety of feeding fresh (unfrozen or unheated)
human milk from a mother other than the infant’s own. Standards have been
published by the Human Milk Banking Association of North America.?*

For these reasons, human milk banks processing pooled milk from multiple
donors use pasteurization methods to avoid disease transmission.

Conclusion
Strong evidence now demonstrates that breastfeeding is associated with
lower rates of infectious illness during infancy in developing and indus-
trialized countries. Of particular importance, exclusive breastfeeding for 6
months is associated with one third the risk of developing otitis media and
half the risk of having a wheezing illness during the first 6 months of life.
Indications exist that breastfeeding may have some long-term effects on in-
fant health and development, although the mechanisms behind these effects
are unknown. Research continues to identify components of human milk
to which these findings could be attributed, including bioactive factors with
immunologic and/or growth-promoting properties. Unfortunately, substan-
tial improvements must occur in breastfeeding rates, particularly among the
groups that suffer most from infant morbidity.

Health care professionals are uniquely situated to influence women in
their decision to breastfeed. Discussing the benefits of breastfeeding permits
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the mother to make an informed choice. In addition, health care profes-
sionals should be prepared to assist in the management of breastfeeding
problems and in the logistics of breastfeeding. For many women, physician
support of breastfeeding is critical to their success in providing the best pos-
sible means of nourishing and nurturing their infants.
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Formula Feeding of Term Infants

General Considerations

In the absence of human milk, iron-fortified infant formulas are the most
appropriate substitutes for feeding healthy, full-term infants during the first
year of life. Although infant formulas do not duplicate the composition of
human milk, formulas are continuously improved as new nutritional infor-
mation, ingredients, and technology become available. When used as the
sole source of nourishment during the first 6 months of life, infant formulas
meet all the energy and nutrient requirements of healthy, term infants. After
6 months of age, formulas complement the increasing variety of solid foods
in the diet and continue to supply a significant part of the infant’s nutritional
requirements.’?

Rates of Breastfeeding and Formula Feeding

A survey in 2004 found that approximately 65% of all infants born in the
United States are initially breastfed in hospital.® This represents a decrease
from a peak of 70% in 2002. Breastfeeding initiation rates are highest among
women who are 25 years or older, are white, have had at least some college
education, are relatively affluent, and live in the western United States. The
lowest rates of breastfeeding are among black mothers who are younger
than 20 years and mothers who have lower incomes or live in the south-
eastern United States.3* Breastfeeding initiation rates do not differ between
women who are employed (full- or part-time) and those who are unem-
ployed, although employment status does affect length of breastfeeding,

as might be expected. The percentage of infants who are still breastfed at 6
months of age is approximately 32%. Approximately 80% of infants are fed
an infant formula or some form of whole cow milk by 1 year of age.® Thus,
commercial infant formulas are widely available and play a substantial role
in meeting the nutritional needs of infants in the United States. Because of
concern that mothers may choose not to initiate breastfeeding or may stop
prematurely, the American Academy of Pediatrics and other organizations
have expressed disapproval of direct advertising of infant formula to the
general public. Such advertising runs counter to the World Health Organiza-
tion “International Code of Marketing of Breastmilk Substitutes,” to which
the United States is not a signatory.
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Indications for the Use of Infant Formula

There are 3 indications for the use of infant formulas: (1) as a substitute

(or supplement) for human milk in infants whose mothers choose not to
breastfeed (or not to do so exclusively); (2) as a substitute for human milk
in infants for whom breastfeeding is medically contraindicated (eg, some
inborn errors of metabolism); and (3) as a supplement for breastfed infants
whose intake of human milk is inadequate to support adequate weight gain.
In these cases, supplementation should be instituted only after attempts

to increase milk supply have proven ineffective, because the introduction
of formula will lead to a decrease in milk supply. Because of the benefi-

cial properties of human milk, mothers should be encouraged to continue
breastfeeding even if formula is used as a supplement. All of the currently
available infant formulas have been tested in 3- to 4-month growth and tol-
erance studies and are proven to provide adequate nutrition to the healthy
infant when used exclusively for the first 4 to 6 months of life.

History of Infant Formula Development

Feeding the weaned infant has been a problem for centuries, and often,
“wet nurses” or the unaltered milks of cows and other animals were used.
The first scientific comparison of the composition of human milk and cow
milk was published in 1838. After that study was published, several, often
complicated, systems of altering cow milk to make it more suitable for
infant feeding were developed. In 1919, Gerstenberger published a report
on his 3-year experience with a cow milk formula, “synthetic milk adapted,
which had levels of protein, fat, and carbohydrate similar to human milk.
Commercially produced formulas soon followed.>® Nevertheless, for many
years, infant formulas were predominantly prepared in the home using

”

whole or evaporated cow milk, corn syrup, and water. The protein content
of these formulas was much higher than that found in human milk. The
fat largely comprised saturated fatty acids, which are poorly absorbed by
young infants, and small amounts of the essential fatty acids. The carbohy-
drate content was a mixture of lactose and the added corn syrup (dextrins,
glucose polymers). Vitamins needed to be supplemented separately. The
composition of infant formulas has evolved considerably over the ensuing
years. Each of the macronutrients (protein, fat, and carbohydrate) has been
modified in currently available preparations to approximate more closely
the composition of human milk. Ongoing research continues to improve the
nutritional quality of formulas.
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Rationale for Development of Current Infant Formulas
Although the composition of human milk provides a basis for the com-
position of infant formulas, formulas do not duplicate the composition
of human milk for several reasons. First, human milk contains a number
of components, such as hormones, growth factors, antibodies, enzymes,
and live cells, that are difficult, if not impossible, to add to infant formula.
Second, infant formulas are made from cow milk and other ingredients,
which often provide nutrients that are dissimilar in chemical form and
composition to the corresponding nutrients in human milk. For example,
although the whey-to-casein ratio of cow milk-based infant formulas can
be adjusted to approximate that of human milk, the types of whey and
casein proteins in cow milk and their amino acid compositions are not the
same as those found in human milk. Third, whereas human milk is usually
consumed within hours of being produced, infant formulas are heat-treated
and must have long shelf lives, generally at least 1 year. All of these consid-
erations make it impossible to duplicate the composition of human milk.
Additionally, the bioavailability of some nutrients in infant formula may
be lower than that of the nutrients in human milk. Increasingly in recent
years, because of the inability to match the composition of human milk per
se, the development of infant formulas has focused on trying to duplicate
the growth, physiological, and developmental outcomes of the breastfed
infant through formula feeding. This requires a different approach to infant
formula research and development and increases the reliance on the results
of randomized clinical trials rather than on compositional similarity.”
Regulatory agencies have implicitly recognized that infant formulas
should not be identical in composition to human milk. In the United States,
for example, the standards for nutrient concentrations in infant formulas
(see Appendix E) are specified by the Infant Formula Act of 1980 (Pub L No.
96-359), which was amended in 1986 (Pub L No. 99-570). This act estab-
lished the minimum levels of 29 nutrients and the maximum levels of 9. In
the case of 19 nutrients, the minimum amount required in infant formula
is above the average level found in human milk. Both branded and generic
formulas are available. Although all formulas must meet the requirements
set forth in the Infant Formula Act, the composition of branded and ge-
neric formulas may differ qualitatively and quantitatively within the ranges
allowed by the law.
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Available Forms of Infant Formula

Infant formulas are available in 3 forms: ready-to-feed, concentrated liquid,
and powder. The different forms of a given product are nearly identical in
nutrient composition, but small differences may exist for technical reasons.
Ready-to-feed formulas for healthy, full-term infants provide 20 kcal/fluid
ounce (i oz) and approximately 670 kcal/L and are available principally in
32-f oz containers and also in smaller-volume packages, depending on the
product and manufacturer. Concentrated liquid products are available in
13- oz cans and, when diluted with equal amounts of water, yield 26 fl oz
of standard 20-kcal/fl oz formula. Powder products are most often found in
12.9-0z and 25.7-0z cans. Depending on the manufacturer, when prepared
according to instructions, the 12.9-o0z can yields approximately 94 to 96

fl oz and the larger can yields approximately 188 to 190 l oz of standard
formula. Some powder products also are available in packages of single-
serving packets.

Infant Formula Labels

The Infant Formula Act requires the manufacturer to ensure by analysis the
amount of all 29 essential nutrients in each batch of formula and to make a
quantitative declaration for each nutrient on the label. In the United States,
this “label claim” for the amount of each nutrient is the minimum amount
of the nutrient that will be present in the formula at the end of shelf life.

It is not the average amount of the nutrient in the formula, as is commonly
thought and is the case in many other countries. Thus, the actual content of
a given nutrient in a formula will always be higher than the level declared
on the label. Consequently, health care professionals who need to prescribe
carefully defined diets based on infant formulas are advised to contact
manufacturers to obtain the average or typical amounts of the nutrient(s) of
interest in the formula being used. Among other requirements of the Infant
Formula Act, all labels must have detailed mixing instructions, which may
differ among manufacturers’ products and should be followed for the spe-
cific formula being used.

* This is especially important for some vitamins. Although some vitamins degrade very little over shelf life
(eg, vitamin K), others, such as riboflavin, vitamin B,,, and vitamin C, are subject to considerable loss.
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Safe Preparation of Infant Formula

All infant formulas must be manufactured in adherence to good manufac-
turing practices, and all production facilities are inspected at least annually
by the US Food and Drug Administration (FDA). Ready-to-feed and con-
centrated liquid products are commercially sterile—that is, they contain

no pathogenic organisms. (Liquid products may contain small numbers

of nonpathogenic organisms that are capable of growing only at very

high temperatures—so-called thermophiles—that may spoil the formula).
Although powder products are heat-treated during manufacture and must
meet strict standards regarding amounts of pathogenic organisms, they are
not completely sterile and, in rare cases, may contain pathogenic organisms.
Of recent concern has been the occasional presence of Enterobacter sakazakii
in some powder infant formulas. This opportunistic organism has been the
sporadic cause of severe infections in preterm infants in the early months
of life and in other immunocompromised infants. For this reason, powder
infant formulas generally are not recommended for these infants.

Careful preparation and handling of infant formulas are important to
ensure their safety. Ready-to-feed formula should be shaken before being
poured into the bottle to resuspend any mineral sediment that may have
settled during storage. The normal preparation of formula from concentrated
liquid products requires dilution with an equal volume of water; concentrat-
ed liquids also should be shaken before being mixed. In preparing formula
from powder products, it is important to adhere closely to the manufacturers’
instructions on the label; most powders of standard formulas are mixed using
1 level, unpacked scoop of powder per 2 l oz of water. It is important to use
the scoop provided by the manufacturer with the specific product and not
rely on standard measuring spoons or scoops from other products, because
powders from different manufacturers provide slightly different amounts of
nutrients per unit of volume, and scoop sizes will vary accordingly.

For special feeding situations, both powders and concentrated liquids can
be reconstituted to provide formulas with more than the standard 20 kcal/
fl oz. Concentrated liquid products from all manufacturers contain 40 kecal/fl
oz; consequently, the same instructions for preparation of more-concentrated
formula from concentrated liquid can be used for all. These mixing instruc-
tions are shown in Appendix F, Table F-1. As mentioned previously, because
powders differ among manufacturers, a single approach cannot safely be used
for all powder products. Instructions for preparation of more-concentrated
formulas from powder should be obtained from the manufacturer. In some
instances, instructions may be available on the manufacturers’ Web sites.
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All formulas need to be prepared in clean containers and fed from clean
bottles with clean nipples. In most cases, it is not necessary to sterilize
bottles (or nipples) before mixing formula in them, especially if they have
been washed in a dishwasher. Ready-to-feed formula can be poured into the
bottle and fed immediately. Formula from concentrated liquid or powder
can be prepared in individual bottles just before each feeding or in larger
quantities in a clean container before transferring the desired amounts to
individual bottles. In the latter case, use of a blender is specifically advised
against. In all cases, safe, potable water needs to be used (see next para-
graph). Although there are few recent data, terminal sterilization of formulas
in the home seems to be performed far less frequently than in the past,
possibly because of the improved level of hygiene in most homes and the
practice of preparing single bottles just before feeding. The apparent aban-
donment of terminal sterilization increases the importance of cleanliness
during preparation.

“Safe, potable water” implies that the water is both free of microorgan-
isms capable of causing disease and low in minerals that may be detrimen-
tal. Municipal water supplies are generally free of pathogenic microorgan-
isms. Well water needs to be tested regularly. In some cases, the use of
bottled water may be the best alternative. In all cases, water to be used for
preparation should be brought to a rolling boil for 1 minute; longer boiling
may concentrate minerals to an undesirable degree. Instructions from most
manufacturers suggest allowing the water to cool to at least 38°C (approxi-
mately 100°F) and using cool water to prepare formula. Recently, after a
meeting of an expert group in 2004, the Food and Agriculture Organization
of the United Nations and the World Health Organization recommended
that powder formula be prepared with water that is at least 70°C (approx
158°F) to decrease the risk of infection with E sakazakii. Their data sug-
gested that this approach could result in as much as a 4-log decrease in the
concentrations of E sakazakii® This recommendation has since been adopted
and promulgated by other groups. A temperature of 70°C implies cooling
water after boiling for no more than 30 minutes before it is used. It should
be noted, however, that use of water at this temperature can cause major de-
creases in the concentrations of certain heat-labile nutrients, notably vitamin
C; the concentrations of heat-labile nutrients in current powder formulas
were formulated on the assumption of using cooler water for preparation,
before these recommendations were made. Parents may also complain that
the use of excessively hot water causes clumping of the formula. There is
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no reason not to allow water to cool fully after boiling when reconstituting
concentrated liquid.

Municipal water supplies may contain variable concentrations of miner-
als, including fluoride, depending on the source; well water may contain
high concentrations of fluoride as well as other minerals, such as copper.
(Formulas prepared with well water with very high concentrations of cop-
per have been reported to cause hepatotoxicity.) Infant formulas are pro-
duced with defluoridated water, but some of the other ingredients naturally
contain fluoride. Fluoride is not specifically added during manufacturing. It
has been recommended that the concentration of fluoride in formula be less
than 60 to 100 ug/100 kcal (400-670 pg/L). There is no need to supplement
the diet of the formula-fed infant with fluoride during the first 6 months of
life. Health care professionals should ascertain the fluoride concentrations
in the local water supplies of the communities in which their patients live.
If the fluoride content of the municipal or well water used to prepare infant
formula is high, bottled water that has been defluoridated should be used.
After 6 months of age, the need for additional fluoride will depend principal-
ly on the fluoride content of the water (for recommendations, see Chapter
48: Nutrition and Oral Health).

Safe Handling and Storage of Infant Formula
Parents should be instructed to use proper hand-washing techniques when-
ever preparing or feeding infant formula. They also should be given guidance
on proper storage of formula product remaining in the original container that
will be used or mixed later and on proper storage of formula that has been
prepared if it is not to be fed immediately. Once opened, cans of ready-to-
feed and concentrated liquid product can generally be stored covered (with
a plastic overcap or aluminum foil) in the refrigerator for no longer than 48
hours. Powder formula should be stored in a cool, dry place, not in the re-
frigerator (both unopened and opened cans). Once opened, cans of powder
should be covered with the overcap; product can be used for up to 4 weeks
if proper precautions are taken to avoid microbiologic contamination.
Prepared formula should not be left out of the refrigerator. If more than
one bottle is prepared at a time, those bottles for later use should be re-
frigerated immediately. This is especially important for powder products
prepared with hot water, because they require longer to cool to reach a safe
storage temperature. Regardless, all bottles should be used within 24 hours.
“Unopened” bottles of prepared formula should not be unrefrigerated for
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more than 2 hours before being fed. Once the feeding has begun, the con-
tents should be fed within an hour or discarded. In the early months of life
especially, infants prefer warm infant formula. This warming can be accom-
plished by putting the unopened bottle in a bowl of warm water for 5 to 10
minutes prior to feeding. Bottles of infant formula should not be warmed

in a microwave oven. Microwave ovens can create “hot spots” in the bottle,
and burns to the infant’s mouth can occur despite the formula seeming to be
at the right temperature when tested by the mother before feeding.

Guidelines for Length of Exclusive Formula Feeding and
Supplementation With Solid Foods

Formula should be offered ad libitum, the goal being to allow the infant to
regulate intake to meet his or her energy needs. The usual intake will be 140
to 200 mL/kg per day for the first 3 months of life. This intake provides 90
to 135 kecal/kg of body weight per day and should result in an initial weight
gain of 25 to 30 g/day. Between 3 and 6 months of age, weight gain de-
creases to 15 to 20 g/day, and between 6 and 12 months of age, weight gain
decreases to 10 to 15 g/day. If human milk or formula intake is adequate,
healthy infants do not need additional water, except when the environmen-
tal temperature is extremely high. Although most infants thrive on formu-
las derived from cow milk, some infants may exhibit intolerance to these
formulas. Vomiting or spitting up is common for the first few months of life
and requires no change in the feeding regimen if weight gain is adequate.
Constipation with slow weight gain may indicate inadequate intake of
formula. When a transition from one formula to another is undertaken be-
cause of tolerance, cost, availability, or a specific desire to alter the nutrient
composition of the diet, the change from one formula to another can almost
always be made abruptly.

Complementary foods can be introduced between 4 and 6 months of age
on the basis of developmental readiness (eg, oromotor coordination, head
control) and nutritional needs of the growing infant. In addition to solid
foods, continued breastfeeding or the use of infant formula for the entire
first year of life, rather than feeding any form of cow milk, reduces the risk
of inadequate intakes of nutrients such as zinc, the essential fatty acids, and
other important long-chain, polyunsaturated fatty acids. These practices
also help prevent excessive intakes of certain nutrients, such as protein and
sodium, during this time.
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Intact Cow Milk Protein-Based Formulas

Composition

Commercial, intact cow milk protein-based formulas have many similari-
ties but also differ substantially from one another in sources and quantity
of nutrients. Although the different manufacturers provide a rationale for
formula composition, physiologically significant differences have not always
been clearly demonstrated among the various products. The composition
of formulas may change over time and is reflected on the formula label. In
attempting to differentiate among different formulas, health care profession-
als should rely on the results of clinical studies rather than on composition
alone whenever possible. The composition of currently available standard
cow milk-derived formulas for healthy, full-term infants is presented in Ap-
pendix E Table F-2.

Protein

Cow milk-based formulas in the United States contain protein at concentra-
tions varying from approximately 1.45 to 1.6 g/dL. These concentrations
represent almost 50% more protein than the average amount found in
human milk (0.9-1.0 g/dL). The ratio between the predominant types of
cow milk proteins (ie, whey proteins and casein proteins) varies consider-
ably among these formulas. Some formulas contain cow milk protein with
its unaltered whey-to-casein ratio of 18:82. Other formulas contain added
cow milk whey protein in an effort to approach the whey-to-casein ratio of
human milk; these have whey-to-casein ratios of between 48:52 and 60:40.°
One cow milk-based infant formula containing 100% partially hydrolyzed
whey protein also is available. As stated previously, there are compositional
and functional differences between the principal whey proteins in cow
milk and in human milk." The predominant whey protein in cow milk is
B-lactoglobulin, whereas the predominant whey protein in human milk is
a-lactalbumin. Because of these and other differences in amino acid compo-
sition, compared with breastfed infants, formula-fed infants have increased
serum concentrations of several amino acids, and each type of formula re-
sults in a characteristic amino acid pattern. The clinical importance of these
patterns has not been demonstrated.

Fat

Fat provides approximately 40% to 50% of the energy in cow milk-based
formulas and is provided by vegetable oils or a mixture of vegetable and
animal fats. These blends are better absorbed than the butterfat of cow
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milk and provide more appropriate amounts of the essential fatty acids. Fat
blends are selected to provide a balance of saturated, monounsaturated,

and polyunsaturated fatty acids. Commonly used oils include coconut oil (a
good source of short-, medium- and long-chain saturated fatty acids), palm
and palm olein oils (a source of long-chain, saturated fatty acids), and soy,
corn, and safflower or sunflower oils (rich sources of polyunsaturated fatty
acids). Some manufacturers use high-oleic variants of safflower or sunflower
oils to increase monounsaturated fatty acids in the fat blend. The concen-
trations and ratio of the 2 essential fatty acids (linoleic acid, 18:2 «»-6; and
alpha-linolenic acid, 18:3 w-3) meet current guidelines. In contrast to human
milk, which is high in cholesterol, commercially available infant formulas
contain little or no cholesterol; the value of adding cholesterol to infant
formulas has not been demonstrated.

Determination of the ideal fatty acid composition for infant formulas has
been an area of intense research, particularly with regard to the w-6 and w-3
essential fatty acids and their very long-chain, polyunsaturated derivatives
arachidonic acid (ARA) and docosahexaenoic acid (DHA). ARA and DHA
are found in a wide range of concentrations in human milk, depending on
maternal diet. They also can be synthesized from their precursor essential
fatty acids by both preterm and term infants. Some, but not all, clinical
studies have found improved short-term performance in tests of visual
and cognitive functions both in preterm and in term infants fed formulas
supplemented with ARA and DHA (see Chapter 17: Fats and Fatty Acids).
ARA and DHA derived from single-cell microfungi and microalgae, respec-
tively, have been classified by the FDA as generally recognized as safe for
use in infant formula when added at approved concentrations and ratios.
Many infant formulas now contained added ARA and DHA, and formulas
containing these fatty acids represent at least 75% of infant formula sales in
the United States.

Carbohydrate

Lactose is the major carbohydrate in human milk and in most standard cow
milk-based infant formulas. Lactose is hydrolyzed in the small intestine by
the action of lactase, which is located on the brush border of the intestinal
villus epithelial cell. Lactose appears later than other brush-border disaccha-
ridases in the developing fetal intestine but is present in maximal amounts in
full-term infants. Nevertheless, even in full-term infants, some lactose enters
the large intestine, where it is fermented. The end products of fermentation
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are short-chain fatty acids and several gases, among them carbon dioxide

and hydrogen. This fermentation helps to maintain an acidic environment

in the colon, which in turn fosters an acidophilic bacterial flora that includes
lactobacilli and other organisms that suppress the growth of more pathogenic
organisms. In addition to lactose, some formulas for term infants also contain
modified starch or other complex carbohydrates, such as maltodextrins.

Iron

Cow milk-based formulas are available in both “low-iron” and “iron-forti-
fied” versions. By law in the United States, a formula with an iron concen-
tration of <6.7 mg/L (<1.0mg/100 kcal) is designated as “low iron.” A for-
mula with an iron concentration 26.7 mg/L (=1 mg/100 kcal) is considered
iron-fortified and must be labeled as such. Commercially available infant
formulas originally were low in iron. During the 1950s, in response to a high
prevalence of iron deficiency among infants in the United States and to link
iron with a major source of dietary energy, iron was added to infant formu-
las at a concentration of 12 mg/L. However, low-iron versions of milk-based
formulas also continued to be available. Currently, most low-iron formulas
contain approximately 4 to 6 mg/L, and the iron-fortified formulas contain
between 10 mg/L and 12 mg/L. Low-iron formulas continue to be available
primarily because they are recommended by some health care professionals;
iron is perceived by some parents and physicians to cause constipation and
other feeding problems. Well-controlled studies have consistently failed to
show any increase in prevalence of fussiness, cramping, colic, gastroesopha-
geal reflux, constipation, or flatulence with the use of iron-fortified formu-
las. The federally funded Special Supplemental Food Program for Women,
Infants, and Children (WIC), which provides food for more than half the
infants in the United States, requires the use of iron-fortified formula. One
of the manufacturers of infant formulas in the United States stopped manu-
facturing low-iron formulas in 2007.

AAP

The American Academy of Pediatrics

sees no role for the use of low-iron formulas in infant feeding and recommends
that all formulas fed to infants be iron-fortified.!!
Pediatrics. 1999;104:119-123 (Reaffirmed November 2002)
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Other Nutrients

In addition to the macronutrients (protein, fat, and carbohydrate), the other
required nutrients in infant formula (ie, the major and trace minerals and
vitamins) are inherent in the ingredients used to supply the macronutrients
and/or are specifically added during manufacture. A number of nutrients
may come from more than one ingredient. All the ingredients used to pro-
duce formulas are regulated by the FDA and must be generally recognized
as safe for use in infant formula.

Since the early 1980s, infant formulas have seen the addition of other
nutrients not required by the Infant Formula Act. Examples of these are
taurine, an amino acid found in high concentrations in the brain and retina;
nucleotides, semi-essential nutrients that have been added to many formulas
and that may enhance development of immune function and promote the
development of a less pathogenic intestinal flora; and the long-chain poly-
unsaturated fatty acids ARA and DHA. These nutrients were added only
after extensive studies were performed on safety and possible efficacy and
new or modified infant formula notifications were filed with the FDA. One
can expect that in the coming years, additional ingredients will be added to
infant formulas.

Soy Formulas

Although soy formulas date back to the 1920s, during the 1960s and 1970s,
improved, better-tolerated formulas were developed that were based on
more refined soy protein isolates. Soy formulas are lactose free and are
useful for feeding infants who cannot tolerate milk protein or lactose. Soy
formulas (see Appendix F, Table F-3) constitute approximately 20% of all
formulas sold. Soy formulas support growth equivalent to that of breastfed
and cow milk-based formula-fed infants.'? Bone mineralization is similar in
full-term infants fed soy and cow milk-based formulas.'®*° Earlier formula-
tions of currently available soy formulas were associated with an increased
incidence of osteopenia in preterm infants. Data on the effects of newer
formulations of soy formulas on bone mineralization in preterm infants are
scarce, and consequently, the use of soy formulas in these infants should
be avoided if possible. Special formulas with higher nutrient concentrations
than standard milk-based or soy formulas for term infants have been devel-
oped for feeding preterm infants after discharge, and their use is preferred
whenever possible.
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Uses

There are several indications for the use of soy formulas. Infants for whom
soy formula is indicated include those with intolerance to lactose and to
milk protein (in most instances), those with galactosemia, and those whose
parents are vegetarian and wish for their infant’s diet to be vegetarian.

All soy formulas in the United States are lactose free and are recommend-
ed for infants with clinically significant lactose intolerance or galactosemia.'®
Lactose intolerance occurs in some infants as a result of acute gastroenteritis;
soy formulas are recommended for postdiarrheal refeeding only in patients
who have signs and symptoms of clinically significant lactose intolerance.”
Those who require a lactose-free formula generally can be rechallenged with
a lactose-containing formula after 1 month. Other symptoms of intolerance
to cow milk-based formulas, such as colic, loose stools, spitting up, or vom-
iting, sometimes prompt a switch to soy formula. Most of these problems
are unrelated to the formula being fed; occasionally, however, some infants
respond positively to soy formulas for reasons not totally understood.

Most infants who have an immunoglobulin E-associated reaction to cow
milk proteins do well when fed soy formulas (up to 85% in one prospective
study).!®!? These formulas taste better and cost less than formulas based on
extensively hydrolyzed protein. Nevertheless, although soy protein does not
cross-react with cow milk protein, some infants who are allergic to cow milk
protein will develop allergy to soy protein as well.’¥** Soy formulas should
specifically be avoided in infants with intestinal blood loss attributable to
protein sensitivity.

Composition

Protein concentrations in soy infant formulas are slightly higher than in cow
milk-based formulas. In addition, methionine is added to compensate for the
low concentration of this amino acid in soy protein. The fat blends in soy
formulas are similar to those found in cow milk-based formulas. Lactose, the
major carbohydrate of human milk and most cow milk-based formulas, is not
used in soy formulas to avoid contamination with milk proteins. Carbohy-
drate in various soy formulas is supplied by sucrose and/or corn syrups and
maltodextrins. The required concentrations of minerals and vitamins in soy
formulas do not differ from those required in milk-based formulas. There are
differences in the actual concentrations of a number of nutrients in the 2 types
of formulas, as much because of the concentrations inherent in the ingredients
used in their manufacture as because of any specific addition. For some miner-
als, phytates present in soy protein isolates may affect absorption, and there
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are increased concentrations of minerals in some soy formulas to compensate
for this lower bioavailability. Soy formulas are available only in iron-fortified
versions. This fact is of particular interest because of the belief by many health
care professionals and parents that soy formulas are useful in the management
of infants with feeding intolerance, and it belies the belief that iron is a cause
of such intolerance. Carnitine, which is inherently low in soy formulas and
plays a role in lipid metabolism, is added to these formulas.

Soy formulas contain phytoestrogens, which have been demonstrated to
have physiological activity in rodent models. To address the possible long-
term effects relating to the presence of phytoestrogens in soy formulas, a
comprehensive follow-up study in 2001 compared early and later growth,
pubertal development, and reproductive outcomes in 20- to 34-year-olds
who had been fed cow milk-based or soy formulas as infants in a study at the
University of Iowa. There were no significant differences in the outcomes of
these 2 groups related to the type of formula that had been fed in infancy.?

AAP N
The American Academy of Pediatrics states:

1. Interminfants, indications for use of soy formula in place of cow milk formula
include (a) infants with galactosemia and hereditary lactase deficiency (rare);
and (b) situations in which a vegetarian diet is preferred.

2. Extensively hydrolyzed protein formula should be considered for infants with
cow milk protein allergy, because 10% to 14% will also have soy allergy.

3. Most previously well infants with acute gastroenteritis can be managed after re-
hydration with continued human milk or standard dilutions of cow milk formulas.
Soy formulas may be indicated when secondary lactose intolerance occurs.

4. Soy formula has no advantage over cow milk formula as a supplement for the
breastfed infant unless 1 of the indications noted previously occurs.

5. Soy formulas are not recommended for preterm infants.

Soy formula has no proven value in preventing or managing colic or fussiness.

7. Infants with cow milk protein-induced enteropathy or enterocolitis can be as
sensitive to soy protein and should not be given soy formula they should be
given formula derived from hydrolyzed protein or synthetic amino acids.

8. Soy formula is not proven to prevent atopic disease in healthy or high-risk infants.

Pediatrics. 2008;121:1062—1068

o

Protein Hydrolysate Formulas

Protein hydrolysate formulas may contain either partially hydrolyzed pro-
tein or extensively hydrolyzed protein. The indications for use of these 2
types of formula are distinctly different.
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Infant Formula With Partially Hydrolyzed Protein

There are several infant formulas available in the US market with partially
hydrolyzed protein (see Appendix E, Table F-2). They have fat blends similar
to those found in other standard infant formulas. Carbohydrate is supplied
by corn maltodextrins or corn syrup solids and, in some cases, lactose.
These formulas are used in the United States for routine feeding of nor-

mal term infants. Because the protein is not extensively hydrolyzed, these
formulas are contraindicated in the management of infants with cow milk
protein allergy. Partially hydrolyzed formulas (whey protein) may be useful
in the prevention of atopic dermatitis (see Chapter 34).

