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PEDIATRIC REVIEW

Parental influence on children’s early eating
environments and obesity risk: implications for
prevention

SL Anzman, BY Rollins and LL Birch

The Center for Childhood Obesity Research, The Pennsylvania State University, University Park, PA, USA

Most childhood obesity prevention efforts have focused on school-age children and adolescents and have had limited success.
We argue that the first years of life, including the prenatal period, the postnatal suckling period and the transition to the
modified adult diet, may provide opportunities for preventive interventions. These early periods are characterized by high
plasticity and rapid transitions, and parents have a high degree of control over children’s environments and experiences.
Observational and experimental evidence reveal persistent effects of early environments on eating behavior and obesity risk,
suggesting that interventions should be tested during these early periods. The central task parents have in early development
points to their potential as key targets and agents of change in early preventive interventions. In this paper, we review evidence
of early environmental effects on children’s eating and obesity risk, highlighting ways that parental feeding practices and
parents’ own behaviors impact these outcomes and calling for further experimental research to elucidate whether these factors

are indeed promising targets for childhood obesity preventive interventions.
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Introduction

In a recent review in this journal, Gluckman and Hanson'
described how obesogenic environments affect epigenetic
processes in early development, producing individual differ-
ences in obesity risk. In early development, plasticity is high
and genetic potential can be adjusted to result in differing
phenotypes, depending on environmental features.! Despite
evidence that early environments may have powerful and
persistent long-term effects on obesity risk, there have been
few attempts to begin obesity prevention early in develop-
ment. Most prevention efforts have focused on older
children and adolescents and have been met with limited
success.? In this paper, we focus on evidence for the impact
of early environments on the development of ingestive
behavior and obesity risk in the first few years of life.
Genetic contributions to individual differences in obesity
risk are well documented,>* but given our focus on
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identifying opportunities for early prevention, we focus on
potentially modifiable aspects of early environments that
may moderate obesity risk. Because human evidence is
limited and largely derived from observational studies, we
include relevant experimental data from animal research on
other mammalian species. Our focus is on the first years of
life, a period characterized by high plasticity, dramatic
transitions in ingestive behavior and the potential for early
experience to have persistent effects on subsequent obesity
risk. In addition, parents have a relatively high degree of
control over children’s eating environments during this early
period. This period of development includes the prenatal
period, infancy and the transition to ‘table foods,” which is
relatively complete by the time children begin formal
schooling.

Parental influence on eating and weight status
in early life

The primary function of parenting is to meet the child’s basic
needs, including sustenance. Early in development, children
are dependent on parents to provide food needed to sustain
growth and health. In addition to providing genetic
potential, parents shape the early environments in which
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children’s genetic potential is expressed. Initially, in utero,
the mother is the proximal environment, with an array of
maternal factors affecting fetal and infant development. At
birth, parents begin making decisions about breast-feeding
or formula feeding, and later, about introducing solid and
table foods. Although we use the term ‘parents’ throughout,
we acknowledge that other caregivers also have critical tasks
in shaping early eating environments; we use the term
parents to refer to caregivers who are regularly responsible
for the child’s well-being in early life. Parental influence
persists into middle childhood and adolescence, but as
children develop, their ecologies widen to include additional
extra-familial contexts and influences. The extended period
of parental nurturance and offspring dependence is uniquely
human, and parents’ attitudes and behaviors are influenced
by many other uniquely human factors, including culture,
cuisine, economics, ethnicity and education.

Parents’ own food preferences, intake patterns and eating
behaviors influence the foods available to young children,
and parents also serve as models for children’s behavior,
affecting early learning of food preferences and eating
behaviors.> Parents shape the flavors that become familiar
to children before birth and the foods available postnatally,
and repeated exposure to flavors during the prenatal and
postnatal periods affects children’s subsequent acceptance of
foods and flavors.®® Humans do not have to learn to like
sweet and salty tastes; thus, children will like and readily
consume foods and beverages high in sugar and salt, which
are often high in energy density. However, children’s diets
should be high in nutrient density but of moderate energy
density, including a variety of foods that are not high in
sugar or energy, such as vegetables. In the current environ-
ment, the availability of inexpensive palatable foods high in
sugar, salt and fat can limit children’s opportunities to learn
to like and accept healthy foods, resulting in diets high in
added sugar, fat and salt, and low in fruits and vegetables,
complex carbohydrates and low-fat meat and dairy
products,’ dietary patterns that are linked to obesity risk.
Vegetables are initially rejected by young children; early
experience with these foods could potentially offset such
neophobia and encourage childhood diets that are healthier
and lower in energy density. Parents’ feeding practices shape
children’s early experience with food; these practices are
influenced by the broader environment and by parental
perceptions of environmental threats to children’s health.'”
Many traditional child-feeding practices used today evolved
in response to environmental threats of food scarcity, which
prevailed until recently. In these environments, food avail-
ability was unpredictable, and diets were plant-based, lower
in palatability and energy density.'"!?

Despite growing awareness that childhood obesity has
become a major health threat, and that children’s current
environments are often characterized by food surfeit not
scarcity, traditional feeding practices and the perception that
‘a chubby baby is a healthy baby’ persist, particularly among
low-income and ethnic groups at highest risk for obesity.!*
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These traditional practices include feeding frequently in
response to any sign of child distress, offering preferred foods
and using coercion to promote children’s intake. Currently,
these practices can exacerbate the effects of obesogenic
environments, promoting eating in the absence of hunger,
excessive energy intake, rapid weight gain and obesity.>'*
Traditions, by definition, are slow to change, and altering
them will be a major challenge.

In countries where adult obesity rates are high and
children may live with one or two overweight parents,'s
children may be at increased risk due to genetics, environ-
mental factors and gene-by-environment interactions and
correlations. There is evidence that obese adults create
‘obesogenic’ family environments, which can exacerbate
the impact of the larger obesogenic environment.'¢ Devel-
opmental systems theories highlight periods of instability or
transition as opportune times to promote change;!” the
prenatal period, the postnatal suckling period and the
postnatal transition to the adult diet show promise for early
prevention.

