


higher 16 in breastfed compared to formula-fed
infants. Additionally, leptin concentrations of human
milk were not different in the mothers of obese and
non-obese infants 17, suggesting that milk-borne
leptin had no significant effect on adiposity during
infancy. 

Residual confounding of parental attributes
includes child feeding practices and parental control
over feeding8. Fisher et al.18 found that breastfeeding
at 12 or 13 months was associated with less maternal
control over toddler intake in the second year of life.
Maternal control in feeding was positively associated
with toddlersÕ weights, with greater levels of maternal
control in feeding reported for heavier toddlers. The
authors hypothesized that breastfeeding
acknowledges the infantÕs ability to regulate intake,
and that the early give-and-take established during
breastfeeding serves as a base for developing a
healthy feeding relationship.

���� ����	�- �!���"������ ,������������
��������� �!
In a longitudinal birth cohort study, the preventive effects of

breastfeeding for more than two months against the development of
overweight at 6 years were assessed19. In this study, 480 cases were
examined. Bottle-fed infants were defined as those who were bottle-
fed from birth or breastfed for less than three months. Breastfed
infants were those who were breastfed for three months or more. Risk
factors for overweight and adiposity at 6 years of age included:
overweight of the mother, maternal smoking during pregnancy,
bottle-feeding, and low social status. A protective effect was also
found in a retrospective survey of 8186 girls and 7175 boys aged 9 to
14 years20. Children whose mothers reported breastfeeding more than
bottle-feeding and who were breastfed for longer periods, had a lower
risk of being overweight during older childhood and adolescence than
those who were bottle-fed or breastfed for shorter periods. A case-
control study conducted in 533 adolescents in Canada aged 12 to 18
years included a feeding history obtained through telephone
interviews of mothers as well as measurements of height, weight and
skinfolds of the adolescents 21. The results were suggestive of a
protective effect of breastfeeding that increased with longer duration.
A prospective cohort study of 462 infants observed from birth to 12
months indicated that the ability to predict which babies would
become heavy or obese during the first year was limited, although
breastfeeding and delayed introduction of solid food provided some
protective benefit 22. A large study was conducted in Bavaria, Germany
among children aged 5 to 6 years23. Parents were asked to complete a
questionnaire, and the information was linked to the results of an
obligatory health examination of the children prior to entering school.
Parents were asked whether the child was ever breastfed and the
duration of exclusive breastfeeding. Results showed that
breastfeeding, higher parental education and low birth weight were
protective factors. The longer breastfeeding was continued, the more
protection it afforded. Unfortunately, the data were not adjusted for
the confounding factor, maternal weight. 

���� ����	�- �!����"������ ,������������
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Not all studies have yielded positive results. In a large cross-

sectional British study, data on duration of breastfeeding, body mass
index, and confounding factors of 2631 children aged 4-18 years were
analyzed24. Mean body mass index and obesity were consistently
lower in those breastfed for 2-3 months, though not significantly. In a
large, cross-sectional U.S. study, data on infant feeding and child
overweight status were analyzed from the National Health and
Nutrition Examination Survey (NHANES III) 25. Subjects were 2685
children between the ages of 3 and 5 years, with birth certificates,

height and weight measures, and information on
infant feeding. After adjusting for potential
confounders, results indicated that there was no
reduced risk of being overweight and there was no
clear dose-dependent effect of the duration of full
breastfeeding on being overweight. The strongest
predictor of child overweight status in this study was
the motherÕs weight. An overweight mother nearly
tripled and an obese mother more than quadrupled
the rate of children being overweight. 
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Clifford 26 summarized the problems inherent in

the literature on the role of breastfeeding in obesity
prevention. Conducting a robust study, such as a
randomized clinical trial showing that obesity
prevention is a long-term benefit of breastfeeding
would be unethical. As a result, the observational study
designs are weaker and control of confounding factors
is more difficult. Other problems include the lack of

standardization when defining breastfeeding and confounding
factors, as well as the disparate end points for obesity measurement.
Many studies are plagued with small sample sizes, making it more
difficult to generalize the results 27. Larger studies face the issues of
type 2 errors and retrospective assessments. These factors make it
difficult to compare study results and to resolve the question of
breastfeedingÕs protective effect.  