Infant Formulas With Extensively Hydrolyzed Protein

Uses

Formulas based on hydrolyzed casein were originally developed for infants
who could not digest or were severely intolerant to intact cow milk protein.
The protein in these hydrolysate formulas is extensively hydrolyzed to pro-
duce a mixture of free amino acids and dipeptides, tripeptides, and short-chain
peptides that are incapable of eliciting an immunologic response in most
infants. Formulas containing protein hydrolysates of this type are the pre-
ferred formulas for infants intolerant of cow milk proteins and soy proteins.!
Because these formulas are lactose free and, in some cases, include substantial
amounts of medium-chain triglycerides, they are also often useful in infants
with significant malabsorption caused by gastrointestinal or hepatobiliary
disease (eg, cystic fibrosis, short gut syndrome, biliary atresia, cholestasis,

and protracted diarrhea). In such cases, protein hydrolysate formulas can be
lifesaving and are preferable to the alternative of total parenteral nutrition.
Disadvantages of protein hydrolysate formulas include their poor taste
(because of the presence of specific amino acids and some peptides), greater
cost, and in some cases, higher osmolalities. It should be noted that despite
their taste, these formulas are generally well accepted when introduced in the
early months of life, before the infant’s sense of taste is well developed.

Composition

The unique compositions of the different protein hydrolysate formulas are
summarized in Appendix G. In contrast to the partially hydrolyzed protein
formulas discussed previously, all infant formulas with extensively hydro-

lyzed protein are based on casein that has been heat-treated and enzymati-
cally hydrolyzed. The resulting hydrolysate, consisting of free amino acids
and short-chain peptides of varying length, is then fortified with selected
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amino acids to compensate for the amino acids lost in the manufactur-

ing process. Although in vitro tests and animal immunization studies have
proven useful in the preclinical evaluation of extensively hydrolyzed pro-
teins, the assurance of the hypoallergenicity of infant formulas containing
these protein sources relies on carefully conducted clinical trials that docu-
ment their efficacy in highly allergic infants and children. All infant formulas
based on extensively hydrolyzed protein are lactose free. Manufacturers use
sucrose, tapioca starch, corn syrup solids, and modified starches in vari-

ous mixtures. Fat in some of these formulas contains varying amounts of
medium-chain triglycerides to facilitate absorption of fat. Other polyunsatu-
rated vegetable oils are used to supply essential fatty acids. Products differ
significantly from each other; brochures from the manufacturers should be
consulted for explanations of the differences.

Other Formulas

Other special formulas are available for infants with low birth weight (see
Chapter 4: Nutritional Needs of the Preterm Infant) and for infants with
inborn errors of metabolism (see Chapter 29: Inborn Errors of Metabolism).

Amino Acid-Based Formulas

Amino acid-based formulas specifically designed for infants are indicated
for extreme protein hypersensitivity—when symptoms persist even when
extensively hydrolyzed protein formulas are used (see Appendix G).?#%
These formulas are more costly than cow milk protein- and soy protein-
based formulas.

Follow-up Formulas

Follow-up and “toddler” formulas are available in the United States. The
composition of these formulas differs from that of standard formulas (in-
creased protein and minerals, among other differences). They are nutrition-
ally adequate but offer no clear advantage over standard infant formula dur-
ing the first year of life. The iron fortification and balance of nutrients they

contain may be an advantage for toddlers receiving inadequate amounts in
their solid feedings (see Appendix H, Tables H-1 and H-2).

Cow Milk

Full-fat cow milk, 1% to 2% fat cow milk, “skim” or fat-free cow milk,
goat milk, evaporated milk, and other “milks” have levels of nutrients, both
excesses and deficiencies, that are not well suited for meeting the infant’s
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nutritional requirements (see Appendix F, Table F-4), and they are not rec-
ommended for use during the first 12 months of life.?* Of particular note, the
Centers for Disease Control and Prevention has reported that the use of cow
milk during the first year of life, or an intake of more than 750 mL (approx
25 fl oz) per day in the second year of life, is associated with iron deficiency.
Infants fed cow milk in the first 12 months of life are at risk of depleting
their iron stores and ultimately developing iron-deficiency anemia® because
of the low concentration and biocavailability of iron in cow milk and pos-
sible intestinal blood loss. The higher intakes of protein, sodium, potassium,
and chloride associated with the use of cow milk inappropriately increase
the renal solute load.? The limited amounts of essential fatty acids as well
as vitamin E, zinc, and perhaps other micronutrients may not be adequate to
prevent deficiencies. Skim milks may cause the infant to consume excessive
amounts of protein, because large volumes of these hypocaloric milks will
be ingested as the infant tries to satisfy his or her caloric needs.”
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Nutritional Needs of the Preterm Infant

Although optimal nutrition is critical in the management of small preterm
infants, no standard has been set for the precise nutritional needs of infants
born preterm. Current recommendations for enteral (Table 4.1) and paren-
teral (Table 4.2) nutrition are designed to provide nutrients to approximate
the rate of growth and composition of weight gain for a normal fetus of
the same postconceptional age and to maintain normal concentrations of
nutrients in blood and tissue.'? Nearly all infants with extremely low birth
weight (<1000 g birth weight) experience significant growth restriction dur-
ing their stay in the neonatal intensive care unit, and although the intra-
uterine growth rate can be achieved, it is not typically obtained until near
the time of discharge.® This is largely a result of the management of acute
neonatal illnesses and gradual advancement of feeding to minimize the risk
of feeding-related complications, such as necrotizing enterocolitis. If catch-
up growth occurs, it does not happen until well after the time of discharge.®

Table 4.1
Comparison of Enteral Intake Recommendations for Growing Preterm Infants in Stable
Clinical Condition

Consensus Consensus
Recommendations* Recommendations*
<1000 g/kg <1000 g/100  1000-1500 1000-1500
per day keal g/kg per day  g/100 kcal
Water/fluids, mL 160-220 107-169 135-190 104-173
Energy, keal 130-150 100 110-130 100
Protein, g 3.8-4.4 2.5-34 34-42 26-3.8
Carbohydrate, g 9-20 6.0-15.4 7-17 5.4-155
Fat, g 6.2-8.4 4.1-6.5 53-72 41-6.5
Linoleic acid, mg 7001680 467-1292 6001440 462-1309
Linoleate:linolenate 5-15 5-15 5-15 5-15
(C18:2-C18:3)
Docosahexaenoic acid, mg >21 >16 >18 >16
Arachidonic acid, mg >28 >22 224 222
Vitamin A, IU 7001500 4671154 7001500 538-1364
Vitamin D, U 150-400 100-308 150-400 115-364
Vitamin E, IU 6-12 40-9.2 6-12 46-10.9
Vitamin K, pg 8-10 5.3-7.7 8-10 6.2-9.1
Ascorbate, mg 18-24 12.0-18.5 18-24 13.8-21.8
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Table 4.1 (continued)
Comparison of Enteral Intake Recommendations for Growing Preterm Infants in Stable
Clinical Condition

Consensus Consensus
Recommendations* Recommendations*
<1000 g/kg <1000 g/100  1000-1500 10001500
Element per day keal g/kg perday  g/100 kcal
Thiamine, ug 180-240 120-185 180-240 138-218
Riboflavin, ug 250-360 167-277 25-3600 192-327
Pyridoxine, pg 150-210 100-162 150-210 115-191
Niacin, mg 3.6-4.8 24-3.7 3.6-4.8 2.8-4.4
Pantothenate, mg 1.2-17 0.8-1.3 1.2-17 0.9-15
Biotin, pg 3.6-6 24-46 3.6-6 2.8-55
Folate, pug 25-50 17-38 25-50 19-45
Vitamin B,,, ug 0.3 0.2-0.23 0.3 0.23-0.27
Sodium, mg 69-115 46-88 69-115 53-105
Potassium, mg 78-117 52-90 78-117 60-106
Chloride, mg 107-249 71-192 107-249 82-226
Calcium, mg 100-220 67-169 100-220 77-200
Phosphorus, mg 60-140 40-108 60-140 46-127
Magnesium, mg 7.9-15 53-115 7.9-15 6.1-13.6
Iron, mg 2-4 1.33-3.08 2-4 1.54-3.64
Zinc, pg 1000-3000 337-2308 1000-3000 769-2727
Copper, ug 120-150 80-115 120-150 92-136
Selenium, pg 1.3-4.5 0.9-35 1.3-4.5 1.0-4.1
Chromium, ug 0.1-2.25 0.07-1.73 0.1-2.25 0.08-2.05
Manganese, pg 0.7-7.75 05-5.8 0.7-7.75 0.5-6.8
Molybdenum, pg 0.3 0.20-0.23 0.3 0.23-0.27
lodine, ug 10-60 6.7-46.2 10-60 7.7-545
Taurine, mg 45-9.0 3.0-6.9 45-9.0 35-8.2
Carnitine, mg ~29 ~19-22 ~2.9 ~2.2-2.6
Inositol, mg 32-81 21-62 32-81 25-74
Choline, mg 14.4-28 9.6-21.5 14.4-28 11.1-25.2

* From Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and
Practical Guidelines. Cincinnati, OH: Digital Educational Publishing Inc; 2005:417-418.
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Table 4.2
Comparison of Parenteral Intake Recommendations for Growing Preterm Infants in
Stable Clinical Condition

Consensus Consensus
Recommendations* Recommendations*

<1000 g/kg <1000 g/100 1000-1500 10001500
Element per day keal g/kg perday  g/100 kcal
Water/fluids, mL 140-180 122171 120-160 120-178
Energy, keal 105-115 100 90-100 100
Protein, g 35-4.0 3.0-38 3.2-38 3.2-42
Carbohydrate, g 13-17 11.3-16.2 9.7-15 9.7-16.7
Fat, g 3-4 26-38 3-4 3.0-44
Linoleic acid, mg 340-800 296-762 340-800
Linoleate:linolenate 5-15 5-15 5-15 5-15
(C18:2-C18:3)
Vitamin A, IU 700-1500 609-1429 700-1500 700-1667
Vitamin D, IU 40-160 40-160
Vitamin E, IU 2.8-35 2.4-33 2.8-35 2.8-39
Vitamin K, pg 10 8.7-95 10 10.0-11.1
Ascorbate, mg 15-25 13.0-23.8 15-25 15.0-27.8
Thiamine, pg 200-350 174-333 200-350 200-389
Riboflavin, ug 150-200 130-190 150-200 150-222
Pyridoxine, pg 150-200 130-190 150-200 150-222
Niacin, mg 4-6.8 3.5-6.5 4-6.8 40-7.6
Pantothenate, mg 1-2 09-19 1.2 1.0-2.2
Biotin, pg 5-8 1.3-7.6 5-8 5.0-8.9
Folate, pug 56 49-53 56 56-62
Vitamin B, ug 0.3 0.26-0.29 0.3 0.30-0.33
Sodium, mg 69-115 60-110 69-115 69-128
Potassium, mg 78-117 68-111 78-117 78-130
Chloride, mg 107-249 93-237 107-249 107-277
Calcium, mg 60-80 52-76 60-80 60-89
Phosphorus, mg 45-60 39-57 45-60 45-67
Magnesium, mg 43-72 3.7-6.9 43-72 43-8.0
Iron, pg 100-200 87-190 100-200 100-222
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Table 4.2 (continued)
Comparison of Parenteral Intake Recommendations for Growing Preterm Infants in
Stable Clinical Condition

Consensus Consensus
Recommendations* Recommendations*

<1000 g/kg <1000 g/100 1000-1500 10001500
Element per day keal g/kg perday  g/100 kcal
Zinc, ug 400 348-381 400 400-444
Copper, ug 20 17-19 20 20-22
Selenium, ug 1.5-45 1.3-4.3 1.5-4.5 1.5-5.0
Chromium, ug 0.05-0.3 0.04-0.29 0.05-0.3 0.05-0.33
Manganese, pg 1 0.87-0.95 1 1.00-1.11
Molybdenum, pg 0.25 0.22-0.24 0.25 0.25-0.28
lodine, pg 1 0.87-0.95 1 1.00-1.11
Taurine, mg 1.88-3.75 1.6-3.6 1.88-3.75 1.9-4.2
Carnitine, mg ~2.9 ~25-2.8 ~2.9 ~2.9-32
Inositol, mg 54 47-51 54 54-60
Choline, mg 14.4-28 12.5-26.7 14.4-28 14.4-31.1

* From Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and
Practical Guidelines. Cincinnati, OH: Digital Educational Publishing Inc; 2005:417-418.

The quality of postnatal growth depends on the type, quantity, and qual-
ity of feedings. Preterm infants fed standard infant formulas gain a higher
proportion of their weight as fat when compared with a fetus of the same
maturity.5 The use of specially formulated preterm infant formulas and pre-
term human milk fortifiers results in a composition of weight gain and bone
mineralization closer to that of the reference fetus, as compared with infants
fed standard formulas for term infants or unfortified human milk.

Randomized prospective trials of specially formulated preterm formulas
have shown significant improvements in growth and cognitive develop-
ment compared with standard formulas for full-term infants.” These find-
ings underscore the need for the clinician to carefully plan and monitor the
nutritional care of preterm infants during hospitalization and after discharge.
Monitoring nutrition status is even more important in the preterm infant
maintained on unfortified human milk after discharge. A consensus recom-
mendation of nutrition experts on specific nutrient requirements in preterm
infants summarizes available data and recommendations and should be
referred to for more detailed information.!
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Energy Requirements

Energy is required for body maintenance and growth. The estimated resting
metabolic rate of preterm infants with minimal physical activity is lower
during the first week after birth than later. In a thermoneutral environment,
it is approximately 40 kcal/kg per day when the infant is parenterally fed
and 50 kcal/kg per day by 2 to 3 weeks of age when the infant is fed orally.
Each g of weight gain, including the stored energy and the energy cost of
synthesis, requires between 3 and 4.5 kcal.® Thus, a daily weight gain of 15
g/kg requires a caloric expenditure of 45 to 67 kcal/kg above the 50 kecal/kg
per day for the resting metabolic rate.

Estimated average energy requirements of preterm infants during the
neonatal period are shown in Table 4.3.°It must be noted, however, that
these energy requirements have largely been determined in healthy growing
preterm infants at 3 to 4 weeks of age. There is relatively little information
on energy requirements of sick infants and those with extremely low birth
weight (<1000 g birth weight), especially in early postnatal life.

Table 4.3
Estimation of the Energy Requirement of the Infant With Low Birth Weight*

Energy Average Estimation, kcal/kg per day

Energy expended 40-60
Resting metabolic rate 40-50t
Activity 0-5t1
Thermoregulation 0-5t1

Synthesis 15%

Energy stored 20-30%

Energy excreted 15

Energy intake 90-120

* Adapted from the Committee on Nutrition of the Preterm Infant, European Society of Paediatric
Gastroenterology and Nutrition.®

t Energy for maintenance.

1 Energy cost of growth.

Activity, basal energy expenditure at thermoneutrality, the efficiency of
nutrient absorption, and the utilization of energy for new tissue synthesis
vary among infants. These variations may be pronounced in growth-retard-
ed infants. Energy intake by the enteral route of 105 to 130 kcal/kg per day
enables most preterm infants to achieve satisfactory rates of growth. More
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calories may be given if growth is unsatisfactory at these intakes. Lower
energy intakes can support growth if the infant is receiving total parenteral
nutrition, with estimates of 60 kcal/kg per day, including protein intake, in
nonventilated infants of 30 to 34 weeks’ gestation in the first week of life
and up to 105 to 115 keal/kg per day, including 3 g/kg per day of protein, in
infants with extremely low birth weight.”

Protein Amount and Type

Enteral protein intakes between 3.0 and 4.0 g/kg per day are adequate and
not toxic. The estimated requirements based on the fetal accretion rate of
protein are 3.5 to 4 g/kg per day, with higher protein intakes correlating
with younger gestational ages. A recent study suggests that in infants with
very low birth weight, a higher protein content of 3.6 g/100 kcal versus

3.0 g/100 keal in standard formula results in increased protein accretion
and weight gain without evidence of metabolic stress.!* This finding was
supported by a recent Cochrane review.!? The type and quantity of protein
in infant formulas most suitable for preterm infants has been examined in
multiple studies.’®¢ In general, infants fed whey-predominant formulas had
metabolic indices and plasma amino acid concentrations closer to those of
infants fed pooled, mature human milk.

Soy-based formulas, as currently constituted, are not recommended for
preterm infants, because optimal carbohydrate, protein, and mineral absorp-
tion and utilization are even less well documented for soy-based formulas
than for those based on cow milk."”

Fats

Fat provides a major source of energy for growing preterm infants. In human
milk, approximately 50% of the energy is from fat; in commercial formulas,
fat provides 40% to 50% of the energy. These feedings provide 5 to 7 g of
fat per kg per day. The saturated fat of human milk is well absorbed by the
preterm infant, in part because of the distribution pattern of fatty acids on the
triglyceride molecule. Palmitic acid is present in the beta position in human
milk fat and is more easily absorbed than palmitic acid in the alpha position,
which occurs in cow milk, most other animal fats, and vegetable oils. Lingual
lipase, acting in conjunction with gastric lipase, facilitates triglyceride diges-
tion in the stomach, and bile salt-activated lipase in breastfed preterm infants
continues digestion in the duodenum. These lipase activities substitute for
the low pancreatic lipase of preterm infants and seem to partly compensate
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for the low intraluminal bile salt concentration of preterm infants. In formula-
fed preterm infants, fat absorption is increased when human milk is mixed
with the formula, presumably because of the lipases in human milk.*

The special formulas for preterm infants contain a mixture of medium-
chain triglycerides and vegetable oils rich in polyunsaturated, long-chain
triglycerides, both of which are well absorbed by preterm infants.' This fat
blend meets the estimated essential fatty acid requirement of at least 3% of
energy in the form of linoleic acid with additional small amounts of alpha-
linolenic acid. Formulas containing 10%, 30%, and 50% medium-chain
triglycerides are well tolerated by preterm infants," with no observed differ-
ences in weight gain or fat deposition.

Human milk contains small amounts of the fatty acids docosahexaenoic
acid (DHA) and arachidonic acid (ARA). Although the capacity for endoge-
nous synthesis of these fatty acids has been thought to be limited in neo-
nates, stable isotope studies have demonstrated that both term and preterm
infants have the capacity to synthesize DHA and ARA.?*?! It remains unclear
whether DHA and ARA can be biosynthesized in quantities sufficient to
meet the needs of these infants. A variety of clinical observations suggest
exogenous DHA (and ARA) may be needed for optimal development.
However, studies performed over the past 15 years regarding the effects of
formulas containing DHA or DHA plus ARA on visual function and neu-
rodevelopmental outcome have produced conflicting results. These results
leave largely unanswered the question of whether these fatty acids are
beneficial for the preterm infant.”>? Despite the limited evidence of efficacy,
formulas supplemented with DHA and ARA are now available and appear
to be safe.?*

Carbohydrates

Carbohydrates contribute a readily usable energy source and protect against
tissue catabolism. Once the infant’s condition is stabilized, the requirement
for carbohydrate is estimated at 40% to 50% of calories, or approximately
10 to 14 g/kg per day.

By 34 weeks’ gestation, preterm infants have intestinal lactase activities
that are only 30% of term infants.?® However, in clinical settings, lactose in-
tolerance is rarely a problem. Human milk is usually well tolerated, possibly
because preterm infants acquire a relatively efficient capacity to hydrolyze
lactose in the small intestine at an earlier developmental stage that do infants
in utero.?® Glycosidase enzymes for glucose polymers are active in small
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preterm infants, and these polymers are well tolerated by preterm infants.
Because glucose polymers add fewer osmotic particles to the formula per
unit weight than does lactose, they permit the use of a high-carbohydrate
formula with an osmolality <300 mOsm/kg of water. Special formulas for
preterm infants contain approximately 40% to 50% lactose and 50% to
60% glucose polymers, a ratio that does not impair mineral absorption.”

Minerals

Sodium and Potassium

Preterm infants, particularly those with a birth weight <1500 g, have high
fractional excretion rates of sodium for the first 10 to 14 days after birth,
although urinary loss of sodium is also related to total fluid intake. The low
sodium concentrations of human milk, formulas for term infants, or hu-
man milk fortifiers designed for the feeding of preterm infants may lead to
hyponatremia if these are used initially as the sole source of sodium. Special
formulas for preterm infants provide 1.7 to 2.2 mEq/kg per day of sodium at
full feeding levels (Appendix I).”® During periods of stable growth, sodium
requirements are usually met with a daily intake of 2 to 3 mEq/kg per day.
The potassium requirement of preterm infants seems to be similar to that of
term infants, 2 to 3 mEq/kg per day.

Calcium, Phosphorus, and Magnesium

During the last trimester of pregnancy, the human fetus accrues approxi-
mately 80% of the calcium, phosphorus, and magnesium present at term.
To achieve similar rates of accretion for normal growth and bone mineraliza-
tion, small preterm infants require higher intakes of these minerals per kg of
body weight than do term infants.”” Current recommendations (Tables 4.1,
4.2) reflect the high daily intake requirements for these minerals. However,
providing adequate amounts of these nutrients, particularly calcium and
phosphorus, to infants with very low birth weight during the first few weeks
of life is not always possible, particularly for those maintained on total
parenteral nutrition. As a result, osteopenia is common in these infants, and
fractures occur in some.*

Milk-based formulas used for term infants contain 53 to 76 mg of
calcium/100 keal and 42 to 57 mg of phosphorus/100 kcal. The bone min-
eral content in preterm infants consuming these formulas, as determined by
photon absorptiometry, is less than normal fetal values.*® However, the use
of formulas specially designed for preterm infants (Appendix I) that contain
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165 to 180 mg of calcium/100 kcal and 82 to 100 mg of phosphorus/100
kcal may improve the mineral balance and bone mineral content to levels
similar to normal fetal values.®'®? Preterm human milk contains approxi-
mately 40 mg of calcium/100 kcal and 20 mg of phosphorus/100 keal. It has
been associated with impaired bone mineralization and rickets. The addition
of powdered or liquid human milk fortifiers has improved mineral balance
and bone mineralization.®

Iron

The iron content of preterm infants at birth (75 mg/kg per day) is lower
than the iron content of term infants.* Much of the iron is in the circulating
hemoglobin; therefore, the frequent blood sampling that occurs with some
preterm infants further depletes the amount of iron available for erythropoi-
esis. The early physiologic anemia of prematurity is not ameliorated by iron
therapy. However, blood transfusions with packed red blood cells supply

1 mg/mL of elemental iron, and these transfusions may be given frequently
to infants with very low birth weight.

During the first 2 weeks of life, no clear indication exists for iron supple-
mentation. However, after 2 weeks of age, 2 to 4 mg/kg day of iron should
be provided to growing preterm infants.® Preterm infants on iron-fortified
special formulas for preterm infants do not need additional iron. However,
all preterm infants (even those who are breastfed) should receive at least
2 mg/kg of iron until 12 months of age. There is no role for the use of low-
iron formulas. Iron-fortified formulas can be used from the first feeding in
formula-fed preterm infants.

Many controversial questions remain regarding the practice of neonatal
red blood cell transfusions versus the use of recombinant human erythro-
poietin in the treatment of the anemia of prematurity. On the basis of a large
number of clinical trials and a meta-analysis of these trials, it is impossible to
clearly recommend one treatment strategy over the other. Clearly, recombi-
nant human erythropoietin has efficacy in stimulating erythropoiesis in pre-
term infants, but success in the elimination or marked reduction in the need
for red blood cell transfusions has not been definitively demonstrated.®
Thus, the use of recombinant erythropoietin to prevent or treat anemia of
prematurity is probably not indicated in most preterm infants, including the
smallest preterm infants (birth weight <1000 g), although there is limited
evidence to support its use.¥”* If erythropoietin is used, iron supplementa-
tion up to 6 mg/kg per day is needed, because active erythropoiesis requires
additional iron as a substrate.”
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Trace Minerals

During the last trimester of pregnancy, the estimated fetal accretion of zinc
is 850 pg/day.”® Although the zinc concentration of colostrum is high, its
concentration in human milk rapidly decreases to 2.5 mg/L by 1 month
postpartum and 1.1 mg/L by 3 months postpartum. These concentrations of
zinc are inadequate to meet the requirements of the growing preterm infant
whose condition is stable, as demonstrated by reports of clinical zinc defi-
ciency among breastfed preterm infants.* Current enteral recommendations
for zinc are 1 to 3 mg/kg per day (Table 4.1). Currently marketed preterm
and full-term infant formulas as well as human milk fortifiers provide suf-
ficient zinc to meet these recommendations.

Copper retention by the fetus has been estimated to be 56 pg/kg per day.
Human milk from mothers of preterm infants contains 58 to 72 pg/dL dur-
ing the first month after birth. Preterm infants absorb copper at rates of 57%
from fortified human milk to 27% from standard cow milk-based formula.*
Copper absorption is affected by the concentration of dietary zinc. Copper
deficiency has been identified among infants primarily fed cow milk or given
prolonged copper-free parenteral nutrition. The recommended daily intake
(Table 4.1) can be met by using human milk or preterm infant formula.®

The iodine content of human milk varies depending on the mother’s
intake, which is related to the geographic location of her food sources. Tran-
sient hypothyroidism has been reported among preterm infants receiving 10
to 30 pg/kg per day of iodine,*” although the recommended iodine intake
is 10 to 60 pg/kg per day.® All formulas for preterm infants will supply this
amount. Currently available powdered human milk fortifiers do not contain
added iodine. Human milk may not supply enough iodine by itself if the
preterm infant is maintained for extended periods on human milk, although
the needs for supplementation in this population have not been definitively
established.

Deficiency of selenium, chromium, molybdenum, or manganese has not
been reported for healthy preterm infants fed human milk.?* Current mini-
mum recommendations for these microminerals are based on the concentra-
tions in human milk (see Table 4.1 and Appendix C).

Water-Soluble Vitamins

The recommended intake of water-soluble vitamins is based on the esti-
mated amount provided by human milk and current feeding regimens, an
understanding of their physiologic functions and excretion, stability during
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storage, and a limited amount of research data on the water-soluble vitamin
needs of preterm infants (Table 4.1).

The ascorbic acid content of human milk is approximately 8 mg/100 keal,
and that of preterm infant formulas ranges from 20 to 40 mg/100 kcal. Al-
though no reports of deficiency among preterm infants receiving these feed-
ings have been made, no published studies have assessed the ascorbic acid
status of enterally fed preterm infants. Because ascorbic acid is essential for
the metabolism of several amino acids, its requirement may be increased be-
cause of the high rate of protein metabolism in the growing preterm infant.
Ascorbic acid supplementation of human milk with a human milk fortifier or
multivitamins will offset any losses that occur during handling and storage
of human milk. Current guidelines for ascorbic acid intake are 18 to 24 mg/
kg per day (Table 4.1).#

Thiamine (vitamin B,) is a cofactor for 3 enzyme complexes required for
carbohydrate metabolism as well as for the decarboxylation of branched-
chain amino acids. The thiamine content of human milk is 29 ug/100 keal,
and that of preterm infant formulas is 200 to 250 ug/100 kcal (Appendix I).
Commercially available human milk fortifiers provide an equivalent amount
of thiamine when used to fortify human milk to 24 kcal/oz. Recommenda-
tions for thiamine intake range from 180 to 240 pg/kg per day.*

Riboflavin (vitamin B,) is a primary component of flavoproteins that serve
as hydrogen carriers in numerous oxidation-reduction reactions. Infants with
a negative nitrogen balance may have increased urinary losses of riboflavin,
and those requiring phototherapy may use their reserves of riboflavin in the
photocatabolism of bilirubin. The riboflavin content is 49 pg/100 keal in hu-
man milk and 150 to 620 1ug/100 kcal in preterm formulas (Appendix I).

Commercially available human milk fortifiers provide 250 to 500 pg/100
kcal when used to fortify human milk to 24 kcal/oz. Because of the photo-
sensitivity of riboflavin, its content in human milk decreases during storage
and handling. Guidelines for riboflavin intake range from 250 to 360 ug/kg
per day.* The higher intake allows for increased losses of riboflavin associ-
ated with medical problems commonly found among preterm infants.

Pyridoxine (vitamin B,) is a cofactor for numerous reactions involved in
amino acid synthesis and catabolism. The requirement for pyridoxine is
directly related to protein intake. The pyridoxine content of human milk is
28 ug/100 kcal, and that of preterm formulas is 150 to 250 pg/100 keal (Ap-
pendix [). Human milk fortifiers contain the equivalent amount when used
as directed. The current guideline ranges from 150 to 210 pg/kg per day.*
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Niacin (vitamin B,) is a primary component of cofactors that function
in numerous oxidation-reduction reactions, including glycolysis, electron
transport, and fatty acid synthesis. Human milk contains 210 pg of nia-
¢in/100 keal, and preterm formulas contain 3900 to 5000 pg of niacin/100
keal (Appendix I). Human milk fortifiers contain the equivalent amount
when used as directed. No cases of niacin deficiency have been reported
among healthy preterm infants using current feeding regimens; however,
no studies of niacin status among enterally fed infants are available. Recom-
mended intake ranges from 3.6 to 4.8 mg/kg per day.*

Biotin is a cofactor for 4 carboxylation reactions and is active in folate
metabolism. The only reports of biotin deficiency have occurred among
infants supported on biotin-free parenteral nutrition for several weeks.* The
biotin content of human milk is 0.56 pg/100 kcal, and that of preterm for-
mulas is 3.9 to 37 pg/100 kcal (Appendix I). Powdered human milk fortifiers
contain the equivalent amount when used as directed. The recommended
daily intake ranges from 3.6 to 6 pg/kg per day.*

Pantothenic acid is a component of the acyl transfer group coenzyme A
that is essential for fat, carbohydrate, and protein metabolism. Human milk
provides 250 ug of pantothenic acid/100 kcal and preterm formulas contain
from 1200 to 1900 pg of pantothenic acid/100 kcal (Appendix I, Table I-1),
which easily provides the recommended daily intake of 1.2 to 1.7 mg/kg per
day.* Powdered human milk fortifiers contain the equivalent amount when
used as directed (Appendix I, Table I-2).

Folic acid is a cofactor that serves as an acceptor and donor of one-carbon
units in amino acid and nucleotide metabolism. Folate deficiency alters cell
division, particularly in tissues with rapid cell turnover, such as the intestine
and bone marrow. Preterm infants are at increased risk of folate deficiency
because of limited hepatic stores and rapid postnatal growth. Studies of
preterm infants have shown improved folate status, assessed by red blood
cell folate concentrations, among those provided supplemental folic acid.*
On the basis of these studies, recommendations for folic acid intake range
from 25 to 50 pg/100 kcal.** Human milk provides approximately 7 ug of
folic acid/100 kcal. Preterm formulas contain 20 to 37 pg of folic acid/100
keal (Appendix I). Powdered human milk fortifiers supply up to 30 pg of
folic acid/100 kcal when used as directed.

Vitamin B,, (cobalamine) is a cofactor involved in the synthesis of DNA
and the transfer of methyl groups. Clinical symptoms of deficiency have been
reported among infants who were exclusively breastfed by vegetarian moth-
ers.” Deficiency has not been reported among term or preterm infants born
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to well-nourished mothers. Vitamin B , is well absorbed from human milk
and infant formula. Human milk provides 0.07 ug of vitamin B,,/100 kcal and
preterm infant formulas provide 0.25 to 0.55 ug of vitamin B, ,/100 keal (Ap-
pendix I). Powdered human milk fortifiers provide 0.22 to 0.79 pg of B, /100
kcal when used as directed. The recommended intake is 0.3 pg/kg per day.*

As a group, the body’s reserves of water-soluble vitamins are limited,
and a continuing supply of these nutrients is essential for normal metabo-
lism. The higher recommended intakes for preterm infants compared with
those for term infants are based on higher protein requirements and reduced
vitamin reserves of preterm infants associated with shortened gestation. The
recommended enteral intake of water-soluble vitamins for breastfed preterm
infants may be achieved by using a vitamin-containing human milk fortifier.
Relatively few of these vitamins are provided by standard, oral multivitamin
supplements. In formula-fed preterm infants, recommendations may be met
by feeding preterm formulas that contain higher amounts of water-soluble
vitamins than term formulas.