Prenatal period

The availability of nutrients and flavors in the uterine
environment affect fetal growth and flavor experience and
begin to lay the foundation for individual differences later
in development. Both prenatal environments of maternal
undernutrition and maternal overnutrition are linked with
later obesity risk and increase future susceptibility to obesity
in animal models through alterations in neural, metabolic
and behavioral processes.'®!” Levin and colleagues®® have
shown that pre- and postnatal dietary manipulations trigger
reorganization of neural pathways related to energy balance
in rat pups. In addition, maternal dietary intake during
pregnancy influences flavor experience of the fetus in utero,
which affects acceptance of foods later in development.”® In
the following section, we present evidence that the prenatal
environment shapes neural, metabolic and behavioral
systems to affect obesity risk.

Gluckman and colleagues'*! have described pathways
from prenatal undernutrition to subsequent obesity as one
example of predictive adaptive responses gone awry: the
presence of an undernourished prenatal environment
triggers physiological adaptations that prepare the fetus to
store energy and survive in postnatal environments of food
scarcity. These adaptations become problematic when the
individual’s postnatal environment is characterized by
plenty, rather than scarcity. Numerous epidemiological and
observational studies in humans have revealed associations
between prenatal undernutrition and subsequent child
health outcomes?? in cases where environments experienced
later in development are not characterized by food scarcity.
In their early studies, Barker and colleagues®*> reported
that lower birth weights were associated with increased
likelihood of cardiovascular disease and higher systolic blood
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pressure in adulthood; more recently, they found that those
with lower birth weights were more likely to store fat
centrally, a factor that has been associated with type 2
diabetes and cardiovascular disease. In these studies, low
birth weight is considered a marker for fetal undernutrition
and restricted fetal growth.>*?¢2° Observational studies
reveal that individuals born under conditions where their
parents did not have adequate access to food, such as
famine®*?! or poverty,*> were more likely to be obese
as adults.

Although most of the data on the impact of early nutrition
on human growth and subsequent obesity risk have focused
on fetal undernutrition, maternal and fetal overnutrition is
an increasingly common problem; chronic positive energy
balance affects the majority of the population. Experimental
studies in humans are rare, but observational studies in
humans have shown that gestational diabetes or excessive
gestational weight gain is associated with fetal overnutrition
and elevated birth weight, which predict later offspring
obesity; elevated maternal pre-pregnancy weight status is
also positively associated with higher birth weight and later
obesity risk.>*7 Cole and colleagues®® describe two ways to
end up with an overweight phenotype: by starting out large
or by growing fast. Links between fetal overnutrition and
obesity risk take on particular significance in countries where
obesity is prevalent among adult women of childbearing age,
as in the United States, where two-thirds of adults are
overweight or obese,® and gestational weight gain guide-
lines are frequently exceeded.*® In a study linking greater
gestational weight gain to higher body mass index z-scores,
greater adiposity and higher blood pressure at age 3, Oken
et al.** highlighted this problem. Although previous guide-
lines for weight gain during pregnancy focused on reducing
the risk of low birth weight, the Institute of Medicine has
recently revised gestational weight gain guidelines, acknowl-
edging childhood obesity risk as a potential adverse health
outcome of excessive gestational weight gain.*® The revi-
sions include a modification of the recommended weight
gains by maternal pre-pregnancy weight status and the
inclusion of an obese category, for which the least weight
gain is recommended.

Experimental research with animal models provides
greater insight into the mechanisms linking maternal over-
nutrition during gestation to offspring obesity and comor-
bidities.**™** The offspring of pregnant dams fed excess
calories gained more weight and had more body fat when fed
a postnatal high-fat diet, compared to rats fed the same
postnatal diet without the experience of excess calories
during gestation.*® Interactive effects of prenatal and
postnatal overnutrition were revealed when rats were
exposed to a ‘junk food diet’ either prenatally, postnatally,
both or never. Rats with prenatal-only exposure were
fatter than those without any exposure, but rats that were
exposed to junk food throughout the study had the riskiest
outcomes, including the highest levels of adiposity and
hyperinsulinemia.*® In a similar 2 x 2 experimental design,
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offspring of dams fed high-fat chow during pregnancy had
higher adult body weights and blood pressure than offspring
who experienced a standard maternal diet in utero, but rats
experiencing effects of high-fat diets in utero and during
suckling showed the greatest body mass and highest blood
pressure, as well as hyperinsulinism and hyperleptinemia as
adults. The epigenetic processes that begin with maternal
obesity have a greater impact on those who are already
genetically susceptible to obesity.*”"*® When rats predisposed
(DIO) and resistant (DR) to diet-induced obesity were
exposed to maternal obesity during gestation, the DIO
offspring were fatter postnatally.*®

The maternal diet during pregnancy can also influence
offspring eating behaviors and weight through effects on the
development of food and flavor preferences in humans. The
infant brings a set of predispositions to early feeding
interactions that evolved in response to a limited and
unpredictable food environment:® a preference for sweet
and salty tastes (tastes that could predict the presence of
nutrients), a tendency to reject bitter and sour tastes (which
could be toxic), a neophobic rejection of novel foods and
flavors (which might be dangerous) and a predisposition to
learn to prefer energy dense foods (which would be adaptive
in contexts where food is scarce). The food industry has
provided a wide range of inexpensive foods that are palatable
because they are attuned to these predispositions. Current
contexts, in combination with children’s predispositions and
traditional feeding practices, promote diets too high in
added sugar, fat and salt, and total energy, while discoura-
ging the consumption of complex carbohydrates, fruits and
vegetables.*’

Because flavor preferences are learned, children can learn
to like healthy foods if given the opportunity. Research by
Mennella et al.” has revealed that the fetus experiences
flavors from the maternal diet as amniotic fluid is swallowed
in utero. This experience influences infants’ food and flavor
preferences. Mothers who drank carrot juice during preg-
nancy had infants who showed greater acceptance of carrot-
flavored cereal at weaning compared to infants without this
familiarization.” Whether the fetus first becomes familiar
with the flavors of French fries or carrots will depend on the
mother’s dietary choices during pregnancy. Early sensory
experience during gestation and lactation can provide
a ‘flavor bridge’,® facilitating the acceptance of foods
consumed by the mother and promoting the transition to
table foods.

Postnatal suckling period

Associations between prenatal undernutrition and adult
obesity and health have been interpreted as evidence that
prenatal influence is deterministic, but more recently,
researchers have acknowledged that postnatal environments
can modify prenatal effects. Waterland®® described epi-
genetic processes that continue after birth in mice, especially



during periods of transition. Levin*® reported that individual
differences in intake and weight patterns persist after the
second week of life if, during subsequent development, rats
remain in stable dietary environments. Many humans who
are at genetic risk for obesity are also born into obesogenic
family environments and remain in these environments,
masking the plasticity in their trajectories toward obesity.
Although individuals tend to stay in broadly stable environ-
ments, it is important to consider that in the case of human
development, there is potential for environmental change
and variability, and that individuals experience rapid and
drastic transitions in their experiences with food, particularly
during the first years of life.