���2�� ��
Clearly, breastfeeding is the safest, most economical, and most

convenient way to feed infants. Human milk is a source of optimal
nutrition, with easily digestible and highly available nutrients 28. In
addition, human milk provides immunological benefits that promote
infant health. The protective effect of breastfeeding on the
development of later obesity remains unclear. While breastfeeding is
strongly recommended, it may not be as effective as changing familial
and environmental factors associated with obesity such as dietary
habits and physical activity 25.
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The latest volume of the DRIs1 includes a different approach to
energy expenditure and presents new findings on the macronutrients.
The report:

¥ establishes Estimated Energy Requirements at four levels of
energy expenditure;

¥ recommends levels of physical activity to decrease chronic
disease;

¥ establishes an RDA for dietary carbohydrate;
¥ includes new definitions for Dietary Fiber, Functional Fiber, and

Total Fiber;
¥ sets Adequate Intakes (AIs) for Total Fiber;
¥ sets AIs for linoleic and �-linolenic acids; and
¥ establishes Acceptable Macronutrient Distribution Ranges

(AMDR) as a percent of energy intake for fat, carbohydrate,
protein, and linoleic and �-linolenic acids.
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Carbohydrates, fats, protein and alcohol in the diet supply

energy. The Estimated Energy Requirement (EER) for infants and
children is defined as the average dietary energy intake predicted to
maintain energy balance and includes the needs associated with
growth. For children aged 3 years and up and for adults, a value for
physical activity was added. 

Infants were assigned Adequate Intakes (AIs) for carbohydrate.
For children aged 1 Ð 3 years and for adults, the carbohydrate
Estimated Average Requirement (EAR) was based on the average
amount of glucose utilized by the brain. While an Adequate Intake (AI)
level for fat was set for infants, neither an AI nor an EAR (and therefore
a Recommended Dietary Allowance-RDA) was set for children or
adults. In adults, the percentage of energy that is consumed as fat can

vary greatly while still meeting energy needs, making it inappropriate
to set a specific recommended level. No AI, EAR, or RDA was set for
saturated fatty acids, monounsaturated fatty acids, or cholesterol. The
committeeÕs rationale for this action was based on the bodyÕs ability to
synthesize these nutrients. AIs were set for linoleic acid and �-
linolenic acid. The former is an essential fatty acid and the latter
functions as a structural membrane lipid and modulates the
metabolism of n-6 polyunsaturated fatty acids thus influencing the
balance of n-6 and n-3 fatty acid-derived eicosanoids. 

An AI was set for protein for infants aged 0-6 months. RDAs were
set for older age groups; in fact, new data reaffirmed previously
established recommendations. AlcoholÕs role in chronic diseases will
be addressed in a future volume of the DRIs.

��-�� #������*��)�3����#��
For the first time, the Food and Nutrition Board (FNB) is

recommending intake levels for fiber. In addition, new classification
terms for fiber are introduced. Dietary Fiber refers to the
nondigestible carbohydrates and lignin that are intrinsic and intact in
plants. Examples of dietary fiber include nonstarch polysaccharides
occurring naturally in foods such as cellulose, pectin, gums, and fibers
in oat and wheat bran. In addition, plant carbohydrates not recovered
by alcohol precipitation such as inulin, oligosaccharides and fructans
are also included in the dietary fiber definition. Functional Fiber
consists of isolated, nondigestible carbohydrates that have been
shown to have beneficial effects in humans. They are extracted from
natural sources or are synthetic and are added to foods. Psyllium is an
example of a functional fiber. Pectin, gums, lignin and cellulose are
examples of fibers that can also be classified as functional fiber if they
are added to foods and have been shown to have a beneficial effect.
Total Fiber is the sum of dietary and functional fiber. 

Not all organizations have embraced these definitions. The
Dietary Fiber Technical Committee of the American Association of
Cereal Chemists (AACC) prepared a report outlining its objections 2.
The AACC stated that the definitions of dietary fiber and functional
fiber have no scientific basis. Unlike the separation of dietary fiber
into soluble and insoluble categories based on their chemical and
physiological behavior, the FNB definitions of intrinsic and intact are
not measurable quantities. In addition, the AACC pointed out that
there is no scientific evidence of any difference in nutrition
functionality of dietary fiber, whether intrinsic to the food or added as
an ingredient. The AACC also charged that using the FNB definitions
would result in scientific and consumer confusion.

�''���� * ������������* ���
The FNB committee believed there were insufficient data to set

an Upper Limit (UL) for total fat, monounsaturated fatty acids, n-6
and n-3 polyunsaturated fatty acids, protein, amino acids, total sugars
or added sugars. ULs were not set for saturated fatty acids, trans fatty
acids, or cholesterol because the level at which risk begins to increase
is very low and therefore cannot be achieved by usual diets without
compromising intake of other required nutrients. For these nutrients,
the consumption was recommended to be as low as possible. 