There are no guidelines for providing preterm infants with supplemental
water-soluble vitamins after hospital discharge, and no published studies are
available.

Fat-Soluble Vitamins

Vitamin A is a fat-soluble vitamin that promotes normal growth and differ-
entiation of epithelial tissues. The liver is the primary storage site for vitamin
A. At birth, the hepatic vitamin A content of preterm infants is low.*
Measured values have indicated limited reserves and, in some cases, deple-
tion. In addition, the plasma retinol concentration, retinol-binding protein
(RBP) concentration, and retinol-to-RBP molar ratios of preterm infants are
less than those of term infants.”* Low vitamin A reserves in conjunction
with impaired absorption, attributable to reduced hydrolysis of fats and low
concentrations of intestinal carrier proteins for retinol, place the preterm
infant at risk of vitamin A deficiency. The preterm infant’s vitamin A status
may affect the maintenance and development of pulmonary epithelial tissue.
Recommendations for vitamin A intake range from 700 to 1500 IU/kg per
day.”? Supplementation of preterm infants with 1500 [U/kg per day results
in normalization of serum retinol and RBP concentrations.”® Given their high
vitamin A content (10 150 IU/L, 1250 1U/100 kcal [Appendix I]), special
formulas for preterm infants supply this amount. Human milk, with a
vitamin A concentration of 2230 IU/L (338 IU/100 kcal), does not supply the

Nutritional Needs of the Preterm Infant 91



6TH EDITION

recommended intake. Human milk fortifiers, when used as directed, provide
an additional 6200 to 9500 IU/L. Several studies have indicated that normal
vitamin A status reduces the incidence and severity of lung disease in the
preterm infant,*° although the largest study to date found that the only
benefit was a reduction in oxygen requirement among the survivors at 36
weeks’ postmenstrual age.”® Although additional supplementation may be
beneficial for preterm infants at risk of lung disease, clinicians must weigh
the modest benefits against necessity for repeated intramuscular injections.”

Vitamin E is an antioxidant that actively inhibits fatty acid peroxidation
in cell membranes. The vitamin E requirement increases with the amount of
polyunsaturated fatty acids in the diet. Vitamin E deficiency-induced hemo-
lytic anemia has been reported among preterm infants.?** This syndrome
has been associated with the use of formulas that contain high amounts
of polyunsaturated fatty acids with inadequate vitamin E while providing
supplemental iron, which functions as an oxidant.*6! Current formulas
have been designed to provide a ratio of vitamin E to polyunsaturated fatty
acids that prevents this problem. The enteral intake of vitamin E should be
a minimum of 0.7 IU/100 kcal and at least 1 [U/g of linoleic acid. Pharma-
cologic doses of vitamin E for the prevention or treatment of retinopathy of
prematurity, bronchopulmonary dysplasia, and intraventricular hemorrhage
are not recommended. There is general consensus in the United States that
the preterm infant with birth weight <1500g should receive 6 to 12 IU/kg of
vitamin E per day enterally (Table 4.1). The formulas for preterm infants
supply 4 to 6 IU/100 keal per day. Because the vitamin E content of mature
human milk is quite variable and generally low, powdered human milk forti-
fiers supply the equivalent amount per 100/kcal per day.

Overt vitamin D deficiency is rare in the preterm infant in the United
States, given the maternal vitamin D status and the use of supplemental vita-
min D in total parenteral nutrition solutions and infant formulas. Vitamin D
deficiency has been implicated in the etiology of osteopenia of prematurity,
but it is apparent that the main cause of this condition is a deficiency of
calcium and phosphorus.®” The recommended enteral intake of vitamin D is
between 150 and 400 IU/kg per day (Table 4.1).% Preterm infants with birth
weight <1250 g and gestational age <32 weeks who receive a high mineral-
containing cow milk-based formula and a daily vitamin D intake of approxi-
mately 400 IU maintain normal serum 25-hydroxyvitamin D concentrations
and appropriately elevated 1,25-dihydroxyvitamin D concentrations for many
months.® There is no compelling evidence to give the preterm infant any
more than 400 [U/kg per day of vitamin D. Powdered human milk fortifiers
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and special formulas for preterm infants supply between 200 and 400 IU per
day when fed in the usual amounts.

Hemorrhagic disease of the newborn infant, most commonly seen
in exclusively breastfed infants, results from vitamin K deficiency.® As a
preventive measure, an intramuscular injection of vitamin K is routinely
provided after birth. In preterm infants who weigh more than 1 kg at birth,
the standard prophylactic dose of 1 mg of phylloquinone is appropriate.
Among infants who weigh less than 1 kg, a dose of 0.3 mg/kg of phyllo-
quinone is recommended. Preterm formulas provide sufficient vitamin K to
meet daily needs thereafter. Human milk has a low vitamin K content. The
use of human milk fortifiers that contain supplemental vitamins provide the
additional vitamin K needed to meet the recommended intake of 8 to 10 ug/
kg per day (Table 4.1).%

There is little information regarding supplementation of fat-soluble vita-
mins after hospital discharge. For breastfed infants, supplements of vitamins
A, D, and E are readily available as oral solutions. None of these supple-
ments contain vitamin K. Supplementing formula-fed infants is more prob-
lematic, but in general, if preterm infants are discharged on standard term
infant formulas, they may not receive the recommended amounts of these
vitamins as discussed previously until they reach a weight of 3 kg. Thus,
in the “healthy” preterm infant, it is probably not necessary to supplement
with fat-soluble vitamins after attaining a weight of 3 kg. On the other hand,
special formulas designed for preterm infants after discharge should supply
adequate amounts of the fat-soluble vitamins (Appendix I).

Energy Density and Water Requirements

The energy density of human milk from mothers of preterm and term
infants is approximately 67 kcal/dL (20 kcal/oz) at 21 days of lactation. For-
mulas of this energy density may be used for feeding preterm infants, but
more concentrated formulas (ie, 81 kcal/dL [24 kcal/oz]) are often preferred.
The increased caloric density allows smaller feeding volumes, an advantage
when the gastric capacity is limited or fluid restriction is necessary. Formulas
of this concentration provide most preterm infants with sufficient water for
the excretion of protein metabolic products and electrolytes derived from
the formula. If a higher caloric concentration is needed for special circum-
stances, a 100-kcal/dL (30-kcal/oz) formula is now available to mix half and
half with 24-kcal/oz formula to make a 27-kcal/oz (90-kcal/dL) formula (see
Appendix-I, Table I-1).
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Human Milk
Human milk from the preterm infant’s mother is the enteral feeding of
choice. Human milk is generally well tolerated by preterm infants and has
been reported to promote the earlier achievement of full enteral feeding
compared with infant formula. In addition to its nutritional value, human
milk provides immunologic and antimicrobial components, hormones, and
enzymes that may contribute positively to the infant’s health and devel-
opment.® Nevertheless, once growth is established, the nutritional needs
of the preterm infant exceed those in human milk for protein, calcium,
phosphorus, magnesium, sodium, copper, zinc, folic acid, and vitamins B,
(riboflavin), B, (pyridoxine), C, D, E, and K.%>%

Unlike infant formula, the composition of human milk varies within
a single feeding (or expression), diurnally, and throughout the course of
lactation. Milk from mothers of preterm infants, especially during the first 2
weeks after delivery, contains higher amounts of energy and higher con-
centrations of fat, protein, and sodium but slightly lower concentrations of
lactose, calcium, and phosphorus compared with milk from mothers of term
infants.%” The higher fat content accounts for the higher energy density of
preterm milk. The higher protein content of preterm milk expressed during
the first 2 to 3 weeks of lactation may be sufficient to match the fetal growth
requirement for nitrogen when consumed at very high volumes (180 to 200
ml/kg per day). However, by the end of the first month of lactation, the
protein content of preterm milk is inadequate to meet the needs of most pre-
term infants.®® Metabolic complications associated with the long-term use of
unsupplemented human milk in preterm infants include hyponatremia at 4
to 5 weeks of age,” hypoproteinemia at 8 to 12 weeks of age,®”
at 4 to 5 months of age,” and zinc deficiency at 2 to 6 months of age.®

To correct the nutritional inadequacies of human milk for preterm infants,
human milk fortifiers are available that provide additional protein, miner-
als, and vitamins (Appendix I). When these supplements are added to
human milk in the first postpartum month, the resultant nutrient, mineral,
and vitamin concentrations are similar to those of the formulas developed
for feeding preterm infants. Clinical studies of human milk fortified with
commercially available powdered mixtures show metabolic and growth
effects approaching those of formulas designed for infants with low birth
weight. 234

It has been suggested that immunologic and antimicrobial components of
human milk reduce the incidence of necrotizing enterocolitis’>"4; however,
data to support this claim with donor milk or mother’s own milk are limited.

osteopenia
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Given the relative infrequency of confirmed cases of necrotizing entero-
colitis in preterm infants, a very large randomized controlled trial would be
necessary to demonstrate the protectiveness of human milk.

The presence of milk enzymes, such as bile salt-stimulated lipase and
lipoprotein lipase, may facilitate nutrient bioavailability. In addition, feeding
of human milk from the mother of a preterm infant may promote neuro-
logic development. A nonrandomized study reported higher developmental
scores at 18 months of age and 7.5 to 8 years of age among preterm infants
fed their mother’s milk than among infants fed term formula’; however,
there were many confounding variables in this study.

Facilitating Lactation and Human Milk Handling

Mothers of preterm infants should be encouraged to provide their milk for
feeding their infants. Even mothers who plan to feed infant formula at dis-
charge are often willing to express their milk for a few days or weeks after
delivery. This milk can then be used to establish enteral feeding during the
early critical weeks of life when the infant’s medical condition is less stable.

Mothers should begin expressing their milk within the first 24 hours
after delivery. They should be given verbal and written instructions about
appropriate methods for collection, storage, and handling of their milk’™
and assisted in locating a supplier for breast pumping equipment needed to
establish and maintain a milk supply. Individual counseling about lactation
management issues, such as pumping frequency, methods to facilitate milk
let-down, and breast and nipple care, should be readily available.

Fresh milk from an infant’s mother may be fed immediately or refrigerat-
ed at approximately 4°C. Refrigerated milk should be fed within 48 hours of
expression. Any milk that will not be fed within 48 hours should be frozen
at—20°C, immediately after it has been expressed. Freezing and heat treat-
ment of human milk alter such labile factors as cellular elements, immuno-
globulin (Ig)A, IgM, lactoferrin, lysozyme, and C3 complement. However,
freezing generally preserves these factors better than heat treatment. Human
milk that has been frozen retains most of its immunologic properties (except
for cellular elements) and vitamin content when fed within 3 months of
expression. Routine bacteriologic testing and pasteurization of human milk
is not necessary when it is fed to the mother’s own infant.”

Frozen human milk should be thawed in cool or lukewarm running tap
water or in a basin of warm water. Thawing in a microwave oven is not
recommended, because it reduces the concentration of IgA and decreases
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lysozyme activity and can produce hot spots in the milk.”®”” Thawed human
milk should be stored in a refrigerator and used within 24 hours.

A number of human milk banks in the United States and Canada provide
pooled donor human milk to hospitals on prescription.* More recently,
some for-profit milk banks have been established, but their operation is con-
troversial. Donor human milk banks follow specific procedures recommend-
ed by the Human Milk Banking Association of North America for screen-
ing potential donors for infectious diseases, medical history, and lifestyle
behaviors that could affect the quality of donated milk. There are no federal
regulations or guidelines for banking human milk. Donor milk is pooled,
pasteurized, tested for bacteria and human immunodeficiency virus (HIV),
and frozen for storage. Limited supplies of frozen, raw donor milk that meet
specific bacteriologic testing criteria are also available for the rare instances
in which infants do not tolerate pasteurized milk. Donor milk consists pri-
marily of term human milk and requires fortification when used as a feeding
source for preterm infants. However, to date, pooled donor milk used when
own mother’s milk is not available, compared with specialized formulas for
preterm infants, has not been demonstrated to be advantageous.”

As described previously, powdered milk fortifiers are available for
supplementing human milk for the preterm infant (Appendix I). These are
very similar in content and can be used to supplement human milk for the
preterm infant up to 24 kcal/oz with a well-balanced fortifier containing
protein, minerals, and vitamins. These are designed for mixing with human
milk at the bedside.

Commercial Formulas for Preterm Infants

Commercial preterm infant formulas (Appendix I) have been developed to
meet the unique nutritional needs of the growing preterm infant. Charac-
teristics of this group of formulas include increased amounts of protein and
minerals compared with term formulas, carbohydrate blends of lactose and
glucose polymers, and fat blends containing a portion of the fat as medium-
chain triglycerides. The vitamin contents of these formulas are such that, in

* Information about donor human milk banks in the United States and Canada is available from the Human
Milk Banking Association of North America, 1500 Sunday Drive, Suite 102, Raleigh, NC 27607, (919) 787-5181.
Web site: www.hmbana.org/
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general, no additional multivitamin supplementation is necessary. Preterm
formulas are whey-predominant, cow milk-based formulas. Preterm formu-
las provide 3.0 g of protein/100 kcal, which promotes a rate of weight gain
and body composition similar to that of the reference fetus.”*

The higher intake of calcium and phosphorus provided by preterm for-
mulas increases net mineral retention and improves bone mineral content
compared with standard term formulas.®* No additional supplements of
vitamin D are needed.*”

The fat blends of preterm formulas have been designed to optimize ab-
sorption. Of the fat, 40% to 50% is provided as medium-chain triglycerides.
These fats help reduce losses attributable to low intestinal lipase or bile salt
concentrations. Fat blends providing 40% to 50% of the fat as medium-
chain triglycerides may lead to increased plasma ketones and urinary dicar-
boxylic acid excretion in preterm infants, but this has not been shown to be

detrimental to date.®-?

In 2002, the US Food and Drug Administration (FDA) alerted the pe-
diatric medical community about reports of serious infections in infants
caused by Enterobacter sakazakii that were traced to milk-based powdered
infant formulas that were contaminated with this organism. Powdered
infant formulas are not commercially sterile products. Case reports in the
literature suggest that preterm infants and those with underlying medical
conditions may be at the highest risk of developing infection; therefore, the
FDA recommended that powdered infant formulas not be used for preterm
or immunocompromised infants and that only commercially sterile liquid
formulas designed specifically for preterm infants be used.®® This prohibition
did not extend to use of powdered human milk fortifiers in preterm infants,
because there is no sterile alternative to their use. Caregivers were also
encouraged to follow the infant formula preparation guidelines established
by the American Dietetic Association (http://www.eatright.org) to minimize
contamination risks during the preparation and delivery of enteral nutrition
in preterm infants.

Methods of Enteral Feeding

The method of enteral feeding for each infant should be chosen on the basis
of gestational age, birth weight, clinical condition, and experience of the
hospital nursing personnel. Specific feeding decisions that must be made by
the clinician include age to initiate feeding, type of feeding (formula, human
milk), method of delivery, feeding frequency, and rate of advancement.
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Even minimal enteral feedings have often been delayed when infants re-
quire high ventilatory settings or continuous positive airway pressure, have
umbilical catheters, or are perceived to be at risk of necrotizing enterocolitis.
However, a number of well-designed studies have identified advantages
for the early introduction of low-volume, “priming” feedings (1 mL every
2-4 hours), even when some of these factors are present.®*% Among the
benefits reported for early enteral nutrition are a decreased incidence of in-
direct hyperbilirubinemia, cholestatic jaundice, and metabolic bone disease;
increased concentrations of gastrin and other enteric hormones; fewer days
to achieve full enteral feeding; and increased weight gain. These studies have
not found an increased incidence of necrotizing enterocolitis among preterm
infants receiving early, minimal enteral feedings. On the basis of the avail-
able evidence, the institution of early enteral feedings should be considered
for all infants with very low birth weight. Although there is no uniform
definition of these so called “trophic” or “priming” feedings and these terms
have been used in the literature to describe nonnutritive intakes ranging
from 1 to 25 mL/kg per day, it is recommended that trophic feedings of hu-
man milk be started as soon as possible after birth.

The route of enteral feeding is determined by the infant’s ability to coor-
dinate sucking, swallowing, and breathing, which appear at approximately
32 to 34 weeks of gestation. Preterm infants of this gestational age who
are alert and vigorous may be fed by nipple or offered the breast. Infants
who are more preterm or critically ill require feeding by tube. Nasogastric
and orogastric feedings are the most commonly used tube feedings. Use
of the stomach maximizes the digestive capability of the gastrointestinal
tract. A large randomized study demonstrated increased feeding intoler-
ance and decreased growth in preterm infants fed continuously compared
with those fed by bolus.¥” On the other hand, transpyloric feedings provide
no improvement in energy intake or growth and may be associated with
significant risks.® This method of feeding should be undertaken only in rare
instances (ie, prolonged gastroparesis or dysmotility), and gastric feedings
should be resumed as soon as possible. Gastrostomy tube feeding should be
considered for infants who will be unable to nipple feed for long periods of
time, to decrease negative oral stimulation associated with feeding tubes.

Infants who receive nasogastric, orogastric, or gastrostomy tube feedings
may be fed on an intermittent bolus or continuous schedule. Because of the
significant differences in the criteria used to define feeding intolerance in ex-
isting studies, it is difficult to compare the effect of these 2 feeding methods
on feeding tolerance. Bolus feedings have been associated with cyclical hor-
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mone release that is commonly thought to be more physiological.¥ On the
other hand, in a study of the duodenal motor response to feeding in preterm
infants, full-strength formula given continuously over 2 hours produced a
normal duodenal motility pattern, whereas the same volume administered
as a 15-minute bolus feeding actually inhibited motor activity®’; therefore,

a “slow bolus” technique (ie, intermittent feedings lasting from 30 minutes
to 2 hours) may be the best-tolerated feeding method. Continuous drip
feedings may be better tolerated in some infants, particularly those with de-
layed gastric emptying and/or decreased distal motility. Decreased nutrient
absorption is also a problem associated with continuous drip feeding.” Fat
from human milk and medium-chain triglyceride additives tends to adhere
to the feeding tube surfaces and reduces energy density.”>”® Likewise, the
loss of nutrients from fortifiers used to supplement human milk is increased
when given in a continuous feeding.**

The ideal initial feeding is full-strength human milk, with full-strength
formula used only when human milk is not available. There is no evidence
to support use of diluted human milk or formula as the initial feeding, a
strategy that only serves to decrease nutrient intake.

Parenteral Nutrition (see Table 4.2)

Parenteral administration of glucose, fat, and amino acids is an important as-
pect of the nutritional care of preterm infants, particularly those who weigh
<1500 g. The high incidence of respiratory problems, limited gastric capac-
ity, and intestinal hypomotility in small preterm infants dictates the need for
slow advancement of the volume of enteral feedings.

Parenteral nutrition can supplement the slowly increasing enteral feedings
so the total daily intake by both routes meets the infant’s nutritional needs.
When necessary, most nutritional requirements can be met for considerable
periods by the parenteral route alone.

Fluid therapy is designed to avoid dehydration or overhydration, to
provide stable electrolyte and glucose concentrations, and to avoid abnor-
mal acid-base balance. For preterm infants with a birth weight >1500 g,
fluid regimens should provide 60 to 80 mL/kg on the first day and should
increase to 110 to 120 mL/kg by the fourth day of a solution containing up
to 3 to 4 mEq/kg of sodium as a mixture of chloride and acetate to correct
sodium losses and acidosis.” For infants with a birth weight of 1000 to 1500
g, a similar fluid should be given, with sodium added after serum sodium
concentration decreases below 140 mg/dL. For infants with a birth weight
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<1000 g, generally higher fluid intakes are necessary in the first 5 days of
life, dependent on urine output and insensible water losses, which may be 5
to 7 mL/kg per hour in extreme cases.?*® Once full total parenteral nutri-
tion has been achieved with a weight gain of 15 to 20 g/kg per day, fluid
rates will be in the range of 140 to 160 mL/kg per day in most infants. For
this active period of growth, 2 to 4 mEq/kg per day of sodium and chloride
and 1.5 to 2 mEq/kg per day of potassium will be needed.?®* Higher intakes
of sodium and chloride may be required in very preterm infants with high
urinary excretion of electrolytes.

Body protein stores are lost at high rates in preterm infants who are
receiving glucose alone.” At a minimum, intravenous amino acids should
be provided to infants with very low birth weight at 1.5 to 2 g/kg per day as
early as possible (within the first 24 hours of life) to preserve body protein
stores.!%%1% Furthermore, studies have documented no clinically significant
increase in metabolic acidosis, blood urea nitrogen concentration, or ammo-
nia concentration with early amino acid administration.!%21%

Positive nitrogen balance, which indicates an anabolic state, can occur
with parenteral lipid or glucose energy intakes of 60 kcal/kg per day and ami-
no acid intakes of 2.5 to 3.0 g/kg per day.!** With nonprotein energy intakes
of 80 to 85 kcal/kg per day and amino acid intakes of 2.7 to 3.5 g/kg per day,
nitrogen retention may occur at the fetal rate.!’>' Growth generally requires
a minimum parenteral nonprotein energy intake of 70 kcal/kg per day.

Use of glucose as the sole nonprotein energy source presents several prob-
lems. Concentrations of glucose higher than 12.5 g/dL cause local irritation
of peripheral veins. In addition, preterm infants with very low birth weight
have poor glucose tolerance during the first days of life, with hyperglyce-
mia (serum glucose concentration >150 mg/dL) occurring frequently when
glucose infusion rates exceed 6 mg/kg per minute.!”” To avoid the potentially
adverse effects of widely varying serum osmolality and osmotic diuresis from
substantial glycosuria, glucose infusion rates should start at a rate less than 6
mg/kg per minute (8.6 g/kg per day). Usually, a steady increase of the glucose
infusion rate stimulates endogenous insulin secretion, and an infusion rate of
11 to 12 mg/kg per minute (130 to 140 mL/kg per day of a 13-g/dL solution)
is tolerated after 5 to 7 days of parenteral nutrition. Insulin has been admin-
istered to achieve an energy intake sufficient for growth.!®1° However, the
use of insulin in this situation is still considered investigational, and it may
produce wide variations in blood glucose concentrations, with resulting peri-

ods of hypoglycemia, as well as some lactic acidosis.!!!
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The availability of intravenous lipid preparations has allowed the provi-
sion of energy adequate for growth via peripheral veins. The lipids have a
high concentration of calories (2.0 kcal/mL in the 20% preparation) but have
the same osmolality as plasma and, thus, do not irritate the veins. Lipid tol-
erance is clearly superior with 20% compared with 10% solutions because
of the lower phospholipid emulsifier content of the 20% solution; therefore,
10% intravenous lipid solutions should not be used.'"* The tolerance for
parenteral lipid is lower in newborn infants than in older children and is
even further decreased in the small preterm infant.!*"** In addition, infants
with restricted intrauterine growth have even lower parenteral fat tolerance
than would be predicted from their gestational ages. Thus, the lipid should
be administered continuously over 18 to 24 hours per day at an initial dose
of 1.0 to 2.0 g/kg per day and should be increased to a maximum of 3.0 g/
kg per day during the first few days of life. Fat tolerance can be assessed by
measuring serum triglyceride concentrations, which should be kept less than
200 mg/dL. The role of carnitine deficiency in causing the poor tolerance of
lipids in the parenterally fed preterm infant is uncertain. Blood and tissue
carnitine concentrations are low in preterm infants.!® Intravenous carnitine
may enhance the preterm infant’s ability to use exogenous fat for energy,
although clinical studies are contradictory in demonstrating metabolic or
physiologic benefit in preterm infants after addition of carnitine to parenteral
nutrition solutions.!*!"” Intravenous lipids increase serum concentrations
of free fatty acids, which can displace bilirubin from albumin-binding sites.
However, studies have demonstrated that if parenteral lipids are provided
continuously over a 24-hour period, free bilirubin is unaffected, and intrave-
nous lipids do not need to be discontinued in jaundiced infants.!>!1

The provision of calcium and phosphorus intravenously can be accom-
plished more easily with currently used amino acid mixtures with added
cysteine, because cysteine lowers the pH enough to allow the addition of
calcium and phosphorus in increased amounts. Fetal calcium concentra-
tion and phosphorus accretion requirements cannot generally be met with
parenteral nutrition, but severe metabolic bone disease in preterm infants
can be minimized by adding calcium and phosphorous to parenteral amino
acid solutions containing at least 2.5 g/dL amino acids and by administering
the solution at 120 to 150 mL/kg per day.?” Each institution should establish
calcium and phosphorous solubility curves for their parenteral nutrition
solutions. Goals for calcium intake are 60 to 80 mg/kg per day and goals for
phosphorous intake are 39 to 67 mg/kg per day. %
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When parenteral nutrition supplements enteral feedings or is limited to 1
to 2 weeks, zinc is the only trace mineral that needs to be added. If total par-
enteral nutrition is required for a longer period, other trace minerals may be
added; however, copper and manganese should be omitted in the presence
of obstructive jaundice, and selenium and chromium should be omitted in
patients with renal dysfunction.®

Two parenteral vitamin solutions are available for use in preterm infants in
the United States. With MVI Pediatric (AstraZeneca Pharmaceuticals, Wilm-
ington, DE), the recommended daily dose of parenteral vitamins for preterm
infants is 40% of the currently available single-dose vial of the lyophilized
multivitamin mixture (Table 4.4).4452 With INFUVITE Pediatric (Boucherville,
Quebec, Canada), the 4-mL and 1-mL vials are combined at the time of total
parenteral nutrition solution preparation, and 40% of the 5-mL solution
(2 ml) is added. These vitamin mixtures given at this dosage provide the
recommended amounts of vitamins E and K, low amounts of vitamins A and
D, and excess amounts of most B vitamins. However, a more appropriate
mixture is not available, and individual vitamins are not available for paren-
teral use. A practical problem in providing fat-soluble vitamins parenterally is
adherence to the plastic tubing in intravenous administration sets, especially
for vitamin A. This can be overcome in part by administering the multivita-
min mixture in the lipid emulsion used for parenteral nutrition.!*”

Feeding the Preterm Infant After Discharge

With infants now leaving neonatal intensive care units with weight as low
as 1500 g and/or receiving human milk as well, the nutrition of the post-
discharge preterm infant has assumed new importance and is of growing
concern. Even though the rate of intrauterine weight gain is often achieved
before discharge with intensive dietary management, catch-up growth
itself does not occur until well after discharge.®* To bridge the change from
preterm to standard infant formulas in formula-fed infants, “transitional”
formulas with intermediate nutrient density have been developed for feed-
ing the preterm infant as weight approaches 2000 g and the time of hos-
pital discharge nears.'?® These formulas may be mixed to 22 or 24 kcal/
oz. Because the vitamin content of these formulas is higher than standard
infant formulas, supplemental vitamins should be discontinued. However,
a recent meta-analysis of randomized controlled trials concluded that these
formulas with higher energy and protein content had limited benefits at best
for growth and development up to 18 months after term compared with
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standard infant formulas.’® In some of the randomized trials, infants on
standard formulas simply increased their volume of intake compared with
the infants on the special discharge formulas, thus, largely compensating for
any additional nutrients from the special transitional formulas.!?*1%:130

Table 4.4
Vitamins Provided With Total Parenteral Nutrition Solutions*

Amount Provided

Vitamin Per2 mL
Ascorbic acid (vitamin C) 80 mg
Vitamin A (retinol)' 2300 USP units
Vitamin D' 400 USP units
Thiamine (vitamin B, ) (as the hydrochloride) 1.20 mg
Riboflavin (vitamin B,) (as riboflavin-5-phosphate sodium) 1.4 mg
Pyridoxine (vitamin By) (as the hydrochloride) 1.0 mg
Niacinamide 17.0 mg
Dexpanthenol (pantothenyl alcohol) 5mg
Vitamin E (p-a-tocopheryl acetate) 7.0 USP units
Biotin 20 pg
Folic acid 140 pg
Vitamin B, (cyanocobolamin) 1.0 ug
Vitamin K, (phylloguinone)' 200 pg

* MVI Pediatric is a lyophilized, sterile powder intended for reconstitution and dilution in intravenous infusions.
INFUVITE Pediatric is provided in 4-mL and 1-mL vials that can be combined for administration. For each
vitamin mixture, 5 mL of reconstituted product provides the indicated amounts of the vitamins.

T Fat-soluble vitamins solubilized with polysorbate 80.

In general, there is a paucity of data on what to feed the preterm in-
fant after hospital discharge, especially if the goal is to achieve “catch-up”
growth. How fast these preterm infants (and especially those born small for
gestational age) should demonstrate catch-up growth after hospital dis-
charge is an area in critical need of research given the increased risk of these
infants developing the metabolic syndrome later in life.!313¢

More information is also needed for the preterm infant who is main-
tained on human milk after discharge. These infants require supplemental
vitamins and iron as well as more careful monitoring of growth parameters
after discharge. In infants who are maintained on standard formulas after
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discharge, supplemental vitamins should also be given, and any formula
used should be iron fortified. However, there is no information that indi-
cates how long after discharge these supplements should be continued.

Conclusion

Nutrition plays a major role in the ultimate well-being of the increasing
number of preterm infants with very low birth weight who survive, and

it is becoming clear that early nutritional intervention can have long-term
consequences.®'® Because of the potential damage caused by inadequate
nutrition during the early neonatal period, the dilemma of feeding the
preterm infant is that of providing sufficient nutrition by enteral and paren-
teral routes to ensure optimal growth and development without inducing
additional morbidity and mortality secondary to the feedings. A randomized
controlled trial has demonstrated that early aggressive enteral and parenteral
nutrition in sick infants with very low birth weight can improve growth
outcomes without increasing the risk of all measured clinical and metabolic
sequelae.’® Although most infants with very low birth weight have achieved
the intrauterine growth rate by the time of discharge, most are still less

than the 10th percentile for their postconceptional age at this time. Altering
these nutritional outcomes will require a more sustained effort to provide
adequate nutritional support in early postnatal life, both before and after
hospital discharge.