Lucas et al.>' argued that early postnatal experience is
central to the prediction of developmental trajectories,
asserting that it is not the prenatal environment that is
directly responsible for obesity and its comorbidities later in
life, but rather what happens between birth and the
emergence of the adult phenotype: in particular, early
postnatal growth. Rapid growth during the first few months
of life is a robust predictor of elevated obesity risk later in
life,>2>->° and this association is also observed among infants
with normal birth weights, in whom rapid growth does not
reflect ‘catch-up’ growth. This relationship persists across
studies: those in developed and developing countries, using
various time points and indices of growth,*® and adjusting
for other factors linked to the prenatal environment, such as
smoking and gestational weight gain.*®

One factor that has been linked to early growth is the first
decision parents make about feeding their infant: whether to
breastfeed or formula feed. During the early months after
birth, the growth rate of breastfed infants slows relative to
formula-fed infants, and their trajectories tend to track at
lower levels during later infancy. These differences are
evident when comparing the recently released WHO growth
charts, based on the growth of healthy breastfed infants, and
the CDC growth charts, which are based predominately on
formula-fed infants.5” Growth of obese mothers’ infants can
be affected because obese mothers have more problems
breastfeeding. This is in part due to a diminished prolactin
response to infant suckling,>® which leads to delayed onset
of lactation and breastfeeding failure.>® In the United States,
mothers from lower socioeconomic, minority or underserved
groups are also less likely to initiate breastfeeding and
are more likely to formula feed their infants,®® perhaps
contributing to the elevated obesity risk in their children.

Meta-analyses®!'®> and epidemiological data®%* provide
evidence that breastfeeding may be protective against
obesity in childhood and beyond.®** Breastfeeding also
has positive physiological effects on brain development,
glucose metabolism and gut and immune functioning, all
of which may affect obesity risk. Potential mechanisms
explaining these associations include physiological and
metabolic effects of breastfeeding, effects on growth rate,
facilitated learning of self-regulation in breastfed infants
and confounding by sociodemographic correlates of both
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breastfeeding and healthy weight outcomes.®"”® Using
nationally representative US data, Grummer-Strawn and
Mei®® showed a dose-response, protective association
between breastfeeding duration and overweight risk at age
4 in non-Hispanic White children but not among other
groups. In two systematic reviews, Owen and colleagues®>©®
found an overall small protective effect of breastfeeding,
acknowledging the potential role of confounding in
observational studies, given the larger effects found in
smaller studies and the attenuation of effects when adjusting
for demographic factors. Overall, the protective effects
of breastfeeding reported from observational studies are
reduced after adjustments for a myriad of confounding
factors such as maternal weight status, race/ethnicity and
socioeconomic status.®

Two experimental studies have assessed the impact of
breastfeeding on growth and obesity risk in humans,
although this was not the primary focus of either study.
Lucas and colleagues used an experimental design to assess
the effects of early postnatal diets on premature infants’
growth and development by randomizing infants to receive
banked breast milk, fortified preterm formula or standard
formula. Breast milk consumption was associated with
decreased blood pressure in adolescence,”’ and preterm
formula was associated with higher intelligence quotients’?
and with more rapid neonatal growth, but among these
preterm infants, early postnatal diet was not associated with
differences in growth measures at either 9 or 18 months or
7.5-8 years.”® In a second study using an experimental
design, Kramer et al.”* conducted a large cluster-randomized
intervention trial. Hospitals in Belarus (N=34) were ran-
domly assigned to continue their standard care or to adopt
the procedures of the Baby Friendly Hospital Initiative to
promote longer duration and exclusivity of breastfeeding.
In addition to breastfeeding outcomes, measures of infant
health and growth were obtained. Although the experimen-
tal and control groups differed in breastfeeding duration and
exclusivity, there were no differences in weight status at
6.5 years between groups.”® However, it is important to note
that treatment and control groups both included partici-
pants who were breast-feeding and formula feeding. In
addition, the findings from these studies are limited in the
first case to premature infants”'~ and in the second to
individuals living in Belarus.”*”®> Kramer et al.”> acknowl-
edged that the prevalence of obesity in Belarus is lower than
in the United States and much of western Europe, limiting
the generalizability of the findings and suggesting that in
Belarus, maternal diets may be healthier, breast milk
composition may be different and children’s subsequent
environments may be less obesogenic. However, these
findings suggest that confounding factors may be partially
responsible for breastfeeding’s protective effect.

Although the effects of breastfeeding on obesity risk can
be disputed, breastfeeding has other benefits that can
promote healthier diets, perhaps reducing obesity risk.
Experimental research with humans indicates that healthy
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food preferences can be learned during the suckling period,
consistent with classic animal studies showing flavor
transmission during weaning and its effects on rat pups’
flavor preferences.”® Infants whose mothers had regularly
consumed carrot juice during lactation had fewer negative
reactions to carrot-flavored cereal 4 weeks after the introduc-
tion of solids, compared to infants who had no previous
experience with carrot flavors.” In addition, in a study of
4- to 6-month-old infants, repeated exposure to pureed
vegetables led to increased intake of those vegetables, and
these effects were greater among breastfed than among
formula-fed infants”” indicating that feeding mode moder-
ated the effects of exposure and also providing support for
the interaction of early and later environmental effects.
Forestell and Mennella’® assert that the initial advantages
conferred by breastfeeding must be followed by continued
repeated exposure to fruits and vegetables after solids are
introduced. Overall, human and animal research shows
plasticity during the postnatal suckling period, and the
human research highlights potential advantages of breast-
feeding when mothers eat a healthy and varied diet.