����'��#2��)�������� ����� ��� #�� ������!������ ���
Acceptable Macronutrient Distribution Ranges (AMDR) are

defined as Òranges of intakes for a particular energy source associated
with reduced risk of chronic disease while providing adequate intake
of essential nutrients.Ó1 AMDRs were set for fat, carbohydrate, linoleic
and �-linolenic acid. The protein AMDR was set to complement the
ranges for fat and carbohydrate. As illustrated in the table, each AMDR
has a lower and upper limit. If an individual consumes below or above
these limits, the potential exists for an increased risk of chronic disease.
A maximal intake level for added sugars, that is, sugars incorporated
into foods and beverages during processing, was suggested. 
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& . Food and Nutrition Board, Institute of Medicine, 2002.
http://www.nap.edu/books/0309085373/html/index.html
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Nutrient 0–6 7–12 1–3
Months Months Years

"���� ��8!=��$9
AI 9.1 – –
EAR – 1.1 0.88
RDA – 13.5 13

����2�����8!=��$9
AI 31 30 Not Set

��������������8!=��$9 Not Set Not Set Not Set

����������$��� ���8!=��$9 Not Set Not Set Not Set

)�������������������$��� ���
8!=��$9 Not Set Not Set Not Set

"�2$����������������$��� ���
8!=��$9 Not Set Not Set Not Set

��� ��2�� ���� ��8!=��$9
AI 0.5 0.5 0.7

� ��2� ���� ��8!=��$9
AI 4.4 4.6 7


	�2������2�8*!=��$9 Not Set Not Set Not Set


��#�	$������8!=��$9
AI 60 95 –
EAR – – 100
RDA – – 130

� ����$�� #���8!=��$9
AI Not Set Not Set 19
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Life-stage Equations for Estimated Energy Requirements
Group (EER)
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0-3 mo (89 x weight of  infant [kg] – 100) 

+ 175 (kcal for Energy Deposition)
4-6 mo (89 x weight of  infant [kg] – 100) 

+ 56 (kcal for Energy Deposition)
7-12 mo (89 x weight of  infant [kg] – 100) 

+ 22 (kcal for Energy Deposition)
13-35 mo (89 x weight of  child [kg] – 100) 

+ 20 (kcal for Energy Deposition)

)�2��
3-8 y 88.5 – 61.9 x Age [y] + PA x (26.7 x Weight [kg] + 

903 x Height [m]) + 20 (kcal for Energy Deposition)
PAa = 1.00 if sedentary; 1.13 if Low Active; 
1.26 if Active; 1.42 if Very Active

��*�2��
3-8 y 135.3 – 30.8 x Age [y] + PA x (10.0 x Weight [kg] +

934 x Height [m] + 20 (kcal for Energy Deposition)
PA = 1.00 if Sedentary; 1.16 if Low Active; 
1.31 if Active; 1.56 if Very Active

aPA = Physical Activity Coefficient
Source:  ���
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& . Food and Nutrition Board, Institute of Medicine, 2002.
http://www.nap.edu/books/0309085373/html/index.html
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Age Males Females

1 month 472 438

3 months 572 521

6 months 645 593

9 months 746 678

12 months 844 768

2 years 1050 997

3 years
Sedentary 1162 1080
Low Active 1324 1243
Active 1485 1395
Very Active 1683 1649

Source: Tables 5-16, 1-17, 5-20, 5-21 in: ���
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&' Food and Nutrition Board, Institute of
Medicine, 2002. http://www.nap.edu/books/0309085373/html/index.html
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Breastfeeding is:
✻ Safe

✻ Economical

✻ Convenient

✻ Perfectly suited to the
needs of babies

Breast milk contains:
✻ Just the right amount of

nutrients for a baby’s growth
and development

✻ Easily digested protein

✻ Fatty acids that greatly
contribute to brain
development

✻ Minerals, including iron that is
well-absorbed

✻ Vitamins

✻ Antibodies to help protect 
babies from disease

✻ A protective agent that 
permits the formation of 
intestinal flora,
helping babies resist 
infection

Breastfeeding may:
✻ Help the psychological

development of babies

✻ Introduce babies to flavors of foods
in their cultures and increase
acceptance of new foods

✻ Reduce the risk of obesity

Breastfeeding Resources:
Breastfeeding Committee for Canada, Breastfeeding Resources.
http://www.breastfeedingcanada.ca/webdoc44.html

LaLeche League Canada
http://www.lalecheleaguecanada.ca/

The National Women’s Health Information Center. A project of the U.S.
Department of Health and Human Services, Office on Women’s Health.
http://www.4woman.gov/breastfeeding/
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