References

1. Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific
Basis and Practical Guidelines. 2nd ed. Cincinnati, OH: Digital Educational Publishing Inc;
2005

2. American Academy of Pediatrics, Committee on Nutrition. Nutritional needs of low-birth-
weight infants. Pediatrics. 1985;75:976-986

3. Lemons JA, Bauer CR, Oh W, et al. Very low birth weight outcomes of the National Institute
of Child Health and Human Development Neonatal Research Network, January 1995 through
December 1996. Pediatrics. 2001;107(1):e1. Available at: http://pediatrics.aappublications.
org/cgi/content/full/107/1/e1. Accessed July 6, 2007

4. Ehrenkranz RA, Younes N, Lemons JA, et al. Longitudinal growth of hospitalized very low
birth weight infants. Pediatrics. 1999;104:280-289

5. Dusick AM, Poindexter BB, Ehrenkranz RA, Lemons JA. Growth failure in the preterm infant:
can we catch up? Semin Perinatol. 2003;27:302-310

6. Reichman B, Chessex P, Putet G, et al. Diet fat, accretion, and growth in premature infants.
N Engl J Med. 1981;305:1495-1500

104 Chapter4


http://pediatrics.aappublications.org/cgi/content/full/107/1/e1

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

PEDIATRIC NUTRITION HANDBOOK

Morley R, Lucas A. Influence of early diet on outcome in preterm infants. Acta Paediatr
Suppl. 1994;405:123-126

Roberts SB, Young VR. Energy costs of fat and protein deposition in the human infant.
Am J Clin Nutr. 1988;48:951-955

Bremer HJ, Wharton BA. Nutrition and Feeding of Preterm Infants. Oxford, England:
Blackwell Scientific Publications; 1987

Leitch CA, Denne SC. Energy. In: Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of
the Preterm Infant: Scientific Basis and Practical Guidelines. 2nd ed. Cincinnati, OH: Digital
Educational Publishing Inc; 2005:23-44

Cooke R, Embleton N, Rigo J, Carrie A, Haschke, F, Ziegler E. High protein pre-term infant
formula: effect on nutrient balance, metabolic status and growth. Pediatr Res. 2006;59:1-6

Premji SS, Fenton TR, Suave RS. Higher versus lower protein intake in formula-fed low birth
weight infants. Cochrane Database Syst Rev. 2006(1):CD003959

Gaull GE, Rassin DK, Raiha NC, Heinonen K. Milk protein quantity and quality in low-
birth-weight infants. Ill. Effects on sulfur amino acids in plasma and urine. J Pediatr.
1977;90:348-355

Raiha NC, Heinonen K, Rassin DK, Gaull GE. Milk protein quantity and quality in
low-birthweight infants. I. Metabolic responses and effects on growth. Pediatrics.
1976;57:659-684

Kashyap S, Schulze KF, Forsyth M, et al. Growth, nutrient retention, and metabolic
response in low birth weight infants fed varying intakes of protein and energy. J Pediatr.
1988;113:713-721

Rigo J, Senterre J. Significance of plasma amino acid pattern in preterm infants. Bio/
Neonate. 1987;52(Suppl 1):41-49

Shenai JP, Jhaveri BM, Reynolds JW, Huston RK, Babson SG. Nutritional balance studies in
very low-hirth-weight infants: role of soy formula. Pediatrics. 1981;67:631-637

Alemi B, Hamosh M, Scanlon JW, Salzman-Mann C, Hamosh P. Fat digestion in very
low-birth-weight infants: effect of addition of human milk to low-birth-weight formula.
Pediatrics. 1981;68:484—489

Bustamante SA, Fiello A, Pollack PF. Growth of premature infants fed formulas with 10%,
30%, or 50% medium-chain triglycerides. Am J Dis Child. 1987;141:516-519

Carnielli VP, Wattimena DJ, Luijendijk IH, Boerlage A, Degenhart HJ, Sauer PJ. The very low
birth weight premature infant is capable of synthesizing arachidonic and docosahexaenoic
acids from linoleic and linolenic acids. Pediatr Res. 1996;40:169-174

Sauerwald TU, Hachey DL, Jensen CL, Chen H, Anderson RE, Heird WC. Intermediates in
endogenous synthesis of C22:6 omega 3 and C20:4 omega 6 by term and preterm infants.
Pediatr Res. 1997;41:183-187

Simmer K, Patole S. Long chain polyunsaturated fatty acid supplementation in preterm
infants. Cochrane Database Syst Rev. 2004;(1):CD000375

Heird WC, Lapillonne A. The role of essential fatty acids in development. Annu Rev Nutr.
2005;25:549-571

Fleith M, Candinin MT. Dietary PUFA for preterm and term infants: review of clinical studies.
Crit Rev Food Sci Nutr. 2005;45:205-229

Nutritional Needs of the Preterm Infant 105



6TH EDITION

25.

26.

2].

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

106

Kien Cl, Heitlinger LA, Li BU, Murray RD. Digestion, absorption, and fermentation of
carbohydrate. Semin Perinatol. 1989;13:78-87

Parimi P, Kalhan SC. Carbohydrates including oligosaccharides and inositol. In: Tsang RC,
Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and
Practical Guidelines. Cincinnati, OH: Digital Educational Publishing; 2005:81-95

Wirth FH Jr, Numerof B, Pleban P, Neylan MJ. Effect of lactose on mineral absorption in
preterm infants. J Pedliatr. 1990;117:283-287

Fusch Ch, Jochum F. Water, sodium, potassium and chloride. In: Tsang RC, Uauy R, Koletzko
B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and Practical Guidelines.
Cincinnati, OH: Digital Educational Publishing; 2005:201-244

Atkinson SA, Tsang RC. Calcium, magnesium, phosphorus, and vitamin D. In: Tsang RC, Uauy
R, Koletzko B, Zlotkin S, eds. Nutrition of the Preterm Infant: Scientific Basis and Practical
Guidelines. Cincinnati, OH: Digital Educational Publishing; 2005:245-275

Koo WW, Sherman R, Succop P, et al. Fractures and rickets in very low birth weight infants:
conservative management and outcome. J Pediatr Orthop. 1989;9:326-330

Chan GM, Mileur L, Hansen JW. Effects of increased calcium and phosphorus formulas

and human milk on bone mineralization in preterm infants. J Pediatr Gastroenterol Nutr.
1986;5:444-449

Ehrenkranz RA, Gettner PA, Nelli CM. Nutrient balance studies in premature infants

fed premature formula or fortified preterm human milk. J Pediatr Gastroenterol Nutr.
1989;8:58-67

Schanler RJ, Garza C. Improved mineral balance in very low birth weight infants fed fortified
human milk. J Pediatr. 1988;112:452—456

Greer FR, McCormick A. Improved bone mineralization and growth in premature infants fed
fortified own mother’s milk. J Pediatr. 1988;112:961-969

Rao R, Georgieff M. Microminerals. In: Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds.
Nutrition of the Preterm Infant: Scientific Basis and Practical Guidelines. Cincinnati, OH:
Digital Educational Publishing; 2005:277-310

Strauss, RG. Controversies in the management of the anemia of prematurity using single-
donor red blood cell transfusions and/or recombinant human erythropoietin. Transf Med Rev.
2006;20:34—44

Ohls RK. Erythropoietin treatment in extremely low birth weight infants: blood in versus
blood out. J Pediatr. 2002;141:3-6

Zipursky A. Erythropoietin therapy for premature infants: cost without benefit? Pediatr Res.
2000;48:136

Franz AR, Mihatsch WA, Sander S, Kron M, Pohlandt F. Prospective randomized trial of early
versus late enteral iron supplementation in infants with a birth weight of less than 1301
grams. Pediatrics. 2000;106:700-706

Widdowson EM, Southgate DAT, Hey E. Fetal growth and body composition. In: Lindblade B,
ed. Perinatal Nutrition. San Diego, CA: Academic Press; 1988:3—14

Zlotkin SH. Assessment of trace element requirements (zinc) in newborns and young infants,

including the infant born prematurely. In: Chandra RK, ed. Trace Elements in Nutrition of
Children Il. New York, NY: Raven Press; 1991:49-64

Chapter 4



42.

43.

44,

45,

46.

47.

48.

49

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

PEDIATRIC NUTRITION HANDBOOK

Ehrenkranz RA, Gettener PA, Nelli CM, et al. Zinc and copper nutritional studies in very
low birth weight infants: comparison of stable isotopic extrinsic tag and chemical balance
methods. Pediatr Res. 1989;26:298-307

Delange F, Dalhem A, Bourdoux P, et al. Increased risk of primary hypothyroidism in preterm
infants. J Pediatr. 1984;105:462-469

Schanler R. Water-soluble vitamins for preterm infants. In: Tsang RC, Uauy R, Koletzko B,
Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and Practical Guidelines.
Cincinnati, OH: Digital Educational Publishing; 2005:173-199

Mock DM, delLorimer AA, Liebman WM, Sweetman L, Baker H. Biotin deficiency: an unusual
complication of parenteral alimentation. N Eng/ J Med. 1981;304:820-823

Burland WL, Simpson K, Lord J. Response of low birthweight infants to treatment with folic
acid. Arch Dis Child. 1971;46:189-194

Kendall AC, Jones EE, Wilson Cl, Shinton NK, Elwood PC. Folic acid in low-birthweight
infants. Arch Dis Child. 1974;49:736-738

Stevens D, Burman D, Strelling MK, Morris A. Folic acid supplementation in low birth weight
infants. Pediatrics. 1979;64:333-335

Higginbottom MC, Sweetman L, Nyhan WL. A syndrome of methylmalonic aciduria,
homocystinuria, megaloblastic anemia and neurologic abnormalities in a vitamin B12
deficient breast-fed infant of a strict vegetarian. N Engl J Med. 1978;299:317-323

Shenai JP, Chytil F, Stahiman MT. Liver vitamin A reserves of very low birth weight neonates.
Pediatr Res. 1985;19:892-893

Shenai JP, Chytil F, Jhaveri A, Stahlman MT. Plasma vitamin A and retinol-binding protein in
premature and term neonates. J Pediatr. 1981;99:302—-305

Greer FR. Vitamins A, E, and K. In: Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition
of the Preterm Infant: Scientific Basis and Practical Guidelines. Cincinnati, OH: Digital
Educational Publishing; 2005:141-172

Shenai JP, Rush MG, Stahiman MT, Chytil F. Plasma retinol-binding protein response to
vitamin A administration in infants susceptible to bronchopulmonary dysplasia. J Pediatr.
1990; 116:607-614

Shenai JP, Kennedy KA, Chytil F, Stahlman MT. Clinical trial of vitamin A supplementation in
infants susceptible to bronchopulmonary dysplasia. J Pediatr. 1987;111:269-277

Robbins ST, Fletcher AB. Early vs delayed vitamin A supplementation in very-low-birth-
weight infants. JPEN J Parenter Enteral Nutr. 1993;17:220-225

Tyson JE, Wright LL, Oh W, Kennedy KA, Mele L, Ehrenkranz RA, Stoll BJ, Lemons JA,
Stevenson DK, Bauer CR, Korones SB, Fanaroff AA, Vitamin A supplementation for
extremely-low-birth-weight infants N Engl J Med. 1999;340:1962—1968

Darlow BA, Graham PJ. Vitamin A supplementation for preventing morbidity and mortality in
very low birthweight infants. Cochrane Database Syst Rev. 2002;(2):CD000501

Oski FA, Barness LA. Vitamin E deficiency: a previously unrecognized cause of hemolytic
anemia in the premature infant. J Pediatr. 1967;70:211-220

Ritchie JH, Fish MB, McMasters V, Grossman M. Edema and hemolytic anemia in premature
infants: a vitamin E deficiency syndrome. N Engl J Med. 1968;279:1185-1190

Nutritional Needs of the Preterm Infant 107



6TH EDITION

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

n.

72.

73.

74.

75.

76.

1.

108

Williams ML, Shott RJ, O'Neal PL, Oski FA. Role of dietary iron and fat on vitamin E
deficiency anemia of infancy. N Engl J Med. 1975;292:887-890

Gross S, Melhorn DK. Vitamin E-dependent anemia in the premature infant. J Pediatr.
1974;85:753-759

Greer FR. Osteopenia of prematurity. Annu Rev Nutr. 1994;14:169-185
Cooke R, Hollis B, Conner C, Watson D, Werkman S, Chesney R. Vitamin D and mineral

metabolism in the very low birth weight infant receiving 400 IU of vitamin D. J Pediatr.
1990;116:423-428

Greer FR, Zachman RD. Neonatal vitamin metabolism: fat soluble. In: Cowett RM, ed.
Principles of Perinatal-Neonatal Metabolism. 2nd ed. New York, NY: Springer Verlag;
1998:943-975

Schanler RJ, Atkinson SA. Human milk. In: Tsang RC, Uauy R, Koletzko B, Zlotkin SH, eds.
Nutrition of the Preterm Infant: Scientific Basis and Practical Guidelines. Cincinnati, OH:
Digital Educational Publishing; 2005:333—356

Yu VYH, Simmer K. Enteral nutrition: practical aspects, strategy, and management. In: Tsang
RC, Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the Preterm Infant: Scientific Basis and
Practical Guidelines. Cincinnati, OH: Digital Educational Publishing; 2005:311-332

Atkinson SA. Effects of gestational age at delivery on human milk components. In: Jensen
RG, ed. Handbook of Milk Composition. San Diego, CA: Academic Press; 1995:222-237
Lucas A, Hudson G. Preterm milk as a source of protein for low birthweight infants. Arch Dis
Child. 1984;59:831-836

Engelke SC, Shah BL, Vasan U, Raye JR. Sodium balance in very low-birth-weight infants.

J Pediatr. 1978;93:837-841

Ronnholm KA, Sipila I, Siimes MA. Human milk protein supplementation for the prevention
of hypoproteinemia without metabolic imbalance in breast milk-fed, very low-birth-weight
infants. J Pediatr. 1982;101:243-247

Greer FR, Steichen JJ, Tsang RC. Calcium and phosphate supplements in breast milk-related
rickets: results in a very-low-birth-weight infant. Am J Dis Child. 1982;136:581-583

Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Lancet.
1990;336:1519-1523

Schanler RJ, Shulman RJ, Lau C. Feeding strategies for premature infants: beneficial
outcomes of feeding fortified human milk versus preterm formulas. Pediatrics.
1999;103:1150-1157

Schanler RJ, Lau C, Hurst NE, Smith EQ. Randomized trial of donor human milk versus
preterm formula as substitutes for mothers” own milk in the feeding of extremely premature
infants. Pediatrics. 2005;116:400-406

Human Milk Banking Association of North America. 2006 Best Practice for Expressing,
Storing and Handling of Mother's Own Milk in Hospital and at Home. Raleigh, NC: Human
Milk Banking Association of North America; 2006

Quan R, Yang C, Rubenstein S, et al. Effects of microwave radiation on anti-infective factors
in human milk. Pediiatrics. 1992;89:667-669

Sigman M, Burke KI, Swarner OW, Shavlik GW. Effects of microwaving human milk: changes
in IgA content and bacterial count. J Am Diet Assoc. 1989;89:690-692

Chapter 4



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

PEDIATRIC NUTRITION HANDBOOK

Putet G, Senterre J, Rigo J, Salle B. Nutrient balance, energy utilization, and composition of
gain in very-low-birth-weight infants fed pooled human milk or a preterm formula. J Pediatr.
1984;105:79-85

Gross SJ. Growth and biochemical response of preterm infants fed human milk or modified
infant formula. N Engl J Med. 1983;308:237-241

Schulze KF, Stefanski M, Masterson J, et al. Energy expenditure, energy balance, and
composition of weight gain in low birth weight infants fed diets of different protein and
energy content. J Pediatr. 1989;110:753-759

Sulkers EJ, Lafeber HN, Sauer PJ. Quantitation of oxidation of medium-chain triglycerides in
preterm infants. Pediatr Res. 1989;26: 294—297

Ponder DL. Medium chain trigylceride and urinary di-carboxylic acids in newborns. JPEN

J Parenter Enteral Nutr. 1991;93-94

Taylor, CJ. Health Professionals Letter on Enterobacter sakazakii Infections Associated with
the Use of Powdered (Dry) Infant Formulas in Neonatal Intensive Care Units. April 11, 2002.
US Food and Drug Administration, Center for Food Safety and Applied Nutrition, Office

of Nutritional Products, Labeling and Dietary Supplements. Available at: www.cfsan.fda.
gov/~dms/inf-Itr3.html. Accessed July 6, 2007

Berseth CL. Effect of early feeding on maturation of the preterm infant's small intestine.

J Pediatr. 1992;120:947-953

Davey AM, Wagner CL, Cox C, Kendig JW. Feeding premature infants while low umbilical
artery catheters are in place: a prospective, randomized trial. J Pediatr. 1994;124:795-799
McClure RJ, Newell SJ. Randomised controlled trial of trophic feeding and gut motility. Arch
Dis Child. 1999;80:F54—F58

Schanler RJ, Shulman RJ, Lau C, Smith EQ, Heitkemper MM. Feeding strategies for
premature infants: randomized trial of gastrointestinal priming and tube-feeding method.
Pediatrics. 1999;103:434-439

MacDonald PD, Skeoch CH, Carse H, et al. Randomized trial of continuous nasogastric, bolus
nasogastric, and transpyloric feeding in infants of birth weight under 1400g. Arch Dis Child.
1992;67:429-431

Ansley-Green A, Adrian TE, Bloom SR. Feeding and the development of enteroinsular
hormone secretion in the preterm infant. Effects of continuous gastric infusions or human
milk compared with intermittent boluses. Acta Paediatr Scand. 1982;71:379-383

Baker JH, Berseth CL. Duodenal motor responses in preterm infants fed formula with varying
concentrations and rates of infusion. Pediatr Res. 1997,42:618-622

Roy RN, Pollnitz RB, Hamilton JR, Chance GW. Impaired assimilation of nasojejunal feeds in
healthy low-birth-weight newborn infants. J Pediatr. 1977;90:431-434

Greer FR, McCormick A, Loker J. Changes in fat concentration of human milk during

delivery by intermittent bolus and continuous mechanical pump infusion. J Pediatr.
1984;105:745-749

Mehta NR, Hamosh M, Bitman J, Wood DL. Adherence of medium-chain fatty acids

to feeding tubes during gavage feeding of human milk fortified with medium-chain
triglycerides. J Pediatr. 1988;112:474—476

Nutritional Needs of the Preterm Infant 109


http://www.cfsan.fda.gov/~dms/inf-ltr3.html

6TH EDITION

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110

Bhatia J, Rassin DK. Human milk supplementation: delivery of energy, calcium, phosphorus,
magnesium, copper, and zinc. Am J Dis Child. 1988;142:445-447

Ekblad H, Kero P, Takala J, Korvenranta H, Valimaki |. Water, sodium and acid-base balance
in premature infants: therapeutical aspects. Acta Paediatr Scand. 1987;76:47-53

Denne SC, Karn CA, Ahlrichs JA, Dorotheo AR, Wang J, Liechty EA. Proteolysis and
phenylalanine hydroxlyation in response to parenteral nutrition in extremely premature and
normal newborns. J Clin Invest. 1996,97:746—754

Mitton SG, Calder AG, Garlick PJ. Protein turnover rates in sick, premature neonates during
the first few days of life. Pediatric Res. 1992;30:418—422

Rivera A Jr, Bell EF, Bier DM. Effect of intravenous amino acids on protein metabolism of
preterm infants during the first three days of life. Pediatr Res. 1993;33:106—111

Kashyap S, Heird WC. Protein requirements of low birthweight, very low birthweight,

and small for gestational age infants. In: Raiha NCR, ed. Protein Metabolism During

Infancy. Nestle Nutrition Workshap Series. Vol 33. New York, NY: Vevey/Raven Press Ltd;
1994:133-151

Van Lingen RA. Van Goudoever JB, Luijendijk IH, Wattimena JL, Saur PJ. Effects of early
amino acid administration during total parenteral nutrition on protein metabolism in pre-term
infants. Clin Sci (Lond). 1992;82:199-203

Van Goudoever JB, Colen T, Wattimena JL, Huijmans JG,Carnielli VP, Sauer PJ. Immediate
commencement of amino acid supplementation in preterm infants: effect on serum amino
acid concentrations and protein kinetics on the first day of life. J Pediatr. 1995;127:458-465

Thureen PJ, Melara D, Fennessey PV, Hay WW. Effect of low versus high intravenous

amino acid intake on very low birth weight infants in the early neonatal period. Pediatr Res.
2003;53:24-32

Ridout E, Melara D, Rottinghaus S, Thureen PJ. Blood urea nitrogen concentration as a
marker of amino-acid intolerance in neonates with birthweight less than 1250 g. J Perinatol.
2005;25:130-133

Anderson TL, Muttart CR, Bieber MA, Nicholson JF, Heird WC. A controlled trial of glucose
versus glucose and amino acids in premature infants. J Pediatr. 1979;94:947-951

Duffy B, Gunn T, Collinge J, Pencharz P. The effect of varying protein quality and energy
intake on the nitrogen metabolism of parenterally fed very low hirthweight (less than 1600 g)
infants. Pediatr Res. 1981;15:1040—-1044

Zlotkin SH, Bryan MH, Anderson GH. Intravenous nitrogen and energy intakes required

to duplicate in utero nitrogen accretion in prematurely born human infants. J Pediatr.
1981;99:115-120

Dweck HS, Cassady G. Glucose intolerance in infants of very low birth weight. I. Incidence of
hyperglycemia in infants of birth weights 1,100 grams or less. Pediatrics. 1974;53:189-195
Binder ND, Raschko PK, Benda Gl, Reynolds JW. Insulin infusion with parenteral nutrition in
extremely low birth weight infants with hyperglycemia. J Pediatr. 1989;114: 273-280
Collins JW, Hoppe M, Brown K, Edidin DV, Padbury J, Ogata ES. A controlled trial of

Insulin infusion and parenteral nutrition in extremely low birth weight infants with glucose
intolerance. J Pediatr. 1991;118:921-927

Chapter 4



110.

111

112.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

PEDIATRIC NUTRITION HANDBOOK

Kanarek KS, Santeiro ML, Malone JI. Continuous infusion of insulin in hyperglycemic low-
birth weight infants receiving parenteral nutrition with and without lipid emulsion. JPEN
J Parenter Enteral Nutr. 1991;15:417-420

Poindexter BB, Karn CA, Denne SC. Exogenous insulin reduces proteolysis and protein
synthesis in extremely low birth weight infants. J Pediatr. 1998;132:948-953

Putet G. Lipid metabolism of the micropremie. Clin Perinatol. 2000;27:57—69, v—vi

Andrew G, Chan G, Schiff D. Lipid metabolism in the neonate. I. The effects of Intralipid
infusion on plasma triglyceride and free fatty acid concentrations in the neonate. J Pediatr.
1976;88:273-278

Shennan AT, Bryan MH, Angel A. The effect of gestational age on intralipid tolerance in
newborn infants. J Pediatr. 1977;91:134-137

Penn D, Schmidt-Sommerfeld E, Pascu F. Decreased tissue carnitine concentrations in
newborn infants receiving total parenteral nutrition. J Pediatr. 1981;98:976-978
Schmidt-Sommerfield E, Penn D. Carnitine and total parenteral nutrition of the neonate. Bio/
Neonate. 1990;58:81-88

Larrson LE, Olegard R, Ljung BM, Niklasson A, Rubensson A, Cederblad G. Parenteral
nutrition in preterm neonates with and without carnitine supplementation. Acta
Anaesthesiol Scand. 1990;34:501-505

Brans YW. Ritter DA, Kenny JD, Andrews DS, Dutton EB, Carrillo DW. Influence of
intravenous fat emulsion on serum bilirubin in very low birthweight neonates. Arch Dis Child.
1987,62:156—160

Baekert PA, Greene HL, Fritz |, Oelberg DG, Adcock EW. Vitamin concentration in very low
birth weight infants given vitamins intravenously in a lipid emulsion: measurement of
vitamins A, D, and E and riboflavin. J Pediatr. 1988;113:1057-1065

Lucas A, Bishop NJ, King FJ, Cole TJ. Randomised trial of nutrition for preterm infants after
discharge. Arch Dis Child. 1992,67:324-327

Bishop NJ, King FJ, Lucas A. Increased bone mineral content of preterm infants fed with a
nutrient enriched formula after discharge from hospital. Arch Dis Child. 1993;68:573-578
Chan GM. Growth and bone mineral status of discharged very low birth weight infants fed
different formulas or human milk. J Pediatr. 1993;123:439-443

Hall RT, Wheeler RE, Rippetoe LE. Calcium and phosphorus supplementation after initial
hospital discharge in breast-fed infants at less than 1800 grams hirth weight. J Perinatol.
1993;13:272-278

Friel JK, Andrews WL, Matthew JD, McKim E, French S, Long DR. Improved growth of very
low birthweight infants. Nutr Res. 1993;13:611-620

Wheeler RE, Hall RT. Feeding of premature infant formula after hospital discharge of infants
weighing less than 1800 grams at birth. J Perinatol. 1996;16:111-116

Carver JD, Wu PY, Hall RT, et al. Growth of preterm infants fed nutrient-enriched or term
formula after hospital discharge. Pediatrics. 2001;107:683-9

Cooke RJ, Griffin IJ, McCormick K, Wells JC, Smith JS, Robinson SJ, Leighton M. Feeding
preterm infants after hospital discharge: effect of dietary manipulation on nutrient intake
and growth. Peds Res. 1998;43:355-360

Nutritional Needs of the Preterm Infant 111



6TH EDITION

128.

129.

130.

131.

132.

133.

134.

135.

136.

12

Cooke RJ, Embleton ND, Griffin 1, Wells JC, McCormick KP. Feeding preterm infants
after hospital discharge: growth and development at 18 months of age. Pediatr Res.
2001;49:719-722

Lapillonne A, Salle BL, Glorieux FH, Claris O. Bone mineralization and growth are enhanced
in preterm infants fed an isocaloric, nutrient enriched preterm formula through term.
Am J Clin Nutr. 2004;80:1595-1603

Koo WE, Hockman EM. Post hospital discharge feeding for preterm infants: standard versus
enriched milk formula on growth, bone mass, and body composition. Am J Clin Nutr. 2007;
in press

Henderson G, Fahey T, McGuire W. Calorie and protein-enriched formula versus standard
term formula for improving growth and development in preterm or low birth weight infants
following hospital discharge. Cochrane Database Syst Rev. 2005;(2):CD004696

Euser AM, Finken MJ, Keijzer-Veen MG, Hille ET, Wit JM, Dekker FW. Associations between
prenatal and infancy weight gain and BMI, fat mass, and fat distribution in young adulthood;
a prospective cohort study in males and females born very preterm. Dutch POPS—19
Collaborative study Group. Am J Clin Nutr. 2005;81:480-487

Singhal A, Fewtrell M, Cole TJ, Lucas A. Low nutrient intake and early growth for later
insulin resistance in adolescents born preterm. Lancet. 2003;361:1089-1097

Singhal A, Lucas A. Early origins of cardiovascular disease: is there a unifying hypothesis?
Lancet. 2004;363:1642—-1645

Lucas A, Morley R, Cole RJ, et al. Early diet in preterm babies and development status at 18
months. Lancet. 1990;335:1477-1481

Wilson DC, Cairns P, Halliday HL, Reid M, McClure G, Dodge JA. Randomized controlled trial
of an aggressive nutritional regimen in sick very low birthweight infants. Arch Dis Child.
1997;77:FA-F11

Chapter 4



Complementary Feeding

Introduction
Complementary feeding is defined as providing nutrient-containing foods
or liquids along with human milk! and includes both solid foods and infant
formula.? Some nutritionists have restricted the term “complementary” to
solid or liquid foods that do not displace (ie, reduce intake of) human milk.
However, the available evidence indicates that any energy-containing foods
will displace breastfeeding and reduce the intake of human milk to some
extent,¥¢ and all such foods are referred to herein as complementary.
Complementary foods can be introduced between 4 and 6 months of
age. However, the American Academy of Pediatrics (AAP) supports exclu-
sive breastfeeding (in which all fluid, energy, and nutrients come from hu-
man milk, with the possible exception of small amounts of medicinal/nutri-
ent supplements?) for minimum of 4 but preferably 6 months (Table 5.1).”
This chapter presents a review of the evidence bearing on complementary
feeding and the timing of its introduction in the first year of life and includes
a discussion of infant growth and development issues related to infant nutri-
tional needs and complementary feeding; a review of the scientific evidence
and conclusions on the relationships between key infant outcomes and the
duration of exclusive breastfeeding and timing of complementary foods
introduction; and a review of the energy and micronutrient requirements of
complementary foods for infants 1 year and younger, including the current
complementary food intake patterns in the United States and how well they
meet the requirements.

Infant Growth and Development Factors

A number of factors related to an infant’s growth and development underlie
complementary feeding perspectives and recommendations. This section
presents scientific evidence regarding these factors, including infant energy
requirements; nutrients (iron, zinc, vitamin D); and infant feeding readiness.

Infant Energy Requirements

Whereas adult energy requirements are based on energy and nutrients
needed to maintain the body, infants need energy for both maintenance and
growth." A 1973 report from the Food and Agriculture Organization of the
United Nations (FAO)/World Health Organization (WHO) estimated the
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Table 5.1

American Academy of Pediatrics Recommendations Relevant to the Initiation of
Complementary Foods (see text for AAP recommendations on human milk)

Nutrient/Food = Subgroups AAP Recommendations

Human milk Most infants Exclusive breastfeeding for minimum of 4 but
preferably 6 mo.
Infants with unique needs | Individual infants may require complementary
or feeding patterns foods as early as 4 mo of age or may be unable
to accept them until about 8 mo of age.’

Calcium Term infants Recommended intakes, human milk or infant

formulas:

First 6 mo: 210 mg/day

7-12 mo: 270 mg/day

No benefit from increasing calcium content of

infant formulas above these amounts.

Preterm infants Have higher calcium requirements than term

infants. Can meet requirements using human
milk plus commercial fortifiers or preterm infant
formulas enriched with calcium and vitamin D.
Optimal calcium concentrations and duration of
use unknown.?

Cholesterol Infants younger than 2 y No restriction of fat or cholesterol; rapid growth

requires high energy intake.®

Fluoride Infants 6 mo and older Supplement with 0.25 mg/day in areas with

<0.3 ppm fluoride concentration in community
drinking supplies (see Chapter 48).
Iron Breastfed infants 6-12 mo | Iron from complementary foods at 6 mo of age

(see Chapters 2 and 18).

Nonbreastfed infants Ingest iron-fortified formula (10-12 mg/L) until

younger than 12 mo weaning at 12 mo of age.

Breastfed preterm or low | Oral iron supplement drops at 2 mg/kg per day,

birth weight infant 1-12 mo of age (see Chapter 4).

Formula-fed preterm May benefit from an additional iron supplement

infants (drops) of 1 mg/kg per day.

Lactose Children from populations | Unwise to discourage use of milk unless children
with high rates of lactose | have severe diarrhea or clear intolerance; clinical
malabsorption problems usually manifest at 5—7 y of age.™

Vitamin D All breastfed infants and | Should have a supplement of 400 |U/day of
nonbreastfed infants vitamin D beginning during first 2 mo of life

through childhood and adolescence unless
ingesting at least 500 mL/day of vitamin
D-fortified formula or milk.™
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Table 5.1 (continued)
American Academy of Pediatrics Recommendations Relevant to the Initiation of
Complementary Foods (see text for AAP recommendations on human milk)

Nutrient/Food = Subgroups AAP Recommendations

PEDIATRIC NUTRITION HANDBOOK

Fruit juice Infants up to 1y of age Should not be introduced before 6 mo of age.
Should not be given juice in containers that
allow them to consume juice easily throughout
the day.