Transition to a modified adult diet

The plasticity that characterizes early human development
persists throughout the transition to a modified adult diet, a
period characterized by dramatic, rapid changes in the foods
offered to children as ‘table foods’ are introduced. During
this period, extensive learning about food and eating occurs;
food preferences are learned by familiarization and associa-
tive conditioning and by observing the eating behavior of
others. As young omnivores, children are prepared to learn
food and flavor preferences, and the transition from the
exclusive milk diet to ‘table foods’ proceeds rapidly, begin-
ning during the second half of the first year of life. Data from
the United States reveal that by 18 months of age, about
80% of children’s energy intake comes from ‘table foods’.”’
A key question is: What foods are these young children
consuming? The family’s cultural, ethnic and socioeconomic
characteristics will influence what foods are on the family
table, influencing children’s early food preferences and
intake patterns. Unfortunately, the current adult diet that
most children transition to is obesogenic.®’ Parents’ feeding
strategies are used to influence what and how much children
eat and can moderate broader obesogenic influences during
this key transition period.®

In general, we learn to prefer what becomes familiar,®' and
parents have a critical task in facilitating repeated experi-
ences with new foods. Such experiences influence children’s
preferences for foods and flavors during the transition to the
adult diet, when many new foods are introduced in
the home environment.®*®® Research reveals that infants
who were repeatedly exposed to a variety of solid foods
during infancy showed greater acceptance of fruits and
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vegetables in childhood,®* and experience with some fruits
and vegetables during infancy resulted in acceptance of
similar foods in early life.®>®¢ Unfortunately many parents
are unaware that repeated exposure is necessary to promote
liking and do not persist in presenting new foods if they are
initially rejected.

Observational learning also affects children’s intake;
observing others consuming healthy foods can promote
children’s acceptance of these foods. Because children
usually eat in social contexts, there are many opportunities
for parents, peers and siblings to model healthy (or
unhealthy) eating behaviors. Mothers who drank more milk
had daughters who drank more milk, were more likely to
meet dietary recommendations for dairy-related nutrients
and had higher bone density.?” Adult models can be also
effective at increasing children’s willingness to try novel
foods,®89 especially when the models eat enthusiastically®!
and when both the models and the children are eating the
same foods.®®

Traditional feeding practices are often used to promote
children’s intake of healthy foods or to limit consumption of
unhealthy foods, but these tactics can be counterproductive.
However, when children were pressured or coerced to eat (for
example, ‘Finish your soup’) or were given rewards for eating
a food (for example, ‘If you finish your peas, then you can
watch TV’), preference and intake of the healthy foods
decreased.’*°? Corroborating these experimental findings,
in a retrospective study, young adults reported that the foods
they disliked as adults were those they had been coerced to
eat as young children.”® To limit consumption of ‘junk’
foods, parents may restrict these foods believing that this
will decrease children’s consumption. Again, these tactics
may be counterproductive; restricting access to a food tends
to promote children’s interest in and consumption of that
food when it is subsequently available.”*® Attempts at
controlling children’s intake, which can include prompts to
eat in the absence of hunger (for example, ‘It’s time to eat’)
or to eat beyond satiety (for example, ‘Finish your peas’) can
also increase children’s responsiveness to external, contex-
tual cues, which they can learn to use to control intake
rather than internal cues signaling hunger and fullness.
There is limited experimental evidence that these practices
may contribute to children’s diminished abilities to self-
regulate their energy intake,”>*”°® by increasing responsive-
ness to palatable food and to portion size as a determinant of
meal size.

During early childhood, children are also learning how
much to eat, and parents can determine the portions and
energy density of the foods served to children. Experimental
evidence shows that children eat more when they are
served larger portions, and portion size effects on energy
intake have been observed among children as young as
2 years.””1°° More recently, it has been shown that the
effects of larger portions extend beyond single meals,
promoting increased energy intake over a 2-day period.'®!
Recent work from our laboratory revealed that portion size



effects are moderated by child weight status: overweight
children showed greater increases in intake with increasing
portion size.'%?

Under some conditions, infants and young children are
sensitive to the energy density of foods in the diet and can
increase their consumption when the energy density of the
diet is reduced.!®*1%* These findings are consistent with
experimental animal model research showing adjustments
in energy intake in response to changes in energy density.'®
Although children may respond by consuming more when
the energy density of foods in the diet is reduced, they may
not adjust their intake in response to increases in energy
density, consistent with findings that adults tend to be more
responsive to energy deficits than to energy surfeit.'%¢
Children consumed more calories when served higher
energy density meals,'®”'%° and recent research reveals that
effects of higher energy density on energy intake persist
across meals and have a cumulative impact on energy intake,
producing significant increases in total energy intake over a
2-day period.'”” Chronic consumption of diets high in
energy density is positively associated with childhood
obesity and predictive of later adiposity in both industria-
lized and developing countries.''®!'® The combined effects
of portion size and energy density can promote excessive
energy intake by children, resulting in a significant accu-
mulation of excess calories over multiple meals.!'”-''®

The broader obesogenic environment becomes more
influential during the transition to the adult diet, but
parents can still retain relatively high levels of control over
their children’s environments and thus have the potential to
moderate obesogenic influences during this period of rapid
transitions and learning. Research shows that children learn
to like and eat what others in their environment eat and
offer to them. Although creating possibilities for the
promotion of healthy eating, observing the eating of others
can also contribute to unhealthy phenotypes in young
children if others are making unhealthy choices. For
example, French fries are the most frequently consumed
vegetable among adults''® and also among 15-month olds.*°

Implications for childhood obesity prevention

Observational studies support the hypothesis that these early
periods of rapid transition and development show promise
as targets for childhood obesity prevention research. Re-
search using experimental and quasi-experimental designs
is needed to provide additional evidence regarding the
efficacy of early interventions to prevent obesity. Additional
experimental evidence is needed in some of these areas, as
well as pilot tests of interventions focusing on these factors
and interactions with genetic factors. Below, we list some
potential targets of future research toward the development
of preventive interventions, based on an integration of
the evidence for early environmental and epigenetic effects
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on eating and weight status in the prenatal period, the
postnatal suckling period and the transition to the modified
adult diet. Research is also needed to provide evidence on
how to effect change in traditional feeding practices that
may exacerbate children’s obesity risk in today’s environ-
ment, particularly among low-income and minority groups
at highest risk:

e Target parents and other caregivers, especially those who
are overweight

Promote healthy maternal weight before pregnancy
Prevent excessive gestational weight gain