Should not be given at bedtime.
Should not consume unpasteurized juices."

Soy protein- Term infants whose Isolated soy protein-based formula is a safe,

based nutritional needs are not effective alternative.

formulas met by human or cow milk

Infants with documented | Use is appropriate.

lactose intolerance

Most infants with Use may be appropriate.
documented

immunoglobulin

E-mediated allergy to

cow milk

Preterm infants who weigh | Use is not recommended.”
<1800 g

Water* Allinfants up to 1y of age | No data basis for minimum or maximum usual
water intake recommendations; water intoxication
not a discernable public health problem.

Formula-fed infants During hot weather: No recommendations.
Infants up to 1y of age, Monitor for dark or decreased urine output.
exclusively breastfed or When present, offer solute-free water up to
partial breastfeeding eating | maximum of 225 mL/kg per day.
complementary foods

* AAP Committee on Nutrition advice, based on literature search pertaining to water intoxication, current
recommendations from AAP materials, and opinions of pediatric nutrition experts.

energy requirements of infants by observing intakes of breastfed infants
growing typically. Although energy intake varies among infants and for

the same infant over the course of a day, the report found that, from 0 to 3
months of age, 850 mL per day of human milk provides an average of 120
keal/kg. That figure decreases slightly from 3 to 5 months of age, and by 6
months, infants were deemed unable to meet complete energy requirements
on human milk alone, with more active children needing more complemen-

tary food.?
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Additional studies by Fomon and Nelson'* and Butte et al'é determined
the body composition of reference infants to estimate the gain in energy and
specific nutrients during defined age periods and provide a target value for
studies of infant energy and nutrient requirements. Although specifics differ,
the reference infants in both studies demonstrated that the gain in body fat
is significant during the first 4 or 6 months of life, suggesting that energy re-
quirements for growth during this period make up a substantial proportion
of the total energy requirement. In fact, the percentage of first-year energy
intake devoted to growth is highest (27%) from birth to 4 months of age
and decreases to 5% from 6 to 12 months of age.”” Physical and metabolic
activity also require a percentage of energy intake (Fig 5.1).

In 2005, data were available that allowed Butte to estimate the energy
requirements of infants by measuring total energy expenditure (TEE) and
energy deposition during growth, which had not been not possible in previ-
ous studies. Butte used the “doubly labeled water” method to measure TEE,
which encompasses basal metabolism, thermoregulation, physical activity,
and the synthetic cost of growth. The earlier work on body composition
provided the measurements to estimate energy deposition. Results showed
that 1985 FAO/WHO estimates of infant energy requirements,' which were
based on observed energy intakes of infants from about 1940 to 1980 and
included a 5% increment for an assumed underestimation, were 10% to
32% higher than estimates made using TEE and energy deposition based on
stable isotope measurements (Table 5.2).

The WHO also provided estimates of the energy required from comple-
mentary foods at various ages and with various intakes by subtracting the
amounts of energy provided by human milk from estimates of children’s
average energy requirements.! The report cautions, however, that the
estimates may be inflated, because, as noted above, complementary foods
displace human milk intake to some extent. Table 5.3 provides the estimates
for infants and children 0 to 24 months of age living in industrialized and
developing countries (Table 5.3).

Infant Nutrient Needs

Nutrient intake is a key determinant of child survival, growth, and develop-
ment. Human milk is an ideal food for young infants because of its unique
nutrient profile. However, feeding human milk alone may lead to insuf-
ficiencies of some nutrients, such as iron, zinc, vitamin K, and vitamin D,
after a certain age.!
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Fig 5.1
Allocation of energy expenditure during the first year of life.
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Figure drawn from data presented in Wells JC, Davies PS. Estimation of the energy cost of physical activity in
infancy. Arch Dis Child. 1998;78:131-136 and Butte NF, Wong WW, Hopkinson JM, Heinz CJ, Mehta NR, Smith
EQ. Energy requirements derived from total energy expenditure and energy deposition during the first 2 y of life.
Am J Clin Nutr. 2000;72:1558-1569.

Table 5.2
Compa5ring Recommended Energy Intakes in the First 2 Years of Life in Breastfed Infants*
FAO/WHO/UNU Total Energy Expenditure Plus the
Age Group 1985 Energy Cost of Growth™
(mo) kcal/kg per day kcal/day kcal/kg per day kcal/day
0-2 116 520 88 404
3-5 99 662 82 550
6-8 95 784 83 682
-1 101 949 89 830
12-23 106 1170 86 1092

FAO indicates Food and Agricultural Organization of the United Nations; WHO, World Health Organization;
UNU, United Nations University.

* Table adapted from WHQ."»*
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Table 5.3
Energy Consumed Over a Range of Human Milk Intakes and Corresponding Amount of
Energy Needed From Complementary Foods in Industrialized Countries by Age*

Energy Consumed From Energy Needed From
Human Milk Complementary Foods
Human Milk Intake (kcal/day) (kcal/day)
Age Group (mo) Low Average High Low Average High
0-2 294 490 686 110 0 0
3-5 362 548 734 188 2 0
6-8 274 486 698 408 196 0
9-1 4 375 709 789 455 121
12-23 0 313 669 1092 779 423

*Table adapted from WHO. !

Iron Needs (also see Chapter 18: Iron)
The Dietary Reference Intakes for iron in the first year are as follows?:

e For infants 0 to 6 months of age, the Adequate Intake is 0.27 mg/day.

e For infants 7 to 12 months of age, the Recommended Dietary Allow-

ance is 11 mg/day.

Human milk is relatively low in iron regardless of maternal intake, con-
taining only approximately 0.5 mg/L during the early weeks of lactation and
approximately 0.35 mg/L thereafter,?! although its bioavailability is reported
to be high.? Many infant foods have significant inhibitors of iron absorption,
but human milk has few, and more than 50% of iron from human milk is ab-
sorbed, compared with approximately 12% from cow milk-derived formu-
la.® Nonetheless, a number of studies have found that exclusively breastfed
infants are at risk of iron deficiency in the latter half of the first year.**

The prevalence of iron deficiency among infants and children has de-
creased in the United States, and iron-deficiency anemia is uncommon, but
national data still indicate a rate of 9% to 11% among 18-month-olds.”
Therefore, iron deficiency is a public health concern, particularly because iron
is a critical nutrient for neurodevelopment. Thus, preventing iron insufficien-
cy remains an important goal. Table 5.1 outlines AAP recommendations to
prevent and treat iron deficiency for both breastfed and formula-fed infants.
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Zinc Needs (also see Chapter 19: Trace Elements)
The Dietary Reference Intakes for zinc in the first years are as follows?:

e For infants 0 to 6 months of age, the Adequate Intake is 2 mg/day.

e For children 7 months to 3 years of age, the Recommended Dietary
Allowance is 3 mg/day.

As with iron, the zinc content of human milk is relatively low, report-
edly ranging from approximately 8 to 12 mg/L in the first month after birth
and decreasing to approximately 1 to 3 mg/L or less at 4 to 6 months after
birth.?! Like iron, zinc bioavailability is reported to be higher from human
milk than from infant formulas.?

In affluent populations, exclusively breastfed infants up to 6 months of
age do not appear to be at higher risk of zinc deficiency than formula-fed
infants””; however, zinc intake may be insufficient in some populations from
6 to 12 months of age. Infant risk factors for zinc deficiency include chronic
diarrhea and diets low in zinc content or containing inhibitors of zinc ab-
sorption, such as dietary phytate (found in foods such as unleavened whole
wheat, legumes, and corn). Zinc deficiency appears more prevalent among
infants in developing countries than among those in industrialized nations.!

Zinc is an important nutrient for maintaining immune function, and it
contributes to cell growth and repair. Zinc deficiency has been associated
with impaired growth, increased susceptibility to infections, and increased
risk of childhood diarrhea, the frequency of which increased in a Peruvian
study by 15% per standard deviation decrease in height-to-age z score.?®
Zinc supplementation has been associated in meta-analyses with a highly
significant increase in linear growth and weight gain of prepubertal children,
especially among children with low initial weight or height. However, it
showed no effect on the weight-for-heightindex. Zinc supplementation also
produces a large, highly significant increase in children’s serum zinc
concentrations??® and is associated with significantly decreased rates of
diarrhea and pneumonia in developing countries.®! Table 5.4 summarizes
reported beneficial effects from zinc supplementation on mental and motor
development.

Zinc supplementation has also been shown to enhance immune function
in children. For example, a study of preschool children found a decrease of
45% in the incidence of acute lower respiratory infections in zinc-supple-
mented infants and preschool children.*
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Table 5.4
Reported Effects of Zinc Supplementation on Mental Development and Motor Activity
Patterns

Benefits of Supplementation:

Country/Study Population Increases in

Brazil®? Low birth weight infants Overall responsiveness scores
China® 6-9y of age Neuropsychological scores
Guatemala® Term infants 6-9 mo of age Time sitting up, time playing

India®® 12-23 mo of age Time in fast motor activities, overall

activity rating, rates of energy
expenditure

Canada®® Very low birth weight infants 6, 9, Motor development scores
and 12 mo of age

Vitamin D Needs

Therecommended daily intake of vitamin D for infants and childrenis

400 IU of vitamin D per day.®® The vitamin D contentof human milk is low
(12-60 IU/L), even with adequate maternal vitamin D intake. Observational
and case studies suggest that exclusively breastfed infants in temperate cli-
mates with limited sun exposure and/or born to vitamin D-deficient mothers
are at increased risk of rickets caused by vitamin D deficiency. Dark-skinned
exclusively breastfed infants are at particular risk.***° In addition, low mater-
nal vitamin D intake has resulted in infants born with low total body bone
mineral content and high bone resorption.*! Currently, there is no national
surveillance of nutritional rickets in the United States, but estimates based
on data from the National Hospital Discharge Survey (1990-1998) suggest
that 9 out of 1 million children were hospitalized with rickets.*? Because
human milk does not provide sufficient vitamin D to prevent rickets in at-
risk infants, supplemental sources of vitamin D are needed. Given current
concerns about risk of sunlight exposure, even for young infants, the AAP
recommends that all breastfed infants receive 400 IU of vitamin D per day
beginning within the first 2 months of life (Table 5.1).

Vitamin K Needs

Infant Feeding Readiness

Successful introduction of complementary foods presupposes the ability of
developing infants to be nourished by, to safely ingest, and to accept such
foods. Issues of digestion and absorption, neuromuscular development, and
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taste and texture acceptance are central. Although developmental milestones
are achieved by individual infants at a range of ages, some average trends
have been identified.

Full-term infants are capable of digesting complex diets of carbohydrates,
starches, fats, and proteins at birth. Fat digestion is sufficient at birth to al-
low absorption of more than 90% of ingested fat.?%

A number of feeding reflexes related to the maturation of the neuromus-
cular system also affect an infant’s ability to handle various types of foods.
For example, an infant’s rooting and sucking mechanisms, usually devel-
oped at birth, facilitate breastfeeding. However, the early gag reflex may
hinder ingestion of solid foods until its locus moves from the mid portion to
the posterior of the tongue (usually between 3 and 7 months of age).

Truncal (vertical) stability and oral motor skills are also critical determi-
nants of developmental readiness for complementary foods. By 4 months of
age, most infants have the truncal stability to sit with support and indicate
an appetite or desire for food (by opening the mouth or leaning in) or satiety
(by closing the mouth or turning away), and parents can interpret their
behavior correctly.?* In addition, by 4 months of age, infants have exhibited
the ability to give evidence of taste preferences and accept new tastes; rejec-
tion of new foods does not appear to occur in most infants until later in the
first year.™

AAP N
Recommendations from the American Academy of Pediatrics
Prevention of early vitamin K deficiency bleeding (VKDB) of the newborn, with
onset at birth to 2 weeks of age (formerly known as classic hemorrhagic disease
of the newborn), by oral or parenteral administration of vitamin K is accepted
practice. In contrast, late VKDB, with onset from 2 to 12 weeks of age, is most
effectively prevented by parenteral administration of vitamin K. Earlier concern
regarding a possible causal association between parenteral vitamin K and child-
hood cancer has not been substantiated.

Pediatrics. 2003;112:191-192
N J
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Timing of Complementary Foods Introduction: Review of the
Evidence on Related Health Outcomes
Recent epidemiologic evidence has shown that breastfeeding protects
against gastrointestinal and, to a lesser extent, respiratory infection and that
the protective effect is enhanced with greater duration and exclusivity of
breastfeeding.*~ Prolonged and exclusive breastfeeding (at least for the
first few months of life) has been associated with reduced risks of sudden
infant death syndrome,* atopic disease,*=! and chronic conditions such as
obesity,*>% type 1 diabetes mellitus,*> Crohn disease,* and lymphoma®*
as well as acceleration of neurocognitive development®-%? (see Chapter 2). It
is also clear that breastfeeding protects against morbidity and mortality from
infectious diseases in developing and industrialized countries, even into the
second year of life %36

Although the benetits of breastfeeding are clear, data regarding how long
exclusive breastfeeding should continue and when to introduce complemen-
tary foods are not definitive. For example, a WHO consultation on the op-
timal duration of exclusive breastfeeding supported exclusive breastfeeding
for 6 months, because no adverse effects had been found on a population
level and some benefits were conferred. However, the panel pointed out
that the data (from 2 small controlled trials and 17 observational studies of
varying quality) were insufficient to exclude some potential risks of 6-month
exclusive breastfeeding. They concluded that individualized risk-benefit
decisions were appropriate.®

Information from a recent systematic review for the WHO® will be
described here in some detail, because it provides the most comprehensive
review of the evidence that bears on the timing of the introduction of com-
plementary foods. Yet, the authors’ evaluation of the methodologic quality
of included studies pointed to substantial problems. For example, the review
included both controlled clinical trials and observational studies, published in
any language, that compared health outcomes of full-term infants and their
mothers who had exclusively breastfed for >6 months of age with those who
had exclusively breastfed for at least 3 months and continued mixed breast-
feeding until at least 6 months. Only studies with an internal comparison
group were included in the review; those based on an external comparison
group or reference were excluded. A total of 36 citations (articles or abstracts)
were identified that met the selection criteria for the review, for a total of 20
separate studies, 9 of which were conducted in developing countries and 11
of which were conducted in industrialized countries. However, only 16 stud-
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ies met selection criteria and only 2 of these were controlled trials (which did
not receive high quality ratings for methodology). The other 14 were obser-
vational studies deemed of variable quality.

Another issue that has received attention in proposed timing for introduc-
tion of complementary foods has been the so-called “weanlings” dilemma,
described in the 1970s and 1980s for infants in developing countries.®®% The
dilemma centered on the risk of infection with the introduction of contami-
nated complementary foods versus the risk of suboptimal growth with con-
tinued exclusive breastfeeding. Growth faltering is commonly observed in
developing countries after about 8 months of age,’*"? and early calculations
made by the FAO and WHO suggested that human milk alone would be
inadequate to meet the energy requirements beyond 3 or 4 months of life.®
However, more recent studies have shown that the earlier FAO/WHO en-
ergy recommendations substantially overestimate true energy requirements
in infancy,” and exclusive breastfeeding can meet most infants’ energy
requirements for 6 months. Additionally, the weanlings dilemma does not
apply in most industrialized countries, because uncontaminated, nutritional-
ly adequate complementary foods are readily available, and growth faltering
is relatively uncommon.

Maternal Outcomes

Two Honduran studies,*”® which included both term infants and infants
with low birth weight, found that only 6-month exclusive breastfeeding of
term infants (in contrast to 6-month exclusive breastfeeding of infants with
low birth weight) resulted in greater maternal weight loss than did intro-
duction of complementary foods at 3 to 6 months of age (-0.7+1.5 kg vs
—0.1£1.5 kg). Women in the exclusive breastfeeding group who had infants
with low birth weight were more likely to postpone return to menses until 6
months after birth.

Maternal risk of breast cancer decreases with the duration of breastfeed-
ing and with each birth. The relative risk of breast cancer decreases by 4.3%
(95% confidence interval [CI], 2.9-5.8; P <.0001) for every 12 months of
breastfeeding in addition to a decrease of 7.0% (95% CI, 5.0-9.0; P <.0001)
for each birth. The decrease in the relative risk of breast cancer associated
with breastfeeding does not differ significantly among women in indus-
trialized and developing countries and does not vary significantly by age,
menopausal status, ethnic origin, the number of births a woman has had, or
age when a woman'’s first child was born.”*
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Infant Outcomes

Weight, Length, and Head Circumference Effects

One of the potential risks posited for prolonged and exclusive breastfeeding
in industrialized countries has been data that show a deceleration in weight
and length gain for exclusively breastfed infants relative to the international
WHO/Centers for Disease Control and Prevention (CDC) growth refer-
ence from approximately 3 to 12 months of age, with partial catch-up in the
second year.”>® On the other hand, the first study in humans based on a
randomized experiment suggests that prolonged and exclusive breastfeeding
may accelerate weight and length gain in the first few months of life, with
no observable deficit by 1 year of age. The authors concluded that the find-
ings of earlier observational analyses (including their own previous obser-
vational study) may reflect either unmeasured confounding differences or a
true biologic effect of formula feeding.®!

In addition, the WHO/CDC growth reference was based on the Fels Lon-
gitudinal Study, which was conducted several decades ago on infants who
were primarily formula fed, which could have led to the introduction of
solid foods sooner than necessary.®2 The WHO, therefore, embarked on an
ambitious international study to establish new growth standards for breast-
fed infants.® It will be important to assess the influence that these standards
will have on clinical pediatric care once they are adopted widely, because
they lower the reference standards for acceptable weight (ie, 5% percentile).

In a Cochrane review (2002, updated in 2006),% a pooled sample of
breastfed infants from 6 industrialized countries,”s a pooled analysis from 5
countries (2 industrialized, 3 developing [but in which study women were
all literate and of middle- to high-socioeconomic status]),®* and a large co-
hort study nested within a randomized trial in Belarus® reported on weight
gain between 3 and 8 months of age. One of the WHO studies® and the
Belarus study® controlled for size or growth in the first 3 to 4 months and
other potential confounders using multilevel (mixed) regression analyses.
The primary outcome of the Belarus study, based on a randomized, con-
trolled design that provided mothers with exposure to the Baby Friendly
initiatives as the intervention, was duration of exclusive breastfeeding. In
addition, secondary observational outcomes were determined by comparing
infants who had exclusively breastfed for 6 months with those who had ex-
clusively breastfed for 3 months or more and those with mixed breastfeed-
ing until at least 6 months of age. The intervention group had a rate of 8%
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exclusive breastfeeding, compared with 0.6% in the control group. A high
proportion (60%) of the control group was breastteeding at 6 months.

Except for the Belarus study, no significant differences were noted in
weight gain from 3 to 8 months of age, which averaged 400 to 500 g per
month in both the exclusively breastfeeding and mixed breastfeeding
groups. In the Belarus study, however, weight gains were much higher:
641 versus 612 g per month in the mixed breastfeeding versus exclusively
breastfeeding groups.®® Given the large weight gains in both groups in the
Belarus study, the higher weight gain in the mixed breastfeeding group is
not necessarily beneficial. Parallel findings were observed for length gain
from 3 to 8 months of age, again with the Belarus study showing slightly
but significantly more rapid length gains in the mixed breastfeeding group
but with no significant differences observed in the 3 other studies. No
significant differences were observed in head circumference in the Belarus
study at 6 or 9 months of age, although the exclusively breastfeeding
group had a significantly larger average head circumference at 12 months
of age. Thus, infants exclusively breastfed for 6 months appear to grow
adequately. In only the Belarus study, infants fed complementary foods
before 6 months of age gained more weight and length than their exclu-
sively breastfed counterparts.®

The Honduran studies discussed previously*”® also found equivalent
growth and weight gain for 6-month exclusive breastfeeding and introduc-
tion of complementary foods at 4 months among infants with low birth
weight; however, dropouts from the study had lower weights than did
ongoing participants. A more recent study from India showed that stunted
growth was least common among children receiving complementary foods
at 3 months of age, whereas nearly two thirds of infants who exclusively
breastfed until 6 months of age were stunted.®

Given current concerns about childhood obesity, it is also important to
understand whether exclusive breastfeeding or the timing of introduction
of complementary foods contribute to later adiposity. One recent US study
collected information about early feeding habits from mothers of 313 chil-
dren at 3 years of age and measured body composition of the children at 5
years of age. Results showed that neither breastfeeding for a longer duration
nor introduction of complementary foods at 4 months of age is associated
with childhood obesity at 5 years of age.?
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Iron and Zinc Status

Few studies met the inclusion criteria for the systematic review regarding the
effect of exclusive breastfeeding versus mixed breastfeeding on micronutrient
status during infancy. A small Italian study® of hematologic outcomes in-
cluded in the review reported that, at 12 months of age, infants in the exclu-
sive breastfeeding group had a significantly higher hemoglobin concentration
(117 vs 109 g/L), a nonsignificant reduction in anemia (hemoglobin concen-
tration <110 g/L), a nonsignificantly higher ferritin concentration, and a non-
significant reduction in the risk of a low ferritin concentration (<10 pg/L). In
the Honduras trial,®’ the risk of iron deficiency at 6 months of age was low in
the exclusive breastfeeding group when birth weight was >3000 g; however,
the exclusive breastfeeding group exhibited a significantly lower hemoglobin
concentration (104 g/L) than the group receiving iron-fortified complemen-
tary foods (109 g/L). Iron-fortified complementary feedings introduced before
6 months of age were not sufficient to prevent anemia among all the study
infants. In a subsequent study of infants with low birth weight (1500-2500
g) in Honduras,* iron status at 6 months of age was higherin the group
receiving iron-fortified complementary foods (113 g/L) than in the exclusive
breastfeeding group (107 g/L). However, by 2 months of age, approximately
half of the infants studied (75 of 157) had a hemoglobin concentration <100
g/L and were given iron supplements. Among infants receiving iron supple-
ments, the exclusive breastfeeding group maintained a higher hemoglobin
concentration (113 g/L) than the group receiving iron-fortified complemen-
tary foods (105 g/L). From these observations, Dewey et al*® recommended
that term infants with low birth weight be exclusively breastfed for 6 months
with iron supplementation. It is evident that the duration for which the iron
endowment at birth is adequate varies, and modifiers include birth weight,
maternal iron status, and postnatal rate of growth.” Some infants will benefit
from additional iron at 4 to 6 months of age. Whether the preferred source of
iron should be complementary foods or medicinal preparations remains to
be investigated under the characteristic environmental circumstances of the
community where the infants reside.

Zinc status was reported for infants in one of the Honduran trials; no
significant effect of complementary feeding was observed on the proportion
of infants with a low zinc concentration (<70 pg/L) at 6 months of age.*

As noted earlier, zinc supplementation has been found beneficial for some
infants, and complementary foods (primarily meat) are required beginning
between 4 and 6 months of age to prevent zinc deficiency and its conse-
quences, including slowing of growth.”?
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Infection Risks

The Belarus study® found a significantly decreased risk in the exclusive
breastfeeding group of 1 or more episodes of gastrointestinal infection in the
first 12 months of life (adjusted risk ratio [RR] = 0.61 [95% CI, 0.41-0.93))
but not in hospitalization for gastrointestinal infection (RR = 0.79 [95%

CI, 0.42-1.49]). Only 9% in the intervention group and 13% in the control
group had more than 1 episode of diarrhea (95% CI, 0.41-0.91), both very
low compared with original estimates that approximately 60% would have
more than 1 episode. All other studies in the Cochrane review found no
significant decrease in diarrhea risk with 6 months of exclusive breastfeed-
ing,% and the Honduran study of infants with low birth weight found an
increased prevalence of diarrhea in the group with 6 months of exclusive
breastfeeding compared with the group with mixed breastfeeding (comple-
mentary feeding introduced from 4-6 months of age).*

Pooled results from the Belarus study,” an Australian study,® and a study
from Arizona®® showed no significant decrease in risk of upper respiratory
tract infection, lower respiratory tract infection, hospitalization for respira-
tory infection, or otitis media with exclusive breastfeeding for 6 months.

Allergy Risks

In the Cochrane review, both the Belarus study® and a cohort study from
Finland®* recorded on atopic eczema at 1 year of age. The 2 studies showed
statistical heterogeneity, with the Finnish study reporting a significantly
reduced risk at 1 year of age (RR = 0.40 [95% CI, 0.21-0.78]) but no de-
crease in risk at 5 years of age. The larger Belarus study found a much lower
absolute risk of atopic eczema than the Finnish study in both feeding groups
and no decrease in risk with exclusive breastfeeding. Although the Finnish
study also reported a decreased risk of food allergy by history at 1 year of
age in the exclusive breastfeeding group, double food challenges showed
no significant decrease in risk,’* and no decrease in risk was seen at 5 years
of age.”® Neither the Australian®! nor Belarus® studies found a significant
decrease in recurrent (2 or more) episodes of wheezing in the exclusively
breastfed group. In the Finnish study, the decrease in risk of any atopy at 5
years of age in the exclusive breastfeeding group was nonsignificant. Both
the Finnish® and Australian® studies reported no decrease in risk of asthma
at 5 to 6 years of age from exclusive breastfeeding. The Australian study
found no decrease in risk of a positive skin-prick test result at 6 years of age
in the exclusive breastfeeding group.
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A group of experts conducting a systematic review of observational and
interventional studies regarding dietary prevention of allergic diseases in
infants and small children concluded that, for children at high risk of allergic
diseases, breastfeeding combined with avoiding solid food and cow milk for
at least the first 4 to 6 months of life was an effective preventive regimen.*
However, prolonged exclusive breastfeeding for 29 months was reported to
be associated with development of atopic dermatitis and symptoms of food
hypersensitivity at 5 years of age and with symptoms of food hypersensitiv-
ity at 11 years of age in children with a family history of allergy.”

Developmental Effects

No studies from industrialized countries have compared neurocognitive de-
velopment or behavior in exclusive breastfeeding versus mixed breastfeed-
ing groups. However, Jain et al®® conducted a critical review of 40 publica-
tions relating to breastfeeding and intellect. They found that 68% of the
publications concluded that breastfeeding promotes intelligence but that the
evidence from the higher-quality studies was less persuasive.

The 2 controlled clinical trials from Honduras reported that infants in the
exclusive breastfeeding group crawled significantly sooner (an average of 0.8
months [0.3 to 1.3 months]) than those in the mixed breastfeeding group.”
No difference was seen, however, in the mean age at which infants first sat
from a lying position, and the 2 trials differed with respect to walking by 12
months of age, with a significantly lower proportion of exclusively breastfed
infants not walking by 12 months of age in the first trial (RR = 0.66 [95%
CI, 0.45-0.98]) but a nonsignificantly higher proportion not doing so in the
second trial (RR =1.12 [0.90-1.38)). Given the inconsistency in these results
and the potential for biased maternal reporting attributable to nonblinding,
no definitive conclusions can be drawn on this factor.

Conclusions: Lack of Evidence to Support or Refute Changing
Current Recommendations

Study results to date suggest that there is no significant harm associated
with introduction of complementary foods at 4 months of age and no signif-
icant benefit from exclusive breastfeeding for 6 months in terms of growth,
development, iron/zinc nutriture (limited data), allergy, or infections. Like-
wise, very few studies demonstrate significant benefits of delaying comple-
mentary foods until 6 months in the industrialized world, but there is little
theoretical or empirical evidence that healthy breastfed infants require
complementary foods before 4 months of age. In fact, a systematic review
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by Lanigan et al”” concerning the age of introduction of complementary
foods to healthy, full-term infants found “a lack of clear evidence to either
support or refute a change from current recommendations” for exclusive
breastfeeding for 6 months for industrialized or developing nations. They
did conclude, however, that the evidence suggests that subgroups, such as
infants who consume low amounts of human milk and those with low birth
weight, may need an earlier initiation of complementary foods.

In addition, these and other investigators who conducted reviews of
multiple studies emphasized that additional randomized clinical trials and
well-designed observational studies on relevant factors are needed. For
example, the WHO report on complementary feeding in developing nations
pointed to a particular need for controlled intervention trials in different set-
tings assessing the effects of the timing and schedules of different comple-
mentary foods at different ages on factors such as total energy and energy
consumed from human milk and complementary foods, total micronutrient
intake and status, and growth/development and morbidity.! The Cochrane
review recommended large randomized trials in industrialized and develop-
ing regions to rule out small adverse effects on growth and to confirm the
reported health benefits of exclusive breastfeeding for 6 months.”

Complementary Foods: Desirable Nutritional Profile and Adequacy of Current Eating
Patterns

Ideally, complementary foods will combine with human milk to provide
the full range of nutrients needed for infant growth, development, and good
health. The WHO has estimated the energy requirements from complemen-
tary foods (Table 5.3).

The WHO has also developed estimates of the amount of micronutrients
needed from complimentary foods on the basis of data on the composi-
tion of human milk from women in industrialized countries and the desired
nutrient density of complementary foods.!

Current Practices: Foods Eaten and Energy/Nutrient Adequacy

Current complementary feeding practices largely meet infants’ energy and
nutrient needs as discussed previously. However, some improvements in
food choices would provide the foundation for sustained healthier eating
habits later in life.

Currently Consumed Complementary Foods
In 2002, the Feeding Infants and Toddlers Study (FITS)!% collected data on
the food consumption patterns of 3022 US infants and toddlers by conduct-
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ing telephone interviews during which parents provided 24-hour dietary
recalls. The FITS data show that virtually all infants 12 months and younger
consumed some form of milk—human or formula—each day; more infants
consumed formula than human milk from 4 to 11 months of age. At 9 to

11 months of age, as many as 20.3% consumed cow milk (5.3% of these
consumed reduced fat or nonfat) and 1.7% consumed soy milk.

The most commonly eaten solid foods were cereals (Table 5.5). Fewer
than 15% of infants younger than 7 months consumed meats and other
high-protein foods, but by 7 to 8 months of age, 54.9% did, increasing to
79.2% for 9- to 11-month-olds.

Table 5.5
Percentages of US Infants Consuming Cereals at Least Once a Day
Age Group % Consuming Infant Cereals % Consuming Noninfant Cereals
4-6 mo 64.8 0.6
7-8 mo 81.2 18.3
9-11 mo 63.8 443

Data from Fox MK, Devaney B, Jankowski L. Feeding infants and toddlers study: what foods are infants and
toddlers eating? J Am Diet Assoc. 2004;104(Suppl 1):S22-S30

In addition, the FITS found that infant eating patterns, in some ways, mir-
ror those of older children and adults. For example, from 61.1% to 27.4% of
infants 4 to 11 months of age consumed no vegetables each day, and French
fries were one of the 3 most common vegetables consumed by infants 9
to 11 months of age. Approximately 24.5% of 7- to 11-month-olds ate no
fruit; apples and bananas were the most commonly consumed fruits. Almost
half (46%) of 7- to 8-month-olds consumed some type of dessert, sweet, or
sweetened beverage daily, and the percentage increased as age increased.

Nutrient Adequacy

The FITS data show that the mean usual intake of infants 11 months and
younger equals or exceeds Adequate Intake levels for all nutrients. Evi-
dence did show that some infants 7 to 11 months of age had dietary intakes
judged to be inadequate for iron (7.5% estimated prevalence) and/or zinc
(4.2% estimated prevalence).!

Dietary Supplements
The FITS also found that, despite the overall nutrient adequacy of current
eating patterns, some infants received dietary supplements—8% of those
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4 to 5 months of age and 19% of those 6 to 11 months of age, with preva-
lence continuing to increase with age. Most received only a multivitamin
and/or mineral supplement. The investigators saw no significant difference
between supplement users and nonusers in mean daily intakes of nutrients
or nutrient density from foods alone and few differences in consumption,
although more supplement nonusers had a lower-than-estimated average re-
quirement level of vitamin E than did supplement users. However, the FITS
did find some evidence of excessive intakes of vitamin A, zinc, and folic acid
in both supplement user and nonuser toddlers, and approximately 60% of
older infants in both groups had excessive zinc intake.!® These nutrients are
also widely used as food fortificants.

Practical Recommendations for Initiating Complementary Foods
The following guiding principles are provided for introducing complemen-
tary foods, in part on the basis of current US practices identified in the FITS:

1. Introduce one “single-ingredient” new food at a time, and do not in-
troduce other new foods for 3 to 5 days to observe for possible allergic
reactions. In practice, iron-fortified infant rice cereal appears to be one
of the solid foods least likely to cause an allergic reaction. The foods
most commonly causing infant allergies are cow milk, hen eggs, soy,
peanuts, tree nuts (and seeds), wheat, fish, and shellfish, although there
is no good evidence that delaying their introduction affects the overall
incidence of atopic disease in infants and children.!® Multigrain cereals
or mixed dishes, such as macaroni and cheese, are not recommended as
first foods because of the difficulty in identifying the food responsible
for an adverse reaction, should one occur.

2. Choose first foods that provide key nutrients and help meet energy
needs. Although no comprehensive research has been conducted on
which specific complementary foods to provide or in which order, the
AAP recommends iron-fortified infant cereals and pureed meats as good
first foods, because they contain ample protein, iron, and zinc. The FITS
finding that iron and zinc are the nutrients most likely to be deficient
in the diets of infants and toddlers in the United States emphasizes this
priority. A randomized, controlled study comparing the effects of intro-
ducing meat or iron-fortified cereal as the first complementary food for
exclusively breastfed infants found that meat-fed infants had substan-
tdally higher zinc intake than did cereal-fed infants. In addition, meat-fed
infants had a higher rate of growth in head circumference and a possible
trend toward other developmental advantages. The study also found
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that the infants accepted the meat similarly to other new complemen-
tary foods.”

3. Introduce a variety of foods by the end of the first year. Although
many factors affect food choices and habits, a foundation for healthy
eating patterns may be established in childhood.’™ Although more
guidance is needed on the timing of transitions and which foods to
emphasize, feeding behaviors that minimize variety and diversity limit
important sources of nutrients in the diets of young children and could
compromise nutritional status. The FITS findings of low toddler con-
sumption of fruits and vegetables, little variety in foods eaten, and high
consumption of sweets, French fries, and carbonated beverages suggests
the need to increase early attention to pattern of eating to maintain and
promote health.’® Introducing a wide variety of developmentally appro-
priate, nutrient-rich foods takes advantage of the opportunity to instill
positive initial habits. Once an infant has accepted meat and cereal,
strained or pureed fruits and vegetables can be added to the comple-
mentary diet. When offering a new food, parents need to provide
approximately 8 to 15 exposures to enhance food acceptance.!%

4. Withhold cow milk (and other “milks” not specifically formulated
for infants) during the first year of life. Cow milk does not have the
optimal concentration of a variety of nutrients to support the rapidly
growing infant.!” Given the FITS finding that approximately 20% of
infants had received cow milk daily before 1 year of age, the 1-year mes-
sage may need reinforcement. In addition, when cow milk is introduced
at 1 year of age, only whole cow milk, not reduced-fat alternatives,
should be offered; data from the FITS show that approximately one
quarter of the cow milk served to infants and toddlers was reduced fat.!%

5. Ensure adequate calcium intake when transitioning to complemen-
tary foods. Providing cow milk at the appropriate age helps boost cal-
cium intake. However, milk consumption and calcium intake have been
falling in the United States in recent years. The FITS found that by 24
months of age, some infants drank little or no milk in a day. Although
mean intakes of calcium among toddlers exceeded adequate intake
levels, low milk consumption may set a pattern for inadequate calcium
intake in later years. For toddlers with lactose intolerance and others
who do not consume cow milk products, careful planning is needed to
ensure adequate calcium intake, especially because calcium-rich non-
dairy foods are not typically part of US toddlers’ diets. Although the
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AAP recommends soy “milks” as appropriate for some groups (see Table
5.1), natural soy beverages contain only small amounts of calcium.
Calcium-fortified products are available, but calcium bioavailability dif-
fers among products. For example, although tricalcium phosphate-forti-
fied soy milk was shown to have lower calcium bioavailability than cow
milk in men,'® calcium carbonate-fortified soy milk showed equivalent
calcium absorption to cow milk for premenopausal women in another
study.!”” Goat milk is not a recommended alternative to cow milk.?””

6. Do not introduce fruit juices during the first 6 months of life. There-
after, offer only 100% juices, limited to 4 to 6 oz daily for children 1 to
6 years of age (see Table 1). Data from the FITS and other research show
that 21% of infants 4 to 6 months of age were already consuming fruit
juice and that some children consume more than 6 oz per day, so these
messages may need emphasis. In addition, types of fruit juices provided
should be varied to maximize nutrition. For example, the highly popular
apple juice is low in folate compared with orange juice.!'

AAP N

Recommendations from the American Academy of Pediatrics

The American Academy of Pediatrics recommends an upper limit of 4 to 6 oz of
juice for children 1 to 6 years of age and 8 to 12 oz for children 7 to 18 years of
age. Children should be encouraged to consume whole fruits to meet recom-
mended levels of fruit intake. Pediatricians should routinely discuss the use of
100% fruit juice and fruit drinks and should educate parents about the differ-
ences between the two.

Pediatrics. 2001;107:1210-1213 (reaffirmed October 2006) )

1. Ensure safe ingestion and adequate nutrition when choosing and
preparing homemade foods.

* Mash or puree solid foods for infants 12 months and younger so
foods can be swallowed without risk of aspiration.

e Avoid hot dogs, nuts, grapes, raisins, raw carrots, popcorn, and
rounded candies in children younger than 4 years.

e Avoid adding salt or sugar to complementary foods. Amounts of con-
stituent nutrients are sufficient in the foods themselves to meet require-
ments. The addition of salt and sugar is not necessary for acceptance—
that is best accomplished by repeated presentation of the food.
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° Warm solid foods to body temperature, but do not heat them exces-
sively. After microwaving food for an infant, mix the food thoroughly
and check the temperature to avoid burning the infant’s mouth.

e Ensure nutrient and energy sufficiency when using home-prepared
foods. In a European study, investigators found that many home-pre-
pared complementary foods were low in energy, fat, protein, iron, and
zinc. In addition, nutrient content was more variable than for infants
fed commercial baby foods, despite mothers’ intention to provide a
more nutritious diet by preparing foods at home.!!!

8. Manage and monitor each infant individually to detect and correct
for slow growth or other adverse outcomes. For breastfed infants,
this means ensuring adequate breastfeeding techniques and optimizing
human milk intake and productivity by the mother before introduc-
ing complementary foods. Because of evidence that formula displaces
human milk more readily than does solid food, complementary feeding
of breastted infants should focus on solid foods rather than on formula.
Breastfed and formula-fed infants may have their hemoglobin concen-
tration and mean corpuscular volume tested at 9 to 12 months of age
to ensure adequate hematologic status and to initiate treatment if iron
deficiency is detected.

AAP ~N

American Academy of Pediatrics Recommendations

In the United States and Canada, processed infant foods have not been impli-
cated in methemoglobinemia associated with food or water intake in infants.
Although raw spinach and beets have a higher nitrate content than do other
infant foods, one or more protective factors may prevent the extrinsic or intrinsic
formation of toxic concentrations of nitrite from these foods as commercially
processed for feeding of infants. Nitrate contamination of drinking water, which
may occur as the result of runoff from fields fertilized with nitrates, represents a
potential hazard.
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The American Academy of Pediatrics Committee on
Nutrition recommends the following foods as
excellent sources of iron in the diet of the infant.

Fitting Iron-Rich Foods Into Different Meals Eaten by An Older Infant*

Sample meal food items’ Iron content (mg)*

Morning meal could include:

Baby food, rice cereal, dry, 2 thsp 24

Poached egg, 1/2 large egg 0.5

Baby food or other fruit (vitamin C source)

Morning snack could include:

Prunes, dehydrated (low moisture), stewed, 1/8 cup 04

Whole wheat bread, commercially prepared, 1/4 slice 0.2

Vitamin C-fortified juice (vitamin C source)

Mid day meal could include:

Baby food, lamb, junior, 1/2 to 1 jar (2.5 0z) 06t01.2
Baby food, peas, strained, 1/2 jar (1.7 0z) 0.5
White bread, commercially prepared, 1/4 slice 0.2

Baby food or other fruit (vitamin C source)

Afternoon snack could include:

Baby food, oatmeal cereal, dry, 1 thsp 16

Baby food, green beans, strained, 1/2 jar (3 oz) (vitamin C source) 04

Evening meal could include:

Baby food, chicken, strained, 1/2 to 1 jar (2.5 oz) 05t01.0
Baby food, sweet potatoes, junior, 1/2 jar (3 0z) 0.3
Enriched white rice, long grain, regular, cooked (1/8 to 1/4 cup) 0.2t005

Baby food or fresh fruit (vitamin C source)

* For example, a 6- to 12-month-old breastfed infant who is receiving no iron-fortified formula. A
6-month old infant starting solid foods would not eat the variety or quantities of foods shown here.

" Assume that an adequate quantity of human milk and other foods to meet other nutrient needs
are consumed.

¥ Figures are rounded. The amount of iron obtained depends on the quantity of food that an infant
actually consumes and bioavailability factors (eg, foods and beverages that may be consumed that
may inhibit or enhance iron absorption of any non-heme iron).
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Feeding the Child

After infancy, children experience significant developmental progress that is
fundamentally tied to the evolution and establishment of eating behavior.
In contrast to infancy, however, the period from 1 year of age to puberty is
a slower period of physical growth. Birth weight triples during the first year
of life but does not quadruple until 2 years of age; birth length increases by
50% during the first year but does not double until 4 years of age. Although
growth patterns vary in individual children, from 2 years to puberty, chil-
dren gain an average of 2 to 3 kg (4.5-6.5 Ib) and grow in height 5 to 8 cm
(2.5-3.5 in) per year. As growth rates decrease during the preschool years,
appetites decrease and food intake may appear erratic and unpredictable.
Parental confusion and concern are not uncommon. Frequently expressed
concerns include the limited variety of foods ingested, dawdling and dis-
tractibility, limited consumption of vegetables and meats, and a desire for
too many sweets. Parental concern regarding children’s eating behaviors,
whether warranted or unfounded, should be addressed with developmen-
tally appropriate nutrition information. Anticipatory guidance for parents
and caregivers is key to preventing many feeding problems.

An important goal of early childhood nutrition is to ensure children’s cur-
rent and future health by fostering the development of healthy eating behav-
iors. Caregivers are called on to offer foods at developmentally appropriate
moments—matching the child’s age and stage of development with his or her
nutrition needs. Appropriate limits for children’s eating are set by adhering
to a division of responsibility in child feeding.! Caregivers are responsible for
providing a variety of nutritious foods, defining the structure and timing of
meals, and creating a mealtime environment that facilitates eating and social
exchange. Children are responsible for participating in choices about food
selection and determining how much is consumed at each eating occasion.

Toddlerhood

Toddler eating patterns are characterized by independence in terms of both
the physical skills that allow them to become mobile and to self-feed and
the acquisition of language skills that enable them to verbally express eat-
ing preferences and needs. Between 7 and 12 months of age, most infants
become capable of grasping food with their hands, removing food from
the spoon with their lips, and making the transition to eating soft foods or
those with tiny lumps without gagging.'? By 15 months of age, the toddler
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is generally capable of self-feeding firmer table foods and drinking from a
“sippy” cup without help.? Weaning from the bottle should occur at the be-
ginning of toddlerhood (12-15 months of age), and bedtime bottles should
be particularly discouraged because of their association with dental caries,
as should bottles containing juice at any time of the day.? Between the first
and second year, infants move from gross motor skills required for holding
a spoon to developing fine motor skills needed to scoop food, dip food, and
bring the spoon to the mouth with limited spilling.!? Supporting self-feeding
is thought to encourage the maintenance of self-regulation of energy intake
and the mastery of feeding skills. Given earlier opportunities for mastery

of self-feeding skills, the older toddler (2 years of age) is ready to consume
most of the same foods offered to the rest of the family, with some extra
preparation to prevent choking and gagging.

Toddlers are continually engaged in understanding the cause-and-effect
relationship. In the eating domain, this translates into using utensils to move
foods and using food and eating to elicit responses from the parent. These
interactions are part of children’s learning about the family’s and culture’s
standards for behavior; children as young as 2 years of age have demonstrat-
ed the ability to evaluate their actions according to its badness or goodness
in relation to parental standards for behavior.® An example of this type of
learning is the toddler’s response of “uh-oh” to dropping food or drink on
the foor. Toddlers seek attention and will find ways, positive or negative,
to engage the notice of parents. Helping parents focus on children’s positive
eating behaviors rather than on food refusals or negative conduct, will keep
mealtime pleasant and productive.

Preventing Choking

Gagging and choking are realistic concerns for the toddler. The chewing
and swallowing functions are not fully developed until 8 years of age, so a
number of precautions should be followed to avoid choking. The toddler
should be given foods that gradually build self-feeding skills—starting with
soft, mashed, or ground foods and building to prepared table foods by 15
to 18 months of age. Foods that may be hard to control in the mouth and
may be easily lodged in the esophagus, such as nuts, raw carrots, popcorn,
and round candy, should be avoided. Other potentially problematic foods—
like hot dogs, grapes, and string cheese—may be modified by cutting them
into small pieces. The caregiver should always be present during feeding
and children should be seated in a high chair during mealtimes. The meal-
time environment ideally should be free of distractions like television, loud

146 Chapter 6



PEDIATRIC NUTRITION HANDBOOK

music, and activities. Eating in the car should be discouraged, because: 1)
aiding the child quickly is difficult if the only adult present is driving; and 2)
with obesity prevention in mind, eating should not be encouraged in envi-
ronments that are not related to family meals (in cars, in front of television/
computers, etc). Finally, analgesics used to numb the gums during teething
may anesthetize the posterior pharynx; children who receive such medica-
tions should be carefully observed during feeding.

Food Acceptance

Preferences for the taste of sweet have been observed shortly after birth,*
and young children show the capacity to readily form preferences for the
flavors of energy-rich foods.> Acceptance of other foods, however, is not
immediate and may occur only after 8 to 10 exposures to those foods in a
noncoercive manner.5® The findings of one study indicate that many parents
are not aware of the lengthy but normal course of food acceptance in young
children; approximately 25% of mothers with toddlers reported offering
new foods only 1 or 2 times before deciding whether the child liked it, and
approximately half made similar judgments after serving new foods 3 to

5 times.” Touching, smelling, and playing with new foods as well as put-
ting them in the mouth and spitting them back out are normal exploratory
behaviors that precede acceptance and even willingness to taste and swal-
low foods.! Beginning around 2 years of age, children become character-
istically resistant to consuming new foods, and sometimes dietary variety
diminishes to 4 or & well-accepted favorites. In a study of 3022 infants and
toddlers ranging from 6 to 24 months of age, half of mothers with 19- to
24-month-old toddlers reported picky eating, whereas only 19% reported
picky eating among 4- to 6-month-old infants.? It should be stressed to fami-
lies that children’s failure to immediately accept new foods is a normal stage
of child development that, although potentially frustrating, can be dealt with
effectively with knowledge, consistency, and patience.

Although toddlers are in a generally explorative phase, they can go on
food “jags,” during which certain foods are preferentially consumed to the
exclusion of others.!*'? Parents who become concerned when a “good eater”
in infancy becomes a “fair to poor” eater as a toddler should be reassured
that this change in acceptance is developmentally typical.

Preschoolers
Preschoolers have more fully developed motor skills, handle utensils and
cups efficiently, and can sit at the table for meals. Since growth has slowed,

Feeding the Child 147



6TH EDITION

their interest in eating may be unpredictable, with characteristic periods of
disinterest in food. Their attention span may limit the amount of time that
they can spend in the mealtime setting; however, they should be encour-
aged to attend and partake in family meals for reasonable periods of time
(15-20 minutes)—whether they choose to eat or not.

As children move from toddlerhood to the preschool years, they become
increasingly aware of the environment in which eating occurs, particularly
the social aspects of eating. By interacting with and observing other children
and adults, preschool-aged children become more aware of when and where
eating takes place, what types of foods are consumed at specific eating oc-
casions (ie, ice cream is a dessert food), and how much of those foods are
consumed at each eating occasion (ie, “finish your vegetables”). As a con-
sequence of this increased awareness, children’s food selection and intake
patterns are influenced by a variety of environmental cues, including the
time of day?®; portion size!*¢; controlling child feeding practices, including
restriction and pressure to eat’'%; and the preferences and eating behaviors
of others.?!

During the preschool period, most children have moved from eating on
demand to a more adult-like eating pattern, consuming 3 meals each day as
well as several smaller snacks. Although children’s intake from meal to meal
may appear to be erratic, total daily energy intake remains fairly constant.?
Children show the ability to respond to the energy content of foods by
adjusting their intake to reflect the energy density of the diet.'”? In contrast
to their skills in regulation of food intake, young children do not appear
to have the innate ability to choose a well-balanced diet.!'? Rather, they
depend on adults to offer them a variety of nutritious and developmentally
appropriate foods and to model the consumption of those foods.

School-Aged Children

During the school years, increases in memory and logic abilities are accom-
panied by reading, writing, and math skills and knowledge. This is the period
in which basic nutrition education concepts can be successfully introduced.
Emphasis should be placed on enjoying the taste of fruits and vegetables
rather than to focus exclusively on their healthfulness, because young chil-
dren tend to think of taste and healthfulness as mutually exclusive.?* So-
cially, children are learning rules and conventions and also begin to develop
friendships. During the period between 8 and 11 years of age, children begin
making more peer comparisons, including those pertaining to weight and
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body shape. An awareness of the physical self begins to emerge, and com-
parisons with social norms for weight and weight status begin to occur. Dur-
ing this period, children vary greatly in weight, body shape, and growth rate,
and teasing of those who fall outside the perceived norms for weight status
frequently occurs. Friends and those outside the family can influence food
attitudes and choices either beneficially or negatively, which can affect the
nutritional status of a given child. Television is another source of influence
on young children’s eating, given that a majority of US school-aged children
watch at least 2 hours of television each day? The more time children spend
watching television, the more likely they are to have higher energy intakes;
consume greater amounts of pizza, salty snacks, and soda; and to be over-
weight than children who spend less time watching television.??

School-aged children have more freedom over their food choices and,
during the school year, eat at least 1 meal per day away from the home.
Choices, such as the decision to consume school lunch or a snack bar meal,
may affect dietary quality.®

Eating Patterns and Nutrient Needs

Toddlers

Toddlers eat, on average, 7 times each day, with snacks representing ap-
proximately one fourth of daily energy intake. Between 15 and 24 months
of age, approximately 59% of energy comes from table foods.®! Milk con-
stitutes the leading source (25%) of daily energy, macronutrients, and many
vitamins and minerals, including vitamins A and D, calcium, and zinc.*?
Fruit and vegetable intake is notably absent in some toddlers. Between 28%
and 33% of toddlers do not consume fruit and between 18% and 20% do
not consume vegetables on a given day; French fries are the vegetable most
commonly consumed by toddlers.*

Preschool and School-Aged Children

Fruit and vegetable intake among preschool and school-aged children is

also well below current recommendations.®* A majority of preschool and
school-aged children do not consume recommended amounts of fiber; low-
fiber fruits, such as applesauce and fruit cocktail, have the greatest contribu-
tions to daily fiber intake.? Alternatively, children’s intakes of fat, discretion-
ary fat, and added sugar are high.#*3% Further, low micronutrient-dense
foods constitute more than 30% of 8- to 18-year-old children’s daily energy
intake.®® Among the top 10 food groupings contributing to children’s daily
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energy intake are cakes, cookies, quick breads, or doughnuts; soft drinks;
potato chips, corn chips, or popcorn; and sugars, syrup, or jams.% More
energy-dense diets, defined as the amount of energy per daily amountof
food and drink (g), are associated with higher energy intakes among pre-
school and school-aged children.® Trends in eating patterns among children
have been attributed to an increase in the frequency of snacking, a shift to
foods consumed away from home, and increasing food portion sizes. "=

Key Eating and Activity Concerns

Toddlers and Preschoolers School-Aged Children
e \Weaning e Fruit and vegetable acceptance
e Fluctuations in appetite e High-energy snacks
e Low micronutrient intake (iron and zinc) e Beverages and foods with added sugar
e Juice consumption e Low fiber intake
¢ Fruit and vegetable acceptance e Decreased milk consumption
e Television and screen time e Television and screen time
* Routines for eating and activity e Dieting and body image
AAP N
The American Academy of Pediatrics Committee on
Nutrition recommends the following foods as
excellent sources of iron in the diet of the child.
Table A
Foods to Increase Iron
Selected Heme Iron Sources
Table Food Iron (mg of elemental iron)
Clams, canned, drained solids, 3 oz 238
Chicken liver, cooked, simmered, 3 oz 9.9
Oysters, Eastern canned, 3 oz 5.7
Beef liver, cooked, braised, 3 oz 5.6
Shrimp, cooked moist heat, 3 oz 2.6
Beef, composite of trimmed cuts, lean only, all grades, 25
cooked, 3 0z
Sardines, Atlantic, canned in oil, drained solids with 25
bone, 3 0z
N J
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N
Turkey, all classes, dark meat, roasted, 3 0z 2.0
Lamb, domestic, composite of trimmed retail cuts, 1.7
separable lean only, choice, cooked, 3 0z
Fish, tuna, light, canned in water, drained solids, 3 oz 1.3
Chicken, broiler or fryer, dark meat, roasted, 3 oz 1.1
Turkey, all classes, light meat, roasted, 3 oz 1.1
Veal, composite of trimmed cuts, lean only, cooked, 3 0z 1.0
Chicken, broiler or fryer, breast, roasted, 3 oz 09
Pork, composite of trimmed cuts (leg, loin, shoulder), 09
lean only, cooked, 3 0z
Fish, salmon, pink, cooked, 3 oz 0.8

Commercial Baby Food*

Meat

Baby food, lamb, junior, 1 jar (2.5 0z) 1.2

Baby food, chicken, strained, 1 jar (2.5 0z) 1.0

Baby food, lamb, strained, 1 jar (2.5 0z) 0.8

Baby food, beef, junior, 1jar (2.5 0z) 0.7

Baby food, beef, strained, 1 jar (2.5 0z) 0.7

Baby food, chicken, junior, 1 jar (2.5 0z) 0.7

Baby food, pork, strained, 1 jar (2.5 0z) 0.7

Baby food, ham, strained, 1 jar (2.5 0z) 0.7

Baby food, ham, junior, 1 jar (2.5 0z) 0.7

Baby food, turkey, junior, (2.5 0z) 0.6

Baby food, turkey, strained, 1 jar (2.5 0z) 05

Baby food, veal, strained, 1jar (2.5 0z) 05
Oatmeal, instant, fortified, cooked, 1/2 cup 7.0
Blackstrap molasses, T 2 thsp 14

Tofu, raw, regular, 1/2 cup 6.7
Wheat germ, toasted, 1/2 cup 5.1
Ready-to-eat cereal, fortified at different levels, 1 cup about4.51t0 18
Soybeans, mature seeds, cooked, boiled, 1/2 cup 44

J
(continued)

Feeding the Child 151



6TH EDITION

AAP

Apricots, dehydrated (low-moisture), uncooked, 1/2 cup 38
Sunflower seeds, dried, no hulls, 1/2 cup 37
Lentils, mature seeds, cooked, 1/2 cup 3.3
Spinach, cooked, boiled, drained, 1/2 cup 32
Chickpeas, mature seeds, cooked, 1/2 cup 24
Prunes, dehydrated (low-moisture), uncooked, 1/2 cup 2.3
Lima beans, large, mature seeds, cooked, 1/2 cup 2.2
Navy beans, mature seeds, cooked, 1/2 cup 2.2
Kidney beans, all types, mature seeds, cooked, 1/2 cup 2.0
Molasses, 2 thsp 1.9
Pinto beans, mature seeds, cooked, 1/2 cup 1.8
Raisins, seedless, packed, 1/2 cup 1.6
Prunes, dehydrated (low-moisture), stewed, 1/2 cup 16
Prune juice, canned, 4 fluid oz 1.5
Green peas, cooked, boiled, drained, 1/2 cup 1.2
Enriched white rice, long-grain, regular, cooked, 1/2 cup 1.0
Whole egg, cooked (fried or poached), 1 large egg 09
Enriched spaghetti, cooked, 1/2 cup 0.9
White bread, commercially prepared, 1 slice 0.9
Whole wheat bread, commercially prepared, 1 slice 0.7
Spaghetti or macaroni , whole wheat, cooked, 1/2 cup 0.7
Peanut butter, smooth style, 2 thsp 0.6
Brown rice, medium-grain, cooked, 1/2 cup 05
Commercial Baby Food*

Vegetables

Baby food, green beans, junior, 1 jar (6 0z) 1.8
Baby food, peas, strained, 1 jar (3.4 0z) 09
Baby food, green beans, strained, 1 jar (4 0z) 08
Baby food, spinach, creamed, strained, 1 jar (4 oz) 0.7
Baby food, sweet potatoes, junior, 1 jar (6 0z) 0.7
Baby food, sweet potatoes, strained, 1 jar (4 0z) 0.4
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AAP N

Cereals

Baby food, brown rice cereal, dry, instant, 1 thsp 1.8

Baby food, oatmeal cereal, dry, 1 thsp 1.6

Baby food, rice cereal, dry, 1 thsp 1.2

Baby food, barley cereal, dry, 1 thsp 1.1

Fruits Vegetables

Citrus fruits (eg, orange, tangerine, grapefruit) Red, yellow, and green
peppers

Pineapple Broccoli

Fruit juices enriched with vitamin C Tomato

Strawberries Cabbage

Cantaloupe Potato

Kiwifruit Leafy green vegetables

Raspberries Cauliflower

Source of iron values in foods: US Department of Agriculture, Agricultural Research Service.

USDA National Nutrient Database for Standard Reference, Release 20. 2007. Nutrient Data Labora-

tory Home Page. Available at: http://www.ars.usda.gov/ba/bhnrc/ndl. Accessed April 17, 2008.

Note: figures are rounded.

* Baby food values are generally based on generic jar, not branded jar; 3 oz table food meat = 85 g;
a 2.5 oz jar of haby food = 71 g (an infant would not be expected to eat 3 oz [about the size of a
deck of cards] of pureed table meat at a meal).

' Source of iron value was obtained from a manufacturer of this type of molasses (October 2007).

Table B
Dietary Reference Intakes (DRIs) for Iron for Children
Birth to 6 months 0.27 mg/day*
7-12 months 11 mg/day’
1-3 years 7 mg/day’
4-8 years 10 mg/day’

* Adequate Intake (Al)
" Recommended Dietary Allowance (RDA)
L Source: Institute of Medicine, Food and Nutrition Board. 2004. Available at: http://www.nap.edu
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AAP
Table C
Fitting Iron-Rich Foods Into Different Meals Eaten by Toddlers (1 to 3 Years Old)
Sample Meal Food ltems* Iron Content (mg)'
Morning meal could include:
Oatmeal, instant, fortified, cooked, 1/3 cup 47
Poached egg, 1 09

Vitamin-C rich fruit (vitamin C source)

Morning snack could include:

Prunes, dehydrated (low moisture), stewed, 1/4 cup 0.8

Whole-wheat bread, commercially prepared, 1/2 slice 0.3

Vitamin C-fortified juice (vitamin C source)

Mid day meal could include:

Tofu, regular, 1/4 cup 33
Spinach, cooked, boiled, 1/4 cup 1.6
White bread, commercially prepared, 1/2 slice 0.5

Vitamin-C rich fruit (vitamin C source)

Afternoon snack could include:

Chickpeas, cooked, 1/4 cup 1.2

Macaroni, whole wheat, elbow shaped (1/4 cup) 04

Vitamin-C rich fruit (vitamin C source)

Evening meal could include:

Turkey, dark meat, roasted, 1.5 oz 1.0
Green peas, cooked, 1/4 cup 0.6
Enriched white rice, long-grain, regular, cooked (1/3 cup) 0.6

Vitamin-C rich fruit (vitamin C source)

Note: the amount of iron obtained depends on the quantity of food that a child actually consumes

and bioavailability factors (eg, foods and beverages that may be consumed that may inhibit or

enhance iron absorption of any non-heme iron).

* Assume that an adequate quantity of cow milk and other foods to meet other nutrient needs are
consumed.

" Figures are rounded.

&
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Energy Needs

Dietary Reference Intakes (DRIs) are a set of 4 nutrient-based reference
values that can be used for planning and assessing diets of individuals and
groups (see Appendix ]).* The DRIs include data on safety and efficacy,
reduction of chronic degenerative disease (rather than the avoidance of
nutritional deficiency), and data on upper levels of intake (where available).
The estimated average requirement (EAR) refers to the median usual intake
value that is estimated to meet the requirements of one half of apparently
healthy individuals of a given age and sex over time. The Recommended
Dietary Allowance (RDA) refers to the level of intake that is adequate for
nearly all healthy individuals of a given sex and age. When the EAR or RDA
has not been established, an Adequate Intake (Al) is provided as a standard.
The tolerable upper intake level (UL) is the highest level of continuing daily
nutrient intake that is likely to pose no risk of adverse health effects in al-
most all individuals. The UL, however, is not intended to be a recommend-
ed level of intake. Using the age- and sex-specific EAR, is it possible to make
a quantitative statistical assessment of the adequacy of an individual’s usual
intake of a nutrient and to assess the safety of an individual’s usual intake by
comparison with the UL.

Energy needs are most variable in children and depend on basal metabo-
lism, rate of growth, physical activity, body size, sex, and onset of puberty
(also see Chapter 13: Energy). Many nutrient requirements depend on
energy needs and intake. Micronutrients that are most likely to be low or
deficient in the diets of young children are calcium, iron, zinc, vitamin B,
magnesium, and vitamin A.*4

Supplements

Parents often ask health care professionals whether their children need vita-
min supplements, and many routinely give supplements to their children,
with recent estimates suggesting that 30% to 40% of children are given
some kind of supplement.®! The children who receive supplements are not
necessarily the children who need them most, however, and in some cases,
adequate amounts of the marginal nutrients, such as calcium and zinc, are
not included in the supplement. Routine supplementation is not necessary
for healthy growing children who consume a varied diet. For children and
adolescents who cannot or will not consume adequate amounts of micronu-
trients from any dietary sources, the use of mineral supplements should be
considered. Children at nutritional risk who may benefit from supplementa-
tion include those:
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1. With anorexia or an inadequate appetite or who follow fad diets.