Promote healthy and varied diets during pregnancy
Provide guidance on early feeding practices:

o Promote exclusive, long duration of breastfeeding

o Help parents learn to discriminate hunger from other
signs of distress

o Teach parents alternative soothing strategies besides
feeding

o Teach parents feeding approaches to promote longer
sleep duration in infancy

o Provide guidance on the introduction to solids

o Provide guidance about alternative, child-centered
feeding practices, avoiding traditional, controlling
feeding practices

e Provide information on appropriate portion sizes

e Provide information on what ‘table’ foods to introduce
and strategies to promote acceptance (for example,
repeated exposure, modeling)

e Continue these efforts throughout early development
(that is, prenatal period, infancy, early childhood) to
maximize potential effects during multiple periods of
developmental instability and transition

The probabilistic nature of development suggests that
these efforts are useful even when prenatal conditions were
less than ideal. Animal model research corroborates this idea,
including evidence that it is possible to offset effects of
prenatal environments by certain postnatal experiences,
through the provision of leptin'?® or exercise,'?! and by
handling pups during the postnatal period.'?* Further
exploration of these areas will provide an evidence base for
early preventive interventions that could set the stage for
healthy trajectories (although it is also important to note
that early prevention efforts will not ‘inoculate’ children
against the effects of broader obesogenic environments).
Parents and caregivers have the opportunity to be agents of
change throughout this ongoing process because they have
the ability and the responsibility for shaping infants and
children’s early food environments at a point in develop-
ment when these environments are likely to impact
children’s food preferences and eating behaviors. It is likely
that effects would be most robust in contexts where the
epidemic is worst (for example, in low-income families'?),
highlighting a need for additional research in these contexts
to facilitate appropriate tailoring of interventions.
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Conclusion: a developmental approach to obesity
prevention and maintaining healthy trajectories

Although research has shown effects of perinatal and early
childhood environments on child eating and weight, most
childhood obesity prevention efforts have focused on
periods of the life span that follow these early, highly plastic
developmental periods, after children’s initial growth trajec-
tories and eating habits have already been established.? In
early life, children’s ecologies are narrow, providing oppor-
tunities to establish healthy trajectories and habits before
children’s worlds become more complex. In addition,
developmental systems theories argue that periods of
transition and instability, such as those in early life, offer
opportunities for systemic reorganization, intervention and
change.'” Although outside the scope of this paper, healthy
practices in other contexts such as schools and efforts to alter
the broader obesogenic environment are additional urgent
goals. In the meantime, the efforts described herein could
potentially have robust effects on early physiology, metabo-
lism, growth and eating behaviors, increasing the probability
of adaptive ontogeny into childhood and beyond.

Conflict of interest

The authors declare no conflict of interest.

References

1 Gluckman P, Hanson M. Developmental and epigenetic path-
ways to obesity: an evolutionary-developmental perspective. Int
J Obes 2008; 32: S62-S71.

2 Summerbell CD, Walters E, Edmunds L, Kelly SAM, Brown T,
Campbell KJ. Interventions for preventing obesity in children.
Cochrane Database Syst Rev 2005; 3: Art No CD001871.

3 Stunkard AJ. An adoption study of human obesity. New Engl |
Med 1986; 314: 193-198.

4 Willer CJ, Speliotes EK, Loos RJF, Shengxu L, Lindgren CM,
Heid IM et al. Six new loci associated with body mass index
highlight a neuronal influence on body weight regulation.
Nat Genet 2009; 41: 25-34.

5 Ventura A, Birch L. Does parenting affect children’s eating and
weight status? Int ] Behav Nutr Phys Act 2008; 5: 15.

6 Birch L. Development of food preferences. Annu Rev Nutr 1999;

19: 41-62.

Mennella JA, Jagnow CP, Beauchamp GK. Prenatal and postnatal

flavor learning by human infants. Pediatrics 2001; 107: E88-E93.

8 Mennella JA. Prenatal and postnatal flavor learning in human
infants. In: L Birch, Dietz W (eds). Eating Behaviors of the Young
Child: Prenatal and Postnatal Influences on Healthy Eating. Amer-
ican Academy of Pediatrics: Elk Grove Village, IL, 2008.

9 Fox MK, Pac S, Devaney B, Jankowski L. Feeding infants and
toddlers study: what foods are infants and toddlers eating? | Am
Diet Assoc 2004; 104: s22-s30.

10 LeVine RA. Human parental care: universal goals, cultural

strategies, individual behavior. New Dir Child Dev 1988; 3-12.
11 Bellisari A. Evolutionary origins of obesity. Obes Rev 2008; 9:
165-180.

12 Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the
environment: where do we go from here? Science 2003; 299:
853-855.

N

International Journal of Obesity

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Baughcum A, Burklow KA, Deeks CM, Powers SW, Whitaker RC.
Maternal feeding practices and childhood obesity: a focus group
study of low-income mothers. Arch Pediatr Adolesc Med 1998;
152: 1010-1014.

Birch LL, Fisher JO, Davison KK. Learning to overeat: maternal
use of restrictive feeding practices promotes girls’ eating in the
absence of hunger. Am | Clin Nutr 2003; 78: 215-220.
Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH.
Predicting obesity in young adulthood from childhood and
parental obesity. New Engl ] Med 1997; 337: 869-873.

Davison K, Birch L. Obesigenic families: Parents’ physical
activity and dietary intake patterns predict girls’ risk of over-
weight. Int ] Obes 2002; 26: 1186-1193.

Gottlieb G. Developmental-behavioral initiation of evolutionary
change. Psych Rev 2002; 109: 211-218.

Levin BE. The obesity epidemic: metabolic imprinting on geneti-
cally susceptible neural circuits. Obes Res 2000; 8: 342-347.

Levin BE. Metabolic imprinting on genetically predisposed
neural circuits perpetuates obesity. Nutrition 2000; 16: 909-915.
Levin BE. Critical importance of the perinatal period in the
development of obesity. Treatment of the Obese Patient. Humana
Press: New York, NY, 2007, pp 99-119.

Gluckman PD, Hanson MA, Spencer HG. Predictive adaptive
responses and human evolution. Trends Ecol Evol 2005; 20:
527-533.

Hillier TA, Pedula KL, Schmidt MM, Mullen JA, Charles M-A,
Pettitt DJ. Childhood obesity and metabolic imprinting: the
ongoing effects of maternal hyperglycemia. Diabetes Care 2007;
30: 2287-2292.

Barker D (ed). Fetal Author: Infant Origins of Adult Disease. BM]
Publishing: London, 1992.

Barker M, Robinson S, Osmond C, Barker DJP. Birth weight and
body fat distribution in adolescent girls. Arch Dis Child 1997; 77:
381-383.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds §].
Weight in infancy and death from ischaemic heart disease.
Lancet 1989; 2: 577-580.

Gillman MW, Rifas-Shiman S, Berkey CS, Field AE, Colditz GA.
Maternal gestational diabetes, birth weight, and adolescent
obesity. Pediatrics 2003; 111: e221-e226.

Barker DJ, Fall CH. Fetal and infant origins of cardiovascular
disease. Arch Dis Child 1993; 68: 797-799.

Valdez R, Athens MA, Thompson GH, Bradshaw BS, Stern MP.
Birthweight and adult health outcomes in a biethnic population
in the USA. Diabetologia 1994; 37: 624-631.

Sgrensen HT, Sabroe S, Olsen ], Rothman KJ, Gillman MW,
Fisher P. Birth weight as a predictor of young men’s intelligence.
A historical cohort study. Ugeskr Laeger 1999; 161: 791-793.
Ravelli GP, Stein ZA, Susser MW. Obesity in young men after
famine exposure in utero and early infancy. N Engl ] Med 1976;
295: 349-353.

Yang Z, Zhao W, Zhang X, Mu R, Zhai Y, Kong L et al. Impact of
famine during pregnancy and infancy on health in adulthood.
Obes Rev 2008; 9: 95-99.

Ziol-Guest KM, Duncan GJ, Kalil A. Early childhood poverty and
adult body mass index. Am J Public Health 2009; 99: 527-532.
Kral JG, Biron S, Simard S, Hould F-S, Lebel S, Marceau S et al.
Large maternal weight loss from obesity surgery prevents
transmission of obesity to children who were followed for
2-18 years. Pediatrics 2006; 118: e1644—e1649.

Oken E, Taveras E, Kleinman K, Rich-Edwards J, Gillman M.
Gestational weight gain and child adiposity at age 3 years. Am |
Obstet Gynecol 2007; 196: 322.e1-322.e8.

Whitaker RC. Predicting preschooler obesity at birth: the role of
maternal obesity in early pregnancy. Pediatrics 2004; 114: e29—e36.
Hirschler V, Bugna ], Roque M, Gilligan T, Gonzalez C. Does
low birth weight predict obesity/overweight and metabolic
syndrome in elementary school children? Arch Med Res 2008;
39: 796.



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Stettler N, Tershakovec AM, Zemel BS, Leonard MB, Boston RC,
Katz SH et al. Early risk factors for increased adiposity: a cohort
study of African American subjects followed from birth to young
adulthood. Am J Clin Nutr 2000; 72: 378-383.

Cole TJ. Children grow and horses race: is the adiposity
rebound a critical period for later obesity? BMC Pediatr 2004;
4: 6.

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,
Flegal KM. Prevalence of overweight and obesity in the United
States, 1999-2004. JAMA 2006; 295: 1549-1555.

Rasmussen KY, Yaktine AL Committee to Reexamine IOM
Pregnancy Weight Guidelines; Institute of Medicine and
National Research Council. Weight Gain during Pregnancy:
Reexamining the Guidelines (Free Executive Summary). The National
Academies Press: Washington, DC, 2009.

Levin BE, Govek E. Gestational obesity accentuates obesity in
obesity-prone progeny. Am ] Physiol Regul Integr Comp Physiol
1998; 275: 1374-1379.

Guo F, Jen KL. High-fat feeding during pregnancy and lactation
affects offspring metabolism in rats. Physiol Behav 1995; 57:
681-686.

Khan 1Y, Taylor PD, Dekou V, Seed PT, Lakasing L, Graham D
et al. Gender-linked hypertension in offspring of lard-fed
pregnant rats. Hypertension 2003; 41: 168-175.

Taylor PD, McConnell J, Khan 1Y, Holemans K, Lawrence KM,
Asare-Anane H et al. Impaired glucose homeostasis and
mitochondrial abnormalities in offspring of rats fed a fat-rich
diet in pregnancy. Am | Physiol Regul Integr Comp Physiol 2005;
288: 134-139.

Shankar K, Harrell A, Liu X, Gilchrist JM, Ronis MJJ, Badger TM.
Maternal obesity at conception programs obesity in the
offspring. Am ] Physiol Regul Integr Comp Physiol 2008; 294:
R528-R538.

Bayol SA, Simbi BH, Bertrand JA, Stickland NC. Offspring from
mothers fed a ‘junk food’ diet in pregnancy and lactation
exhibit exacerbated adiposity that is more pronounced in
females. ] Physiol 2008; 586: 3219-3230.

Palinski W, D’Armiento FP, Witztum JL, de Nigris F, Casanada F,
Condorelli M et al. Maternal hypercholesterolemia and treat-
ment during pregnancy influence the long-term progression
of atherosclerosis in offspring of rabbits. Circ Res 2001; 89:
991-996.

Levin BE. Metabolic imprinting: critical impact of the perinatal
environment on the regulation of energy homeostasis. Philos
Trans R Soc London 2006; 361: 1107-1121.

Kranz SF, Findeis JL, Shrestha SS. Use of the revised children’s
diet quality index to assess preschooler’s diet quality, its
sociodemographic predictors, and its association with body
weight status. J Pediatr (Rio J) 2008; 84: 26-34.

Waterland RA. Epigenetic mechanisms and gastrointestinal
development. ] Pediatr 2006; 149: S137-S142.

Lucas A, Fewtrell MS, Cole TJ. Fetal origins of adult disease—the
hypothesis revisited. Br Med ] (Clin Res Ed) 1999; 319: 245-249.
Stettler N, Zemel BS, Kumanyika S, Stallings VA. Infant weight
gain and childhood overweight status in a multicenter, cohort
study. Pediatrics 2002; 109: 194-199.

Leunissen RWJ, Kerkhof GF, Stijnen T, Hokken-Koelega A.
Timing and tempo of first-year rapid growth in relation to
cardiovascular and metabolic risk profile in early adulthood.
JAMA 2009; 301: 2234-2242.

Monteiro POA, Victoria CG. Rapid growth in infancy and
childhood and obesity in later life—a systematic review. Obes
Rev 2005; 6: 143-154.

Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB.
Association between postnatal catch-up growth and obesity
in childhood: prospective cohort study. BMJ 2000; 320:
967-971.