2. With chronic disease (eg, cystic fibrosis, inflammatory bowel disease,
hepatic disease).

From deprived families or who suffer parental neglect or abuse.

Who participate in a dietary program for managing obesity.

Who consume a vegetarian diet without adequate intake of dairy products.
With failure to thrive.

o o w

Evaluation of dietary intake should be included in any assessment of
the need for supplementation. If parents wish to give their children supple-
ments, a standard pediatric vitamin-mineral product containing nutrients
in amounts no larger than the DRI (EAR or RDA) poses no risk. Amounts
higher than the DRI should be discouraged and counseling should be
provided about the toxic effects, especially of fat-soluble vitamins. Because
the taste, shape, and color of most pediatric preparations are as attractive as
candy, parents should be cautioned to keep them out of reach of children.
(See Chapters 17-20 for more information on vitamins and minerals.)

Dietary Fat

In recent decades, emphasis and educational efforts supporting low-fat,
low-cholesterol diets for the general population have increased. A variety

of health organizations, including the American Academy of Pediatrics,
recommend against fat or cholesterol restriction in the first 2 years of life,
when rapid growth and development require high intakes of energy. For this
reason, nonfat milks are not recommended for use in children younger than
2 years. For children between 12 months and 2 years of age, low-fat dairy
products should be considered for children with a body mass index (BMI) at
the 85th percentile or greater or a family history of obesity. Fat intake should
be gradually decreased during the toddler years so that fat intake, averaged
across several days, provides approximately 30% of total energy.**® Par-
ents should be reassured that this level of intake is sufficient for adequate
growth®”" and does not place children at increased risk of nutritional
inadequacy.” Transitioning children’s diets to provide 30% energy from fat
can be achieved by substituting grain products, fruits, vegetables, low-fat
milk products or other calcium-rich foods, beans, lean meat, poultry, fish,

or other protein-rich foods for higher-fat foods. Because concerns have been
expressed that some parents and their children may overinterpret the need
to restrict their fat intakes, a lower limit of 20% of energy from fat has been

established.
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Dietary Guidelines for Americans

In 2005, the US Department of Agriculture (USDA) and Department of
Health and Human Services updated the Dietary Guidelines for Ameri-

cans (DGAs), the federal government’s science-based advice to promote
health and reduce risk of major chronic diseases through diet and physical
activity.”? The DGAs can be used in developing educational programs and
materials for people 2 years and older. The DGAs promote 3 main concepts:
(1) make smart choices from every food group; (2) find your balance be-
tween food and physical activity; and (3) get the most nutrition out of your
calories.” Overall, the DGAs encourage Americans to eat fewer calories, be
more active, and make wiser food choices. To follow the advice provided by
the DGAs, parents should be encouraged to: (1) help children consume ad-
equate amounts of fiber-rich fruits and vegetables; (2) help children consume
whole-grain products often, with at least half of total grains being whole
grains; (3) help children 2 to 8 years of age consume 2 cups per day of fat-
free or low-fat milk or equivalent milk products and help children 9 years

of age and older consume 3 cups per day; (4) enable children to engage in

at least 60 minutes of physical activity on most, preferably all, days of the
week; (5) offer foods that help keep total fat intake between 30% and 35%
of calories for children 2 to 3 years of age and between 25% and 35% of
calories for children 4 to 18 years of age; (6) choose and prepare foods and
beverages with little added sugars or caloric sweeteners; (7) choose and pre-
pare foods for children with little salt; and (8) keep foods offered to children
safe by not feeding them raw (unpasteurized) milk or any products made
from unpasteurized milk; raw or partially cooked eggs or foods containing
raw eggs; raw or undercooked meat, poultry, fish, or shellfish; unpasteurized
juices; or raw sprouts.

MyPyramid (see Appendix K, Fig K-1) is a system of educational informa-
tion and interactive tools developed by the USDA to implement the DGAs.
It provides personalized food-based guidance for the public and additional
resources for health care professionals.®® MyPyramid is based on both the
DGAs and the DRIs from the National Academy of Sciences, keeping in
mind typical food consumption patterns of Americans. MyPyramid translates
nutritional recommendations into the kinds and amounts of food to eat each
day. Guidance and print materials are available on the MyPyramid Web site
(www.mypyramid.gov) for children 2 years and older as well as for adults.

The USDA also developed child-friendly materials to support MyPyra-
mid called MyPyramid for Kids (See Appendix K, Fig K-2). MyPyramid

for Kids provides age-appropriate information for children 6 to 11 years of
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age. The MyPyramid for Kids symbol represents the general proportions of
food from each food group and focuses on the importance of making smart
food choices every day. In addition to helping parents identify the amounts
that children need from each food group, the symbol and materials can be
used to convey basic nutrition concepts for feeding young children, such as
variety and moderation. Daily physical activity is a prominent message in
MyPyramid for Kids. To support this message, Enjoy Moving, a physical ac-
tivity pyramid (http://teamnutrition.usda.gov/Resources/enjoymovingflyer.
html; see Appendix K, Fig K-3), was developed to provide a more detailed,
illustrated description of the types of physical activity in which children
may engage. Children are encouraged to get at least 60 minutes of physical
activity on most days and to do: plenty of moving whenever they can, more
making their hearts work harder, enough stretching and building muscles,
and less sitting around. Through an interactive Web-based game, lesson
plans, colorful posters and flyers, worksheets, and valuable tips for families,
MyPyramid for Kids encourages children, teachers, and parents to work
together to make healthier food choices and be active every day.

In addition, the USDA has developed dietary advice for Pregnant and
Breastfeeding women as part of the MyPyramid Web site (http://swww.my-
pyramid.gov/mypyramidmoms/index.html). The interactive “MyPyramid Plan
for Moms” provides personalized advice on the kinds and amounts of food to
eat, taking into account the trimester of pregnancy or stage of breastfeeding.
Additional information on food choices, nutritional needs, and supplements is
also available on the Web site and as downloadable fact sheets.

MyPyramid was released in April 2005, and MyPyramid for Kids was re-
leased in September 2005, and they replace the original Food Guide Pyramid
(1992) and Food Guide Pyramid for Young Children (1998), widely recog-
nized nutrition education tools.

To calculate BMI for children and adolescents 2 through 19 years of age
and the corresponding BMI-for-age percentile on a Centers for Disease
Control and Prevention (CDC) growth chart, a calculator is available on the
CDC Web site (http://apps.nced.cde.gov/dnpabmi/Calculator.aspx). Alter-
natively, a table for calculated BMI values for selected heights and weights
for ages 2 to 20 years is available (http://www.cdc.gov/nccdphp/dnpa/
bmi/O0binaries/bmi-tables.pdf).
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Nutrition Guidelines for Children*

¢ Make available and offer a colorful variety of fruits and vegetables for children to consume
every day.

e Limit intake of foods and beverages with added sugars or salt.

¢ Keep total fat intake between 30% and 35% of calories for children 2 to 3 years of age
and between 25% and 35% of calories for children 4 to 18 years of age.

o Qffer fruits, vegetables, fat-free or low-fat dairy, and whole-grain snacks to get the most
nutrition out of snacks.

o (ffer child-appropriate portions.>+->8

e Engage in at least 60 minutes of moderate to vigorous physical activity on most, preferably
all, days of the week.

e Provide food that is safe (eg, by not feeding unpasteurized juices, raw sprouts, raw [un-

pasteurized] dairy products, raw or partially cooked eggs, and raw or undercooked meat,
poultry, fish, or shellfish), especially to young children.

*Most recommendations are from the 2005 Dietary Guidelines for Americans.

Parenting and the Feeding Relationship

Feeding can be quite challenging, particularly during the toddler and pre-
school years. Satter’s division of responsibility—in which parents provide
structure in mealtime, a healthy variety of foods, and opportunities for
learning and the child ultimately decides how much and whether to eat on a
given eating occasion—represents a sound theoretical basis for implement-
ing appropriate child-feeding practices.”

Structure and routine for eating occasions is particularly important for the
young child. Children can be moved to a more adult-like eating pattern with
opportunities for consumption being centered on meals and snacks® (4-6
per day) and limited grazing in between. Adults should decide when food
is offered or available and the child should be left to decide how much and
whether they choose to eat at a given eating occasion. The physical environ-
ment should also be structured to promote healthy eating with distractions
from television or other activities avoided. Ideally, eating should occurin a
designated area of the home with a developmentally appropriate chair for
the child. Family meals, with adults present and eating at least some of the
same foods as children, provide occasions to learn and model healthful eat-
ing habits as well as opportunities to include the social aspects of eating.

The “job” of early childhood is to learn about the self and the external
environment. To facilitate learning in the eating domain, parents should pro-
vide repeated opportunities for learning about new foods and about norma-
tive eating behavior. Research suggests that it takes many exposures (up to
10) to help a child accept a novel food; therefore, patience and consistency
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are required to facilitate children’s acceptance of foods like vegetables and
meats that are not sweet.® However, parental responsibility falls short of
“getting” children to eat or like particular foods. Pressuring children to con-
sume foods or rewarding them for consuming specific foods is counterpro-
ductive in the long run, because it is likely to build resistance and food dis-
likes rather than acceptance. Instead, considering mealtime from the child’s
perspective—where everything is new and different—and recognizing that
finicky eating is a normal stage of development that children outgrow—is a
more productive outlook. Parents’ concerns can be diminished if the focus
becomes the adequacy of children’s growth rather than children’s behavior
at individual eating occasions.

Feeding Guidance for Parents

Parents’ responsibilities include:
e Choosing food.
e Setting mealtime routines.

 C(reating positive mealtime environments that are free of distractions (television, loud
music) with appropriate physical components (chairs, tables, utensils, cups, etc).

* Modeling behaviors that they desire their children learn, such as consuming a varied and
healthy diet.

* Regarding mealtime as a time of learning and mastery with respect to eating and social
skills and with respect to family and community time.

Children decide which of the foods (that are selected by parents) that they will consume. They
also decide how much to eat.

Parents can be reminded that:

e Foods should be offered repeatedly (10 times) and patiently to establish children’s ac-
ceptance of the food.

e Children need a routine of 3 meals and 2 snacks per day.

e Appropriate demands for mastery (such as using a spoon and drinking from a cup) facilitate
children’s learning and sense of accomplishment.

Pressure and coercion may have short-term benefits but will ultimately make feeding more
difficult and eating less rewarding and pleasurable.

Providing ample nourishment is important and can be an emotionally
rewarding part of parenting. Some parents have an inability to say “no” to
their toddlers’ demands and use counterproductive strategies to get their
children to consume certain foods. The most common strategy used to
encourage young children to eat is bribery. However, the use of bribes,
threats, and food restriction is adversely related to positive eating behaviors
in young children and is related to higher BMI z-scores.!
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Parents’ feeding styles have been associated with children’s dietary intake
and weight status.2% Authoritative feeding, characterized by adults encour-
aging children to eat healthy foods and allowing the child to have limited
choices but stopping short of pressuring or forcing, has been associated
with increased availability and intake of fruits, vegetables, and dairy and
lower intake of “less nutritious” foods.>% In contrast, authoritarian feeding,
characterized by attempts to control children’s eating, has been associated
with lower intake of fruit, juices, and vegetables. Children who were told
to “clean their plates” were less sensitive to physiological cues of satiety.5
Permissive feeding, characterized by little structure in feeding, has been as-
sociated with greater intake of fat and sweet foods, more snacks, and fewer
healthy food choices.5

Young children respond well when appropriate maturity demands are
made. Children want to learn and want to eat. They also desire to partici-
pate in decisions about their own eating. Allowing them the opportunities
for mastery of eating, even when it translates into extra work and mess, ul-
timately promotes self-regulation and autonomy building. Experience is the
only established predictor of acceptance and liking. Therefore, encouraging
learning—using all senses and various modes for learning (eg, food shop-
ping and preparation; reading to children about food, eating, and cultures)—
can promote more enthusiasm for trying new foods.

Special Topics

Feeding During lliness

A common treatment for acute diarrhea has been a clear liquid diet until
symptoms improve. The American Academy of Pediatrics clinical practice
guideline on the management of acute gastroenteritis in young children®”
recommends that only oral electrolyte solutions be used to rehydrate infants
and young children and that a normal diet be continued throughout an
episode of gastroenteritis (also see Chapter 28: Oral Therapy for Acute Diar-
thea). Infants and young children can experience a decrease in nutritional
status and the illness can be prolonged with a clear liquid diet, especially
when it is extended beyond a few days.®® Continuous or early refeeding has
been shown to shorten the duration of the diarrthea. Recommendations for
toddlers and preschool children include reintroduction of solid foods shortly
after rehydration. Foods that are usually well tolerated include rice cereals,
bananas, potatoes, eggs, rice, plain pasta, and other similar foods. Dairy
products, in recommended amounts, can also be included. During viral ill-
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nesses, colds, and other acute childhood illnesses, a variety of foods should
be offered according to the child’s appetite and tolerance, with extra fluids
provided when fever, diarrhea, or vomiting is present.

Breakfast

Nationally representative data indicate that 8% to 12% of children skip
breakfast on any given day, with the numbers growing to 20% to 30%
by adolescence.®? Among school-aged children, common barriers to eat-
ing breakfast include lack of time and not being hungry in the morning.”®
Children who frequently consume breakfast have superior nutritional
profiles compared with those who do not.”! Several studies have also
demonstrated positive effects of breakfast consumption on children’s cog-
nitive performance, primarily aspects of memory,’?”® with benefits most
pronounced among children at nutritional risk.”#”> Ready-to-eat cereal is
among the top contributors to fiber, folic acid, vitamin C, iron, and zinc
intakes in young children’s diets.?*”¢ School breakfast programs, which to
a large extent serve children from low-income families,”” are associated
with improvements in children’s nutrient intake and overall diet quality.”®
School breakfast participation has also been associated with increases in
attendance and academic performance, with benefits again most pro-
nounced among children at nutritional risk.””#! The influence of breakfast
consumption on body weight is unclear. Some studies have reported a
protective association of breakfast consumption on BMI in children, /8283
particularly for ready-to-eat breakfast cereal.”6% Alternatively, breakfast
skippers have generally lower daily energy intakes than do breakfast eat-
ers, %% suggesting that the behavior may represent a marker of, rather than
a direct contributor to, overweight.”!

Obesity (also see Chapter 33: Obesity)

The prevalence of overweight among children has increased drastically
over the past 2 decades and is alarmingly high; currently, 25% of children
2 to 18 years of age are overweight.¥” Overweight children are at increased
risk of social stigmatization, hyperlipidemia, abnormal glucose tolerance,
type 2 diabetes mellitus, liver disease, and hypertension.® Environmental
influences that promote problematic eating have been given increasing
attention in light of the fact that secular increases in overweight have oc-
curred too rapidly to be explained by genetic influences alone.?*° Parents
have an important role in the etiology of childhood overweight, because
they provide children with both genes and the environment in which eat-
ing and physical activity take place. Evidence of this point is found in the
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fact that the tracking of childhood overweight into adulthood is particu-
larly strong among children who have one or more overweight parents.”

It is recommended that children younger than 3 years with a BMI >85%
percentile and with complications of obesity or with a BMI >95% percentile
with or without medical complications undergo evaluation and possible
treatment.”” When possible, guidance to promote healthful eating patterns in
the overweight child should be directed toward modifying the dietary intake
patterns and behaviors of the family as a whole rather than targeting only
the overweight child. Referring the family for nutrition and physical activity
education and counseling may be useful to help parents discuss behavioral
issues involved in child feeding. These discussions should focus on the
types of foods that are available in the home, identifying appropriate portion
sizes, and incorporating micronutrient-rich, low—energy-density foods into
the child’s and family’s diet. Parents should also be made aware that highly
restrictive approaches to child feeding are not effective but rather appear
to promote the intake of restricted foods'®*® and contribute to low self-
appraisal.” Furthermore, parents’ should be encouraged to exhibit the eating
behaviors they would like their children to adopt, because children learn to
model their parents’ eating and behaviors.?1

Increased physical activity is a critical component of childhood obesity
prevention and treatment, because low-energy diets may compromise the
nutrient status of growing children.” Sedentary behavior has been associ-
ated with overweight among children??; health care professionals should
inquire about the amount of time a child spends in front of television,
computers, and video monitors and encourage parents to set daily limits for
their children. Caregivers have a central responsibility in this area, because
they serve as role models for active lifestyles and are children’s gatekeepers
to opportunities to be physically active. Health care professionals should
convey the importance of encouraging activity of the family as a whole as
well as among individuals within the family. Children should be encouraged
to participate in discussions about diet and activity modifications, both to
take into account their preferences and allow them a sense of responsibility
for decisions about their behavior.

Beverage Consumption

Fruit juices and soft drinks, including fruit-flavored and carbonated drinks, are
increasingly common beverages consumed by young children at home and in
group settings.”® Between 1977 and 2001, soft drink intake among children 2 to
18 years of age more than doubled, largely because of increases in the average
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portion size consumed.” On any given day, 60% of toddlers consumed 100%
fruit juice, with 1 in 10 children consuming more than 14 oz of 100% fruit juice
daily.”® Further, sweetened beverages are one of the top 3 contributors (4.7 %)
to daily energy intake in this age group, with 40% of toddlers consuming fruit
drinks and 11% consuming carbonated beverages on any given day.*> Among
older children, these types of beverages provide roughly 10% of energy in 2- to
19-year-old children’s diets, with soft drinks providing as much as 8% of total
daily energy for adolescents.”” Children’s soft drink consumption exceeds that
of 100% fruit juice by 5 years of age and that of milk by 13 years of age.'® Soft
drinks, a main source of added sugar in young children’s diets,!*! have been
shown to replace milk in the diet and are associated with lower intakes of key
nutrients, particularly calcium (see Appendices L and M).1021%7

Failure to thrive has been anecdotally associated with excessive intake
of fruit juice,'® and at least 1 study found carbohydrate malabsorption
after consumption of fruit juices in healthy children and in children with
chronic nonspecific diarrhea.'” In addition, weight gain and adiposity have
been linked to excess energy-containing beverage consumption."'%!!! For
all young children, consumption of sweetened beverages should be moni-
tored.!’? For those with either chronic diarrhea or excessive weight gain,
obtaining a diet history, including the volume of fruit juice and soft drinks
consumed, is useful in approaching anticipatory guidance. Intake of fruit
juice should be limited to 4 to 6 oz/day for children 1 to 6 years of age.!®
For children 7 to 18 years of age, juice intake should be limited to 8 to 12 oz
or 2 servings per day. Parents should be encouraged to routinely offer plain,
unflavored water to children, particularly for fluids consumed outside of

meals and snacks.!4

AAP N
Recommendations from the American Academy of Pediatrics

The American Academy of Pediatrics recommends an upper limit of 4 to 6 oz of
juice for children 1 to 6 years of age and 8 to 12 oz for children 7 to 18 years of
age. Children should be encouraged to consume whole fruits to meet recom-
mended levels of fruit intake. Pediatricians should routinely discuss the use of
100% fruit juice and fruit drinks and should educate parents about the differ-
ences between the two.

Pediatrics. 2001;107:1210-1213 (Reaffirmed October 2006) )
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The Role of Anticipatory Guidance in Promoting Healthy Eating
Behaviors

The feeding relationship is vital for its role in promoting healthy growth and
development but also for its function in engendering healthy behaviors and
habits that can prevent the advent of chronic disease. Beyond physiological
outcomes associated with poor eating habits and environments, the feed-
ing relationship is critical for establishing a healthy parent-child relation-
ship. Feeding, at its best, provides opportunities for pleasure, learning, and
attaining security as well as occasions for self-discovery and for learning
self-control.

A healthy feeding environment requires structure, knowledge, supportive
limit setting and parenting, an appreciation of children’s developing capabili-
ties, and perhaps most of all, patience. The pediatrician’s role includes the
timely delivery of information that links children’s individual development
to their nutrition needs. Each well-child visit can be structured to include
nutrition guidance that is relevant to the individual child’s development
and growth. Information regarding a child’s growth and weight status (by
use of BMI curves adjusted for sex and age) and interpretation of the child’s
growth tracking over time is both important and enlightening for parents.
Furthermore, anticipating and addressing problematic childhood behaviors
(eg, neophobia and preferences for sweet-tasting foods) and framing them in
a developmental light often alleviates parental overconcern. Guiding parents
to establish and adopt routines for eating and physical activity from infancy
through adolescence will greatly assist parents to prioritize healthy eating
and activity patterns. Pediatricians can support families by offering contin-
ued encouragement and direction regarding the benefits of a varied diet, ap-
propriate expectations for children’s intake, and the importance of physical
actvity for children and families.
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Adolescent Nutrition

Approximately 36.5 million people in the United States (14% of the popu-
lation) are 10 to 19 years of age. Because adolescents grow and develop

at a different rate than children, they have unique nutritional needs. Some
adolescents have insufficient intakes of calcium, iron, and vitamins A and C.
Special situations, such as pregnancy, chronic disease, and physical condi-
tioning, increase nutritional requirements of the adolescent. Some disorders
seen during adolescence, such as anorexia, bulimia, and obesity, are associ-
ated with insufficient or excessive nutrient intakes.

Factors Influencing Nutritional Needs of Adolescents

The onset of puberty, with its associated increased growth rate, changes in
body composition and physical activity, and onset of menstruation in girls,
affects normal nutritional needs during adolescence. Increased growth rates
occur in girls between 10 and 12 years of age and in boys about 2 years
later, although substantial individual variability occurs. Growth in gitls is ac-
companied by a greater increase in the proportion of body fat than in boys,
and in boys, growth is accompanied by a greater increase in the proportion
of lean body mass and blood volume than in girls. There are a number of
tools geared specifically toward assessing adolescent nutrition.!

Dietary Reference Intakes

The Dietary Reference Intakes (DRIs) provide guidelines for normal nutri-
tion of adolescent boys and girls in 2 age categories: 11 to 14 years and 15
to 18 years (Appendix ], Table ]-1). The Recommended Dietary Allowances
(RDAs) for energy are based on the median energy intakes of adolescents
followed in longitudinal growth studies. Among adolescents, individual
variability occurs in the rates of physical growth, timing of the growth spurt,
and physiologic maturation. In addition, individual physical activity patterns
vary widely. For these reasons, assessment of energy needs of adolescents
should include consideration of appetite, growth, activity, and weight gain
in relation to deposition of subcutaneous fat. Restricted food intake in the
physically active adolescent results in diminished growth and a drop in the
basal metabolic rate and, in girls, amenorrhea. For protein, vitamins, and
minerals, the DRIs are estimates designed to meet the needs of almost all
healthy adolescents; therefore, they exceed the requirements for the average
person. Because of the rapid growth rate at these ages, it is recommended
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that fat should constitute approximately 30% of dietary calories during the
first 2 decades of life.?

During adolescence, increases in the requirement for energy and such
nutrients as calcium, nitrogen, and iron are determined by increases in lean
body mass rather than an increase in body weight, with its variable fat
content. On the basis of data from 570 males between 8 and 25 years of age
and 450 females between 10 and 20 years of age, the male lean body mass
increases from 27 to 62 kg (an average of 35 kg), and the female lean body
mass increases from 24 to 43 kg (an average of 19 kg).3* Assuming that the
lean body contents of calcium, iron, nitrogen, zinc, and magnesium of ado-
lescents are the same as those of adults, the daily increments of body nu-
trients for the growing adolescent can be estimated (Table 7.1).° The incre-
ments in body contents of these nutrients and the increased nutrient needs
are not constant throughout adolescence but are associated with growth rate
rather than chronologic age.

Table 7.1
Daily Increments in Body Content of Minerals and Nitrogen During Adolescent Growth*
Average for Average at Peak of
Mineral Sex 10-20y, mg Growth Spurt, mg
Calcium M 210 400
F 110 240
Iron M 0.57 11
F 0.23 09
Nitrogen' M 320 610
F 160 360
Zinc M 0.27 0.50
F 0.18 0.31
Magnesium M 44 8.4
F 2.3 5.0

* Adapted from Forbes®
* Multiply by 0.00625 to obtain grams of protein.

Nutrition Concerns During Adolescence

The National Health and Nutrition Examination Surveys (NHANES
[1971-1974, 19761980, and 1988-1991]) found that of all age groups,
adolescents had the highest prevalence of unsatisfactory nutritional status.
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On the basis of dietary recall, adolescents’ intakes of calcium, vitamin A,
vitamin C, and iron were below the RDAs. The nutrient intakes of male
adolescents were closer to the RDAs simply because they ate relatively more
food, whereas female adolescents frequently dieted. Soft drinks, coffee, tea,
and alcoholic beverages often replaced milk and juice. Milk intake was di-
minished in nonwhite adolescents, possibly because of lactose intolerance.

Food habits of adolescents are characterized by: (1) an increased tendency
to skip meals, especially breakfast and lunch; (2) eating more meals outside
the home; (3) snacking, especially candies; (4) consumption of fast foods; and
(5) dieting. Some adhere to vegetarian diets or to extremely restrictive dietary
regimens, such as Zen macrobiotic diets. Some adolescents follow fad diets
and may change their eating habits frequently. These behavioral patterns are
explained by the adolescents’ independence and busy schedule, difficulty in
accepting existing values, dissatisfaction with body image, search for self-
identification, desire for peer acceptance, and need to conform to the adoles-
cent lifestyle. As a result of typical adolescent food behaviors, the following
aspects of poor nutrition are related to the adolescent’s diet.

1. Energy: The low energy intake by many adolescents creates difficulties
in planning diets that contain adequate amounts of nutrients, especially
iron. The RDAs for energy do not include a safety factor for increased
energy needs attributable to illness, trauma, or stress and should be
considered to be only average needs. Actual needs for adolescents vary
with physical activity levels and the stage of maturation.

2. Protein: During adolescence, protein needs, like those for energy, cor-
relate more closely with growth pattern than with chronologic age.

3. Calcium: Because of accelerated muscular and skeletal growth, calcium
needs are greater during puberty and adolescence than during child-
hood.

4. Iron: The need for iron is increased during adolescence to sustain the
rapidly increasing lean body mass and hemoglobin mass; in female
adolescents, it is needed to offset menstrual losses as well.

5. Zinc: Zinc is essential for growth and sexual maturation. Growth retar-
dation and hypogonadism have been reported in adolescent boys with
zinc deficiency.

6. Vegetarianism: Adolescents who consume no animal products are
vulnerable to deficiencies of several nutrients, particularly vitamins D
and B,,, riboflavin, protein, calcium, iron, zinc, and perhaps other trace
elements (see Chapter 9).
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Dental caries: Although dental caries begin in early childhood, they are
a highly prevalent nutrition-related problem of adolescence. Caries are
associated with low fluoride intake in childhood and frequent consump-
tion of foods containing carbohydrates (see Chapter 48).

. Obesity: Results from the 1999 NHANES report that 14% of individuals

between 12 and 19 years of age were overweight. This was an increase
of 3% when compared with the previous NHANES report. The major
nutrition-related health problem of obesity in adolescents is discussed in
Chapter 33.

. Conditioned deficiencies: A number of drug-nutrient interactions have

been described (Appendix N).” Anticonvulsant drugs, especially phe-
nytoin and phenobarbital, interfere with the metabolism of vitamin D
and can lead to rickets and/or osteomalacia; therefore, supplementation
with vitamin D may be desirable. Isoniazid interferes with pyridox-

ine metabolism. Oral contraceptives may have effects on serum lipid
concentrations—in some cases, positive; in other cases, negative—that
may have some clinical significance.®

Chronic disease: Adolescents may have inflammatory bowel disease,
diabetes mellitus type 1 or type 2, juvenile rheumatoid arthritis, and
sickle cell disease, among other chronic diseases. These chronic diseases
can profoundly affect nutritional status.

Nutritional Considerations During Pregnancy (also see Chapter 11)
Approximately 500 000 live births to adolescent females per year are
reported; more than one tenth of the adolescents are 15 years or younger.
Pregnancy is believed to cause additional stress on the nutritional status of
the growing and maturing adolescent. Because the adolescent growth spurt

is not complete until a few years after menarche, fetal demand for nutrients
could place maternal growth in jeopardy. This is especially true in girls who
mature early and in girls whose prepregnancy nutritional status is unsatisfac-

tory. However, the nutrient requirements for the adolescent growth spurt,
which wanes by the time pregnancy is possible, represent only a small
amount above that considered the requirement for a nongrowing preg-
nant adult. Growing pregnant adolescents gain more weight than do their

nongrowing adolescent counterparts. Still, growing adolescents have smaller

babies than those who are not growing.’
Although the fetus may be protected from the vagaries of maternal diet,
except in extreme malnutrition, supplementation of inadequate maternal
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diets with calories and nutrients results in improved maternal weight gain
during pregnancy and a decrease in the prevalence of infants with low birth
weight.'” However, an extensive study of healthy pregnant women showed
that protein and energy supplements did not affect birth weight, and the
birth weight of infants born to adolescent mothers is similar to those born
to older women, when race and maternal stature are considered.!!

Pregnant adolescents are just as likely as other teenage girls to skip meals,
ingest poor-quality snacks, eat away from home, be overly concerned about
weight, and have limited food choices.!? Deficiencies of calcium, vitamins
A and C, folate, iron, and zinc—most frequently reported in the diets of
adolescents—may have deleterious effects on the outcome of the preg-
nancy. Pregnant adolescents should be cautioned against skipping meals,
especially breakfast, because skipping meals may increase the risk of ketosis.
The pregnant adolescent who is a strict vegetarian may ingest insufficient
.»» vitamin D, and trace minerals. Appropriate
vitamin and mineral supplementation is necessary for those who habitu-
ally consume inadequate diets. Folate and iron supplementation should be
recommended routinely.

A comprehensive health care program for the pregnant adolescent should
include proper prenatal care, monitoring of weight gain, nutritional assess-
ment, counseling and support, family planning, and continued schooling.
Whenever possible, parents or other caregivers should be included in coun-
seling sessions. Many adolescents respond to suggestions that incorporate
ethnic foods into their eating patterns. Pregnancy may provide the educator
with a unique opportunity to help the adolescent understand and improve
her eating habits. Nonnutritional factors can also influence the pregnancy
outcome. Pregnant women should be informed of the adverse effects of
smoking and of the use of alcohol and nonessential drugs.

protein, riboflavin, vitamin B

Nutritional Concerns for Adolescent Bone Health (also see Chapter 17)
By the time of the adolescent growth spurt, the bones of the extremities
have largely completed their growth. The main bone growth associated with
adolescence occurs in the axial bones and is accompanied by a large increase
in bone mineral density.!® Peak bone mineral accretion rates occur at 12.5
years for girls and 14.0 years for boys. Bone mineral density reaches its peak
between the ages of 20 and 30 years and decreases thereafter.!* Adolescence
is of utmost importance with regard to long-term bone health, because fully
half of the adult bone calcium is accreted during these years.'® Factors that
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influence bone growth and mineral accretion during adolescence include
genetics, hormonal status, exercise, adequacy of dietary calcium and vitamin
D, and general nutrition and health. Although genetic factors account for
more than half of the variance in final bone mineral density, the remaining
factors are amenable to manipulation.