Chomtho S, Wells JCK, Williams JE, Davies PSW, Lucas A,
Fewtrell MS. Infant growth and later body composition:

Early effects on obesity
SL Anzman et af

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

evidence from the 4-component model. Am | Clin Nutr 2008;
87:1776-1784.

de Onis M, Garza C, Onyango AW, Borghi E. Comparison of the
WHO child growth standards and the CDC 2000 growth charts.
J Nutr 2007; 137: 144-148.

Rasmussen KM, Kjolhede CL. Prepregnant overweight and
obesity diminish the prolactin response to suckling in the first
week postpartum. Pediatrics 2004; 113: e465-e471.

Rasmussen KM. The influence of maternal nutrition on lacta-
tion. Annu Rev Nutr 1992; 12: 103-117.

Li R, Darling N, Maurice E, Barker L, Grummer-Strawn LM.
Breastfeeding rates in the United States by characteristics of the
child, mother, or family: the 2002 National Immunization
Survey. Pediatrics 2005; 115: e31-e37.

Dewey KG. Is breastfeeding protective against child obesity?
J Hum Lact 2003; 19: 9-18.

Owen CG, Martin RM, Whincup PH, Smith GD, Cook DG. Effect
of infant feeding on the risk of obesity across the life course: a
quantitative review of published evidence. Pediatrics 2005; 115:
1367-1377.

Grummer-Strawn LM, Mei Z. Does breastfeeding protect against
pediatric overweight? Analysis of longitudinal data from the
centers for disease control and prevention pediatric nutrition
surveillance system. Pediatrics 2004; 113: e81-e86.

Gillman MW, Rifas-Shiman SL, Camargo Jr CA, Berkey CS,
Frazier AL, Rockett HRH et al. Risk of overweight among
adolescents who were breastfed as infants. JAMA 2001; 285:
2461-2467.

Arenz S, Ruckerl R, Koletzko B, von Kries R. Breastfeeding and
childhood obesity—a systematic review. Int | Obes Relat Metab
Disord 2004; 28: 1247-1256.

Baird J, Poole ], Robinson S, Marriott L, Godfrey K, Cooper C
et al. Milk feeding and dietary patterns predict weight and fat
gains in infancy. Paediatr Perinat Epidemiol 2008; 22: 575-586.
Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration
of breastfeeding and risk of overweight: a meta-analysis. Am |
Epidemiol 2005; 162: 397-403.

Owen CG, Martin RM, Whincup PH, Davey Smith G, Gillman
MW, Cook DG. The effect of breastfeeding on mean body mass
index throughout life: a quantitative review of published and
unpublished observational evidence. Am ] Clin Nutr 2005; 82:
1298-1307.

Toschke AM, Martin RM, von Kries R, Wells ], Davey Smith G,
Ness AR. Infant feeding method and obesity: body mass index
and dual-energy X-ray absorptiometry measurements at 9-10 y
of age from the Avon Longitudinal Study of Parents and
Children (ALSPAC). Am ] Clin Nutr 2007; 85: 1578-1585.
Singhal A, Lanigan ]J. Breastfeeding, early growth, and later
obesity. Obes Rev 2007; 8: 51-54.

Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants
and later blood pressure: two cohorts after randomised trials.
Lancet 2001; 357: 413-419.

Lucas A, Morley R, Cole TJ. Randomised trial of early diet in
preterm babies and later intelligence quotient. Br Med J (Clin Res
Ed) 1998; 317: 1481-1487.

Morley R, Lucas A. Randomized diet in the neonatal period and
growth performance until 7.5-8 y of age in preterm children 1 2
3. Am J Clin Nutr 2000; 71: 822-828.

Kramer M, Chalmers B, Hodnett E, Sevkovskaya Z, Dzikovich 1,
Shapiro S et al. Promotion of breastfeeding intervention trial
(PROBIT): a randomized trial in the Republic of Belarus. JAMA
2001; 285: 413-420.

Kramer MS, Matush I, Vanilovich R, Platt N, Bogdanovich Z,
Sevkovskaya I et al. A randomized breast-feeding promotion
intervention did not reduce child obesity in Belarus. ] Nutr 2009;
139: 4175-4218S.

Galef Jr BG, Henderson PW. Mother’s milk: a determinant of the
feeding preferences of weaning rat pups. ] Comp Physiol Psychol
1972; 78: 213-219.

International Journal of Obesity



Early effects on obesity
SL Anzman et al

1124

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

Sullivan SA, Birch LL. Infant dietary experience and acceptance
of solid foods. Pediatrics 1994; 93: 271-277.

Forestell CA, Mennella JA. Early determinants of fruit and
vegetable acceptance. Pediatrics 2007; 120: 1247-1254.

Fox MK, Reidy K, Novak T, Ziegler P. Sources of energy and
nutrients in the diets of infants and toddlers. | Am Diet Assoc
2006; 106: S28-542.

Munoz KA, Krebs-Smith SM, Ballard-Barbash R, Cleveland LE.
Food intakes of US children and adolescents compared with
recommendations. Pediatrics 1997; 100: 323-329.

Rheingold H. Development as the acquisition of familiarity.
Annu Rev Psychol 1985; 36: 1-18.

Birch LL, Birch D, Marlin DW, Kramer L. Effects of instrumental
consumption on children’s food preference. Appetite 1982; 3:
125-134.

Birch LL, McPhee L, Steinberg L, Sullivan S. Conditioned
flavor preferences in young children. Physiol Behav 1990; 47:
501-505.

Mennella JA, Nicklaus S, Jagolino AL, Yourshaw LM. Variety is
the spice of life: strategies for promoting fruit and vegetable
acceptance during infancy. Physiol Behav 2008; 94: 29-38.
Birch LL, Gunder L, Grimm-Thomas K, Laing DG. Infants’
consumption of a new food enhances acceptance of similar
foods. Appetite 1998; 30: 283-295.

Pepino MY, Mennella JA. Factors contributing to individual
differences in sucrose preference. Chem Senses 2005; 30:
i319-i320.

Fisher JO, Mitchell DC, Smiciklas-Wright H, Mannino ML, Birch
LL. Meeting calcium recommendations during middle child-
hood reflects mother-daughter beverage choices and predicts
bone mineral status. Am J Clin Nutr 2004; 79: 698-706.

Addessi E, Galloway AT, Visalberghi E, Birch LL. Specific social
influences on the acceptance of novel foods in 2-5-year-old
children. Appetite 2005; 45: 264-271.