There are a number of impediments to the teenager attaining optimal
bone health. Most teenagers in the United States do not ingest the recom-
mended daily amount of calcium (1300 g/day). The biggest factor in failure
of teenagers to achieve adequate calcium intake is the general decline in di-
etary dairy intake during these years. The American Academy of Pediatrics
recommends that adolescents consume 4 servings of dairy or the equivalent
per day.’® Many teenagers no longer drink milk for various reasons. Some
are truly lactose intolerant, some do not like the taste, and others consider
milk to be a “child’s drink.” Whatever the reason, if a teenager is not con-
suming dairy, alternative sources of calcium and vitamin D need to be iden-
tified. Juices and fruit drinks fortified with both these nutrients are commer-
cially available. Green, leafy vegetables that are not high in oxalates, such
as broccoli, have bioavailable calcium; spinach, because of it high oxalate
concentration, is not a good source of calcium. America’s youth has also
become progressively less active, and the amount of “screen time” they
have daily has increased. These trends are detrimental to good bone health.
Weight-bearing, moderate physical activity should be encouraged.'
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Cultural Considerations in Feeding Children

Introduction

One of the 2 overriding goals of Healthy People 2010, the set of health objec-
tives for the nation, is to eliminate health disparities by addressing the needs
of a population with expanding cultural diversity.! This goal recognizes the
growing number and population of ethnic and racial groups in the United
States, including individuals from the Caribbean, Central and South Amer-
ica, Asia, Southeast Asia, South Pacific islands, Africa, Russia, and other
former Soviet Republic block countries. It is projected that by the year 2050,
minorities will represent one-half of the population of the United States.?
Newly arriving groups bring and retain their cultural identities that encom-
pass long-held traditions and customs, including health beliefs and behav-
iors that often present challenges to health care professionals. Food choices
and eating habits, an elemental part of one’s culture, are among the most
potent and emotional elements of these traditions, values, and behaviors.

Culture is a dynamic process that is both learned and shared and re-
flects values, practices, and habits passed down from one generation to the
next.>® Food and eating are among the most deep-seated cultural behaviors
in life and are reflected in the way we feel and think about, value, choose,
and share our food as well as when, how, and with whom we eat. Especial-
ly during early and middle childhood, family environments are key for the
development of food preferences, patterns of food intake, eating styles, and
activity preferences and patterns that shape children’s growth, development,
and health. However, from a cultural-ecological perspective, caregivers make
conscious choices about behavior regarding infant and child feeding practic-
es and act within a system of environmental constraints and opportunities.”
Thus, caregivers also show adaptive behavior as manifested in the changing
of feeding practices within new environments, as occurs with migration or
contacts with different cultures and situations.

Feeding the infant as well as the young child is often approached from
the narrow viewpoint that the young child is the passive receiver of food
and depends on the mother’s ability to adequately fulfill this role or not,
and the mother’s feeding of her child is rarely seen in the total context of her
life. A cultural-ecological perspective for child feeding requires that atten-
tion be focused not only on the individual decision makers, the mother, and
household but also on the characteristics of the environment in which the
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decisions are made. Mothers may be influenced in their choices of feeding
practices by economic considerations and food availability, allocation of
time, health characteristics and concerns, the presence of alternative care-
givers, beliefs and values related to social acceptability of the choices, and
advice from other people and media sources.” Understanding the cultural
context of the mother and child will help health care professionals give ap-
propriate and effective nutrition advice.

Importance of Addressing Cultural Food Practices

Cultural patterns are significant, because feeding patterns, the food and
beverages consumed, and how these are given or served determine health
and nutritional status and, especially in the case of children, provide op-
portunities for social, emotional, and educational development.®® Optimal
health, which incorporates balanced nutrition, is a highly significant factor in
enabling an infant to grow as an individual into a healthy, well-adjusted, and
productive adult.

A major concern about feeding practices of infants and young children in
the United States is the growing problem of childhood overweight and obe-
sity, with a high prevalence of these conditions in immigrant groups as well
as other sectors of the population. Counseling to address feeding practices
and lifestyles that lead to overweight and obesity is required and will only
be effective if the cultural aspects of infant and child feeding and nutrition
are understood and addressed by health care professionals.

Understanding Cultural Food Practices: Challenges for Health
Care Professionals

The beliefs and perceptions of mothers, families, and children may be
similar to or completely different from those of the health care professional.
To bridge this gap, health care professionals who are sensitive to the cultural
issues of their patients and willing to learn from them are better able to ad-
dress their health and nutritional problems. Health care professionals who
are knowledgeable in understanding the depth of these practices or who

are culturally sensitive will more likely succeed in counseling patients to
improve the health of children and their families.

As families migrate, there are necessary changes in their cultural food pat-
terns, health beliefs, and behaviors and lifestyles. This process of accultura-
tion may occur relatively rapidly, slowly, or not at all, frequently leading to
a mixture of traditional and “modern” cultures. As a result, counseling and
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advising parents about nutrition and feeding requires listening to what the
parent is saying and observing responses and reactions to questions asked.
Interventions, if any, require an integrated cultural approach.

Within every culture, there are individuals who do not necessarily
embrace the same set of values, beliefs, and behaviors, and the degree of
changes and adaptations to the local context vary. Thus, some cultural
groups are more homogenous than others. Examples of more homogenous
groups include some Muslim and Hasidic Jewish groups comprising chil-
dren and families who adhere to a defined set of religious and dietary laws
or customs, like fasting on certain days or completely avoiding certain foods
like pork and pork products. In comparison, other cultural groups, such as
Hispanic immigrants and black people in the United States, have a wider
range of cultural practices in relation to the feeding of their children.

Infant Feeding: Foundation of Eating Behavior

Eating is a learned process that begins at birth, starting with the first food
and the very first feeding. These practices are reinforced with each and every
subsequent feeding. For example, for the breastfed infant, there is the physi-
cal, emotional, and social bonding and attachment that begins to evolve
between mother and infant. What foods an infant or young child is fed,

the climate or environment in which feeding occurs, and the feelings and
attitudes of the person who does the feeding all reflect the cultural practices
of both mother and child. Because feeding an infant is defined within the
cultural framework of the mother and family, it is important to understand
the meaning of food and eating within this context, especially its strong role
as a determinant of later food patterns and practices of a child.

Breastfeeding Practices

Cultural perceptions toward breastfeeding an infant vary considerably.
Optimal breastfeeding practices as promoted by the World Health Or-
ganization include exclusive breastfeeding during the first 6 months and
continued breastfeeding during the second year of life.!” These practices
are uncommon in North America, and the reasons for breastfeeding or not
vary across different cultures. Breastfeeding is frequently the cultural norm
in many countries of origin of immigrants in the United States. Mothers in
countries such as Colombia'! or Peru'? consider human milk the best and
other milks or formula second best. When these substitutes are given, it is
primarily because the mother perceives she has insufficient milk or caregiv-
ers believe that the infant requires other liquids to satisfy thirst or prevent
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or treat colic.!? Perceived negative effects on the mother’s health or a new
pregnancy are also common reasons for weaning. Black mothers!® and white
higher-income mothers in the United States have also given insufficient milk
production as a reason for not breastfeeding.*

Negative changes have generally occurred with breastfeeding practices in
the process of acculturation with migration. Although Hispanic infants in
the United States are more likely to have been breastfed than non-Hispanic
infants, the prevalence of breastfeeding is much lower than populations in
their countries of origin, and studies show that the vast majority of chil-
dren of Hispanic mothers in the United States also receive infant formula.'®
Children of Spanish-speaking Mexican American mothers are more likely to
breastfeed than English-speaking Mexican mothers,'® and mothers emigrat-
ing from Mexico to the United States are more likely to breastfeed than
those born in the United States.”” Similarly, Pakistani mothers in the United
Kingdom breastfed much less than did those in Pakistan. Reasons given for
this difference included cultural factors, such as peer pressure and social ac-
ceptance, as well as the promotion of formula feeding in the United King-
dom." Another example of changes in breastfeeding habits has been seen
in Hmong refugee families in the United States who formula feed instead of
breastfeeding their infants.’” The Hmong traditionally have the child-raising
custom of “hlu” that caters to the child’s desires; thus, formula feeding may
cause infants to be given too much milk.

In a study of black mothers and their infants in North Carolina, only 14%
were breastfed for more than 3 months.” These mothers did not believe
that breastfeeding is better for an infant’s health than formula feeding. White
mothers have reported not initiating breastfeeding because it restricts their
lifestyle,“?*2 whereas reasons given by black mothers were the inconve-
nience, pain, and physical discomfort associated with breastfeeding.?*?!
White mothers of higher socioeconomic status also said that fathers could
not participate in the feeding of a breastfed child.™

Breastfeeding during the second year of life continues to be advantageous
to a child’s health and nutrition.!® Breastfeeding during the second year is
low among Hispanic (12%) and non-Hispanic (6%) populations in the Unit-
ed States.”” Again, this contrasts with practices in countries of origin, where
it is common for mothers to continue to breastfeed during the second year
of life as internationally recommended.'® The median duration of breastfeed-
ing in Peru, for example, is 21 months?; mothers in urban Peru breastfeed
their children during the second year of life to ensure a source of good nutri-
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tion and to protect the child when ill or with a poor appetite. Mothers wean
their children when they feel that the children are eating enough food.?®

These different breastfeeding practices reflect some of the many differ-
ent cultural perspectives that need to be addressed in the promotion of
breastfeeding.

Introduction of First Foods

For optimal nutrition, health, and development, first complementary foods
should be introduced at 4 to 6 months of age (preferably 6 months of age)
with the continuation of breastfeeding through or beyond the first birth-
day. However, the age at which first foods are introduced to an infant and
the type of food offered varies considerable and is largely determined by
cultural practices and perceptions. These relate to perceptions of the infant’s
physical and neurological maturity and developmental milestones, the
child’s size, the process of maturation of the eating and digestive system,
interpretation of the child’s signs of interest in food, and the expectations
of the caregiver and other family members toward the infant’s process of
independence, among other factors.? Cultural perceptions regarding this
process vary considerably. For instance, in urban Peru, infants are perceived
to be reaching out and showing interest in food from around 3 to 4 months
of age, and caregivers respond by giving first foods, whereas the same signs
are interpreted as readiness at 7 or 8 months of age in rural populations of
the country.'%?2

Developmental factors that influence the choice of food in Hispanic
cultures as well as in other cultures include the child’s ability to swallow
and the process of “forming the stomach,” reflected in the choice of a soft
consistency of foods, such as soups, a practice also observed in Hispanic
populations in the United States,'® which may result in nutritionally inad-
equate foods and a late introduction of lumpy foods leading to later feed-
ing difficulties.?® Mashed and strained foods are considered appropriate
for infants who do not have teeth, a belief common to many populations,
including white mothers in the United States' and populations in Peru.?
Meats are considered by Peruvian mothers to be too hard for infants to eat
until 10 or 11 months of age, although chicken liver is considered appropri-
ate because of its soft texture.

Mothers do select nutritious foods for their young children, yet there
are different cultural perceptions as to what is nutritious. Examples include
soups, considered nutritious by Peruvian mothers, because the “goodness”
is thought to be extracted from the food ingredients into the broth during
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boiling; soups are a typical first food. Hispanic populations in the United
States often prefer fruit as a preferred first food, and white populations
consider vegetables as appropriate first foods.?® Hispanic mothers of children
2 to 4 years of age in the United States?” and mothers of infants in urban
Peru® both expressed a concern about “processed” foods and considered
“natural” foods best, which affects their food choices.

The introduction of first foods requires trial and error and perseverance
on the part of the caregiver. Non-Hispanic mothers have been seen to be
more perseverant than Hispanic mothers, offering new foods more frequent-
ly before deciding that their infant did not like the food.?® These cultural
attitudes toward the introduction of first foods are important considerations
to be taken into account in nutrition counseling.

Infant and Toddler Foods

Early flavor and food experiences of Hispanic infants in the United States
have been shown to differ from those of non-Hispanic infants in several
ways.'” Hispanic infants younger than 1 year were more likely to be eating
pureed baby foods daily, and at 6 to 11 months, Hispanic infants were less
likely to be eating noninfant cereals than non-Hispanic infants. Cultural fam-
ily foods, such as soups, rice, beans, and tortillas, were introduced during
the second year, and infants were more likely to eat fresh fruits and fruit-
flavored beverages and fewer canned foods than non-Hispanic children, con-
sistent with practices in Mexico. Hispanic mothers commented that prepar-
ing traditional and culturally specific foods is important to them.” Hispanic
children tended to have heightened sweet and sodium preferences.'®

Studies have shown that Hispanic toddlers in the United States consume
a higher proportion of daily energy intake from carbohydrates and a lower
proportion of energy from fats than do non-Hispanic toddlers,” with differ-
ences between English-speaking and Spanish-speaking families, indicating
a process of acculturation. Hispanic toddlers have a lower intake of calcium
and a higher intake of sodium than do non-Hispanic toddlers.

Hispanic mothers have expressed different attitudes toward foods on
coming to the United States.®® Mothers mentioned a liking for “junk” food
and commented that in their country of origin, vegetables were considered
animal food and it is difficult for them to get used to eating them in the
United States. Also, because they never had enough meat in their countries,
they now think it is the best and most delicious type of food to prepare.

Many immigrant populations value their traditional foods and consider
them part of their cultural identity, especially staple foods. Rice is a predomi-
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nant food for 9- to 12-month old toddlers in Pakistan but not so for Pakistani
toddlers in the United Kingdom.'® Other weaning foods were cereals and
eggs followed by vegetables and fruit for Pakistani children in Pakistan,
compared with vegetables, fruit, and convenience foods for Pakistani chil-
dren in the United Kingdom. However, mothers expressed confusion and
uncertainly with respect to hidden ingredients in convenience foods, prefer-
ring vegetarian options or sweet foods to avoid the possibility of eating
foods prohibited by their religion. Because of this, many mothers postponed
their child’s introduction to traditional family foods at a critical age, which
resulted in subsequent rejection when the child was older, a phenomenon
that has occurred commonly with American Indian/Alaska Native families
and has led to less nutritious diets. This uncertainty about appropriate foods
during the toddler years is a concern of many different ethnic groups and,
like appropriate first foods, needs to be addressed with parents.

Meals and Snacks
Infants starting complementary feeding at 4 to 6 months of age need to eat
semisolid or solid foods 2 to 3 times a day, and this increases to 3 meals and
1 to 2 snacks during the second year of life.!” In general, young children in
the United States consume food several times a day. Infants and toddlers of
both Hispanic and non-Hispanic families have been observed to eat a mean
of 7 times a day, with a range of 4 to 12 snacks,*" and this is consistent with
eating patterns found in Mexico.® The total daily energy intake was similar
between these ethnic groups, but there were differences in the source of
energy at the different feeding times by ethnic group and age of the chil-
dren. Notably, snacks provided a high proportion (25%) of the daily energy
intake, and Hispanic toddlers had a higher intake of carbohydrate and lower
intake of fat at lunch. Snacks provided more fiber in the Hispanic toddler
diet because of a higher rate of eating fresh fruit, especially in the afternoon.
A typical lunch was hot dogs and French fries for non-Hispanic toddlers and
cooked potatoes and raw vegetables followed by sweets for Hispanic tod-
dlers. Low-income Hispanic mothers in one study expressed an ambivalence
about adhering to a regular schedule for meals,”® in contrast to mothers in a
study in urban Peru, where a structured meal was considered best for tod-
dlers, children, and adolescents.®

Snacking in other countries shows a variety of cultural practices. In urban
Peru, similar to Mexico, toddlers, especially those who are breastfed, are
given snacks several times a day, and snacks contribute significantly to energy
intake, whereas toddlers in Ghana, as in many other developing countries, eat
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less often, consume more energy at meals, and consume little food later in the
day.3* Different practices regarding the relative importance and types of foods
served at snacks and meals require different emphases when providing advice
to parents about how to improve their children’s dietary patterns.

Young Child Feeding

Ensuring that a young child consumes a balanced diet is a challenge for all
caregivers. Giving infants and children nutritious foods and getting their
children to eat are goals for most mothers of different ethnic groups. In a
study of 2- to 5-year-old children, Hispanic mothers placed significant value
on “eating enough,” thus pressuring their children to eat. They were also
concerned about having nutritious foods for their children and providing
foods their children liked and that are easy and quick to prepare.” Middle-
income white and black mothers were concerned about providing enough
vegetables and portion sizes, and middle-income white mothers were
concerned about high-fat foods. All groups were concerned about too many
sweets. Middle-income white mothers were challenged to get their children
to eat a “balanced” diet and enough food but “not too much.” Black mothers
mentioned drinks before a meal as a challenge. Variety of food in the infant
diet is valued by all ethnic groups, and establishing good feeding habits
early in life was mentioned specifically by higher-income white mothers.*
Strategies used to introduce new foods and a mother’s response to children’s
specific alternative food requests are frequently influenced by culture.”

Feeding Style
Perhaps one of the most important cultural aspects of child feeding is the
difference in feeding styles that caregivers use with their infants and young
children. Feeding style is critical in determining the food that a child eats
and the feeding patterns he or she develops for the future. Feeding style in-
cludes family eating patterns, whether mealtimes are shared or the child eats
separately. Parental interactions during feeding include the degree of control
over the child’s eating and emotional aspects of feeding a child."®

On the basis of the work of Birch et al,* Bentley®® observed the follow-
ing feeding styles among black mothers of infants and toddlers in North
Carolina: (1) laissez faire, in which the mother has little interaction with the
child during feeding and enforces no limits regarding food; (2) pressuring or
controlling, in which the caregiver worries that the child is eating too little
or tries to soothe the child; (3) restrictive/controlling, in which the caregiver
limits a child to healthy food and the amount of food given; and (4) respon-
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sive feeding, in which caregivers are attentive to the child’s cues and set
appropriate limits. Responsive feeding is considered to be the most appro-
priate feeding style and is based on the concepts of psychosocial care 102156
A range of feeding styles is seen between and within different cultures. Typi-
cally, a laissez faire style has been observed in rural India, Central America,®
and the rural highlands of Peru,®where infants receive little physical help

or verbal encouragement, in part because they are encouraged to be inde-
pendent from an early age and fend for themselves when the next baby is
born. This feeding style often leads to inadequate food intake and undernu-
trition.®® With migration to the cities, there is a change from the laissez fair
style to a more controlling style and efforts to pressure the child to eat.

Among the black mothers in the North Carolina study,'® there was a high
prevalence of pressuring behaviors—for example, mothers said they fre-
quently tried to get their infants to finish their food and they praised them
after each bite. When the child was perceived to be thin, more pressure to
eat was applied, similar to that described in Hispanic populations in the
United States.””® The laissez faire feeding style was also observed. Moth-
ers propped up the infant’s feeding bottle, and half of the mothers reported
watching television while feeding their children, and they were less likely
to limit their children’s intake of sweet or junk food. This feeding style was
associated with perceived fatter children in contrast to that observed in rural
populations of developing countries, where it is associated with undernutri-
tion.”®* Mothers exhibiting restrictive behaviors frequently controlled how
much their children ate and some were concerned that they would eat too
much if another person fed them, and they seldom let their children eat
sweets or junk food. Mothers who exhibited a responsive feeding style
monitored their child’s feeding and kept track of how much junk foods,
high-fat foods, and sweet foods their children ate and reported being atten-
tive to their children while they were eating.

Strategies to get children to eat vary among different ethnic or cultural
groups. Special snacks or treats are used as rewards, bribes, or pacifiers
across cultures, and foods such as ice cream, gelatin, popcorn, or cookies
are common devices. Common strategies used by low-income Hispanic
mothers were bribes regarding television, playing, or dessert® and are
perceived by the mothers as effective forms of discipline rather than force.
The mother’s own upbringing influences many attitudes toward feeding. In
one study, Hispanic mothers recalled that they had to eat everything when
they were children. Mexican American mothers have also been observed to
encourage their sons to eat more than their daughters.*
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The type of verbal interaction during a meal is an integral component of
feeding style and varies considerably between cultures. There may be little
verbal interaction during feeding, as in rural communities of Peru or India®;
orders or commands given to the child during feeding, such as in urban
Peru; or a responsive verbal interaction, with praising and giving positive
comments about the food and the child, as reported by black mothers in
North Carolina.*®

Across different cultures, there is balance between pleasing children
and giving foods considered healthy, and where this balance lies depends
on the different cultures. In France, parental feeding styles tend to exclude
between-meal snacks, because it is believed that children should learn to eat
what adults eat. In contrast, in the United States, the predominant attitude is
that food choices are determined by what the child likes.!

Body Image and Expectations
How a mother perceives her child, especially in terms of body size—such
as normal weight, overweight, or underweight—is important, because it can
influence her feeding of the child. In the North Carolina study,'® black moth-
ers often thought their children were thin when they were not or that their
children were not fat when in fact they were at the higher end of the weight
distribution. The latter perception is also seen in higher-income white
mothers.” These perceptions are important, because they are related to the
parental feeding styles: the perceived thin children were pressed to eat more,
and fatter children were fed with a laissez faire style.!®

Thinness has been mentioned as being especially worrisome to immi-
grant Hispanic mothers of 2- to 5-year-olds, who considered that undernu-
trition and intestinal infections were greater threats to a child’s health than
overweight, reflecting the concern for undernutrition seen commonly in
their country of origin.?”* Thin children are considered to be more disease
prone, whereas a little extra weight is thought to help the child recover from
illness. Moderate overweight is what parents perceive as looking best or
healthiest. But even more than weight, healthy children are considered to
be those who have a happy expression, sit upright, and have healthy skin
and hair.*® In several reports, Hispanic parents believed that good health and
what foods their children ate were more important than their weight, but
they didn’t want their children to be underweight.”” Black mothers gener-
ally believed children would outgrow their overweight or that having a high
weight in childhood is healthy. They tended to believe that genetics is an
important determinant of overweight (as well as environment).?” Hispanic

192 Chapter 8



PEDIATRIC NUTRITION HANDBOOK

mothers considered that environment was a major determinant of over-
weight,” and for mothers in Pennsylvania, fatness in babies was not valued,
because they believed that fat babies would become fat adults.! These are
examples of cultural perceptions that need to be addressed to reduce the risk
of overweight and obesity. This is especially the case for Hispanic families,
for whom developing an acceptance of thin as well as a “chubby” appear-
ance may be essential to help mothers more readily accept healthy changes,
putting emphasis on improved diet and physical activity and happy children
rather than weight outcomes.*

Feeding and Child Characteristics

Fussy or difficult children demand special attention from caregivers to
ensure that they eat sufficient food. How a mother perceives her child’s
emotional and behavioral characteristics and how she reacts and responds
to the child’s temperament or fussiness varies across cultures. In a study of
black adolescents conducted in Baltimore, the child characteristics that most
influenced feeding decisions were body size, crying, sleeping patterns, and
appetite.! Studies have found that fussy or irritable infants of black mothers
are more likely to be fed to quiet them, thus leading to rapid weight gain.*
A mother’s perception of an easy temperament in her child and her own
flexibility in caregiving have been related to longer duration of breastfeed-
ing.* Black and white mothers cite children’s changing likes and dislikes of
foods as well as normal development and the introduction of new foods as
reasons for difficult feeding for 2- to 5-year-olds.?” Only Hispanic mothers
mentioned that breaking routines and illness could be a cause of difficult
feeding.

Black mothers in North Carolina described an infant who had a huge ap-
petite and was always reaching for food as a “greedy” child. Grandmothers
tended to use “greedy” as a positive quality, whereas young mothers did not
want their infants to be greedy.'® Yet, most respondents preferred a greedy
child to a picky one.*! Thus, the connotations of words used to describe a
child can vary between and within cultures and need to be understood by
the health care professional.

Specific Cultural Food Beliefs

In many cultures, there are specific beliefs around certain foods or groups of
foods. Health care professionals typically classify foods by food groups on
the basis of the food pyramid in the United States. Different cultural groups
may classify foods differently, such as foods that are prepared or eaten to-
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gether or foods that are considered good or unsuitable for infants or accord-
ing to their taste rather than their nutritional value or function.*

Among some groups, a rather complex system of food categories has
existed for centuries and is woven into the lives of families on the basis of
body image and functions.” An example of this concept is the “hot” and
“cold” humoral system common in Central and South America, in which
foods are perceived as part of the balance for the health of an individual.
Disease occurs when there is an imbalance between the hot and cold. When
these are in balance, it is thought the result is a positive state of health
for an individual. The label of hot and cold has nothing to do with the
temperature of the food but with the properties of food and illness states on
body function. An illness such as diarrhea may be considered a hot or cold
condition according to its perceived etiology, and foods with the opposite
property would be given to counteract the illness. Examples of hot foods in
the highlands of Peru are herbs or toasted wheat, and many tubers and fruits
are considered cold foods unless they have been left in the sun or processed
in a way that changes them into hot/warm foods.**

Some foods are thought to have some magical or healing properties or
contain special ingredients to improve one’s health. One example of this be-
lief is the practice of mixing raw eggs with malta (a beverage containing less
than 0.5% alcohol/12 oz) by Puerto Rican individuals, who believe this drink
will enhance a child’s appetite and, hence, promote growth.*® Frog’s blood is
considered a good medicine for anemia in Peru®; eggs are believed to cause
stubbornness in young children in the Lao People’s Democratic Republic.”

Sources of Advice on Child Feeding

Different cultures give different weight to the sources of advice of the child’s
primary caregiver regarding infant and child feeding. In some cultures,
advice from the health care professional may be the most influential; in
others, family members may be considered the most important and cred-
ible sources. It is helpful to understand who influences a mother and to take
this into account in counseling. In Hispanic cultures, the opinions of the
mother’s own mother are frequently a major influence,'® and this is often
observed in black adolescent mothers.?

The role of the father and his influence on child feeding practices varies
between cultures. Male partners of white mothers have been reported to be
more likely to influence white mothers than black partners of black mothers
and to encourage the early introduction of solids.*
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Pakistani mothers in both the United Kingdom and Pakistan received
advice on weaning food practices from family and friends, and especially
in Pakistan, from the extended family, principally from grandmothers and
other mothers in the family, and this advice often contradicted that given
by health care professionals. Pakistani mothers in the United Kingdom
expressed a lack of confidence because of the conflicting advice given by
relatives, confusion among health care professionals, and the wide variety of
baby foods available in the stores.'®

Table 8.1
Some Cultural Differences to be Considered in Counseling

Perceptions of breastfeeding, reasons for not breastfeeding

Breastfeeding versus formula feeding

Who initiates and ends a feed (mother, child)

Opinions of other family members

Breastfeeding/
formula feeding

Previous experiences, peer and social influences

Attentiveness and interactions during feeding, attention on the child, other activities
of the mother while breastfeeding or bottle feeding

Perception of child's readiness for food: age, signs, maturity

Perceptions of appropriate first foods: consistency, types of foods and reasons

of first foods

=
o
-
o
=
=
o
-
-
£

Perceptions toward trying different foods

Introduction and use of traditional foods

Food selection, home prepared, commercial foods

Preferences for sweet or savory, etc

Preference for high carbohydrate, fat, or nutrient-rich foods

Perceptions of processed and commercially available foods affecting
food choices

Introduction of new foods

Complementary (weaning) foods

What is considered a balanced and varied diet

How much should be eaten
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Table 8.1 (continued)
Some Cultural Differences to be Considered in Counseling

Frequency of feeding

Relative importance of meals and snacks

Perceptions to meal structure

Types of snacks, variations in the morning or afternoon

Meals and snacks

Drinks and meals

Type of feeding style: laissez faire, pressuring or controlling, restrictive controlling,
responsive feeding

How children are encouraged to eat: bribes, treats

Personal history of how mother was fed as a child

Feeding style

Verbal interaction during feeding

Pleasing children versus health foods

Perceptions of normal, underweight, overweight

Concerns of underweight or overweight

Perceptions and ideals of a healthy child

1]
=
«
=
>
=
(=]
=]

Perceptions of determinants of overweight

Perceptions of temperament and fussy children

Reasons for and responses to difficult feeding

characteristics

Child

Perceptions of child appetite

Religious or ethnic beliefs about prohibited or special foods

Specific
food
beliefs

Use of certain foods in health or illness

Who influences the mother

Importance of grandmother, extended family, and peers and what happens in situa-
tions when influential family members are not available for advice

Source of

Influence of father, health care professional

196 Chapter 8



PEDIATRIC NUTRITION HANDBOOK

Understanding as much as possible of the cultural context of the moth-
ers, children, and families and positioning advice within the context relevant
for each family will help health care professionals to be as effective as pos-
sible in assisting families to make appropriate food, diet, and feeding choices
for optimal health and development of their children.
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Nutritional Aspects of Vegetarian Diets

Vegetarianism, according to the Merriam—Webster Dictionary, is defined as “the
theory or practice of living on a diet made up of vegetables, fruits, grains,
nuts, and sometimes eggs or dairy products.” Vegetarianism is a way of life
for many individuals for various reasons. Because there can be potentially
serious implications for the growing pediatric and adolescent population
secondary to self-imposed or misguided limitations, it behooves the pedia-
trician to assess the nutritional status of vegetarian patients to ensure their
optimal health and growth and provide anticipatory guidance to prevent any
potential deficits.

A true vegetarian is a person who does not eat meat, fish, or fowl or
products containing these foods. The eating patterns of vegetarians may
vary considerably. Vegetarians are a heterogenous group of individuals
falling in different categories, as shown in Table 9.1. In fact, many so-called
vegetarians eat some meat, fish, or seafood products. A lacto-ovo vegetar-
ian eats grains, vegetables, fruits, legumes, seeds, nuts, dairy products, and
eggs but excludes meat, fish, or fowl. The lacto vegetarian excludes eggs as
well as meat, fish, and fowl. The eating pattern of a vegan, or total vegetar-
ian, is similar to the lacto vegetarian diet, with the exclusion of dairy and all
products of animal origin, including gelatin and honey. A macrobiotic diet is
based largely on grains, legumes, and vegetables. Fruits, nuts, and seeds are
consumed to a lesser extent.! However, some individuals on a macrobiotic
diet also consume limited amounts of fish. A sproutarian eats primarily

Table 9.1
Types of Vegetarians®

Classic Vegetarians New Vegetarians

Lacto-ovo vegetarians Low meat vegetarians
Lacto vegetarians Almost vegetarians
Ovo vegetarians Semivegetarians
Vegans Pesco vegetarians
Raw food eaters Pollo vegetarians
Sproutarians Pudding vegetarians
Fruitarians

Macrobiotic vegetarians

Anthroposophic vegetarians
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sprouted seeds (eg, bean sprouts, wheat, or broccoli sprouts) supplemented
with other raw foods. Fruitarianism involves fruits, berries, juices, grains,
nuts, seeds, legumes, and a few vegetables. A raw food diet excludes any-
thing cooked above 118°F; this is the temperature at which enzymes begin
to be destroyed.? People leading an anthroposophic lifestyle have a diet
comprising vegetables spontaneously fermented by lactobacilli and a restric-
tion on antibiotics, antipyretics, and immunizations.® Each of these eating
styles has different implications on the nutrition and health of children and
adolescents. Therefore, it is important for the health care professional or
nutritionist to determ