Harper LV, Sanders KM. The effects of adults’ eating on young
children’s acceptance of unfamiliar foods. ] Exp Child Psychol
1975; 20: 206-214.

Hendy HM, Raudenbush B. Effectiveness of teacher modeling to
encourage food acceptance in preschool children. Appetite 2000;
34: 61-76.

Highberger R, Carothers L. Modification of eating behavior
of toddlers in a day care setting. Fam Consum Sci Res ] 1977; 6:
48-51.

Galloway AT, Fiorito LM, Francis LA, Birch LL. Finish your soup’:
counterproductive effects of pressuring children to eat on intake
and affect. Appetite 2006; 46: 318-323.

Batsell WR, Brown AS, Ansfield ME, Paschall GY. ‘You will eat all
of that!: a retrospective analysis of forced consumption
episodes. Appetite 2002; 38: 211-219.

Fisher JO, Birch LL. Restricting access to foods and children’s
eating. Appetite 1999; 32: 405-419.

Fisher JO, Birch LL. Restricting access to palatable foods affects
children’s behavioral response, food selection, and intake. Am |
Clin Nutr 1999; 69: 1264-1272.

Faith MS, Kerns ]. Infant and child feeding practices and
childhood overweight: the role of restriction. Matern Child Nutr
2005; 1: 164-168.

Birch LL, McPhee L, Shoba BC, Steinberg L, Krehbiel R. ‘Clean up
your plate’: effects of child feeding practices on the conditioning
of meal size. Learn Motiv 1987; 18: 301-317.

98 Johnson SL, Birch LL. Parents’ and children’s adiposity and

99

100

101

eating style. Pediatrics 1994; 94: 653-661.

Fisher JO. Effects of age on children’s intake of large and self-
selected food portions. Obesity (Silver Spring) 2007; 15: 403-412.
Mrdjenovic G, Levitsky DA. Children eat what they are served:
the imprecise regulation of energy intake. Appetite 2005; 44:
273-282.

Fisher JO, Arreola A, Birch LL, Rolls BJ. Portion size effects on
daily energy intake in low-income Hispanic and African

International Journal of Obesity

102

103

104

105

106

107

108

109

110

111

112

113

American children and their mothers. Am J Clin Nutr 2007; 86:
1709-1716.

Sharafi M, Fisher J, Marini M, Edmonson J, Birch L. Oral
Presentation at The Obesity Society Annual Scientific Meeting 4
October 2008; Phoenix, AZ, 2008.

Deysher M, Birch LL. Caloric compensation and sensory specific
satiety: evidence for self regulation of food intake by young
children. Appetite 1986; 7: 323-331.

Birch LL, Johnson SL, Andresen G, Peters JC, Schulte MC. The
variability of young children’s energy intake. N Engl ] Med 1991;
324: 232-235.

Ackroff K, Sclafani A. Rats integrate meal cost and postoral
changes in caloric density. Physiol Behav 1996; 60: 927-932.
Cupples WA. Physiological regulation of food intake. Am ]
Physiol Regul Integr Comp Physiol 2005; 288: R1438-R1443.
Leahy KE, Birch LL, Rolls BJ. Reducing the energy density of
multiple meals decreases the energy intake of preschool-age
children. Am J Clin Nutr 2008; 88: 1459-1468.

Fisher JO, Liu Y, Birch LL, Rolls BJ. Effects of portion size and
energy density on young children’s intake at a meal. Am J Clin
Nutr 2007; 86: 174-179.

Leahy KE, Birch LL, Rolls BJ. Reducing the energy density of an
entree decreases children’s energy intake at lunch. J] Am Diet
Assoc 2008; 108: 41-48.

Receveur O, Morou K, Gray-Donald K, Macaulay AC. Consump-
tion of key food items is associated with excess weight among
elementary-school-aged children in a Canadian first nations
community. ] Am Diet Assoc 2008; 108: 362-366.

LiY, Zhai F, Yang X, Schouten EG, Hu X, He Yet al. Determinants
of childhood overweight and obesity in China. Br ] Nutr 2007;
97: 210-215.

Shin KO, Oh SY, Park HS. Empirically derived major dietary
patterns and their associations with overweight in Korean
preschool children. Br ] Nutr 2007; 98: 416-421.

Mendoza JA, Drewnowski A, Cheadle A, Christakis DA. Dietary
energy density is associated with selected predictors of obesity
in US Children. J Nutr 2006; 136: 1318-1322.

114 Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA.

Energy-dense, low-fiber, high-fat dietary pattern is associated
with increased fatness in childhood. Am J Clin Nutr 2008; 87:
846-854.

115 Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA. A

116

117

118

119

120

121

122

prospective analysis of dietary energy density at age 5 and
7 years and fatness at 9 years among UK children. Int J Obes
(Lond) 2008; 32: 586-593.

McCaffrey TA, Rennie KL, Kerr MA, Wallace JM, Hannon-
Fletcher MP, Coward WA et al. Energy density of the diet and
change in body fatness from childhood to adolescence: is there a
relation? Am J Clin Nutr 2008; 87: 1230-1237.

Leahy KE, Birch LL, Rolls BJ. Reducing the energy density of
multiple meals decreases the energy intake of preschool-age
children. Am J Clin Nutr 2008; 88: 1459-1468.

Fisher J, Liu Y, Birch L, Rolls B. Effects of portion size and energy
density on young children’s intake at a meal. Am ] Clin Nutr
2007; 86: 174-179.

Block G. Foods contributing to energy intake in the US: data
from NHANES III and NHANES 1999-2000. ] Food Compost Anal
2004; 17: 439-447.

Vickers MH, Gluckman PD, Coveny AH, Hofman PL, Cutfield
WS, Gertler A et al. Neonatal leptin treatment reverses develop-
mental programming. Endocrinology 2005; 146: 4211-4216.
Patterson CM, Dunn-Meynell AA, Levin BE. Three weeks of
early-onset exercise prolongs obesity resistance in DIO rats after
exercise cessation. Am ] Physiol Regul Integr Comp Physiol 2008;
294: R290-R324.

Vallée M, Mayo W, Maccari S, Le Moal M, Simon H. Long-term
effects of prenatal stress and handling on metabolic parameters:
relationship to corticosterone secretion response. Brain Res
1996; 712: 287-292.



Copyright of International Journal of Obesity is the property of Nature Publishing Group and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.





