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Abstract

To prevent the intergenerational transfer of obesity and end the current
epidemic, interventions are needed across the early life stages, from precon-
ception to prenatal to infancy through the age of 2 years. The foundation
for obesity is laid in early life by actions and interactions passed from parent
to child that have long-lasting biologic and behavioral consequences. The
purpose of this paper is to examine the best evidence about (#) factors in par-
ents and offspring that promote obesity during the early life stages, (9) the
social determinants and dimensions of obesity in early life, (¢) promising and
effective interventions for preventing obesity in early life, and (d) oppor-
tunities for future research into strategies to disrupt the intergenerational
cycle of obesity that begins early in life. The pathway for halting the in-
tergenerational obesity epidemic requires the discovery and development
of evidence-based interventions that can act across multiple dimensions of
influence on early life.
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INTRODUCTION

The US obesity epidemic saw its beginnings 30 years ago and has now yielded multiple generations
of adults who are overweight or obese, and who now parent children who are also at risk for
excess weight (48). As a result of multilevel factors contributing to an energy imbalance between
calorie intake and expenditure, almost 69% of adults and 32% of children older than 2 years are
overweight or obese (29, 90). Obesity is now prevalent even among our youngest children: During
2011-2012, 8.1% of infants and toddlers had weight-for-recumbent-length that was greater than
the 95th percentile (100). This is particularly alarming because once obesity develops in these early
years, it is likely to persist into adulthood, laying the foundation for the continued presence of
obesity and related comorbid conditions, such as diabetes and cardiovascular disease, across future
generations. Few reviews have described the risks associated with obesity in early life. The purpose
of this paper is to examine the best evidence about (#) factors in parents and offspring that promote
obesity across early life stages (from preconception through the prenatal period to infancy through
the age of 2 years), (b) the social determinants and dimensions of early life obesity, (¢) promising and
effective interventions for preventing early life obesity, and (d) opportunities for future research
into strategies to disrupt the intergenerational cycle of obesity that begins in early life.

Conceptual Overview

Multiple reviews have focused on obesity and the risks of obesity in youth and preschool-aged
children (33, 55, 70, 73, 76, 79). However, evidence suggests that the foundation for obesity is
laid in early life by actions and interactions that can have long-lasting biologic and behavioral
consequences. These influences on, and risks for, obesity are linked by and across generations,
from parent to child.

The intergenerational evolution of the risk of obesity can be described during the early life
stages, from preconception through the prenatal period and into infancy through the age of 2 years.
For example, the earliest risk for childhood obesity may be initiated due to excess maternal weight
prior to conception (20, 22, 58, 144). Early life within the intrauterine environment may then
shape the trajectory of weight gain and body composition throughout the life course. Eating and
physical activity behaviors that are modeled and reinforced by parents and families further impact
the weight trajectory of infants and toddlers (25, 95, 131). At a macro level, social determinants
influence the interactions between infants and parents that may further impact the development
of obesity in early life. These social determinants, defined by socioeconomic and sociocultural
dimensions, influence the quality of the environments where a young child spends time (15, 16,
19, 79, 89, 132, 143); life-course exposure to poor-quality environments can further promote
the onset of obesity in early life and increase its impact on health over time. The road map for
halting the progression of obesity across generations should recognize these multiple dimensions
of influence that occur at the earliest stages of human development, so that interventions can
be effectively targeted. Figure 1 provides the organizational model that guides this review in
addressing the multiple, intergenerational influences on early weight gain. Table 1 provides an
overview of practice and research recommendations for preventing obesity in early life.

PRECONCEPTION INFLUENCES ON EARLY LIFE OBESITY

A growing body of research suggests that the initiation of obesity in the next generation has its
beginnings prior to conception. Although much of the work has focused on maternal influences,
there is emerging evidence for the contributions made by both parents to their offspring’s body
weight prior to conception.
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Figure 1

Organizational model used in this review to address the intergenerational influences on the risk for obesity
in early life.

Mother’s Birth Weight, Obesity, and Nutritional Status

A mother’s birth weight, obesity, and nutritional status throughout her life can impact her off-
spring (21, 106, 111). In the United States, the Pregnancy Risk Assessment Monitoring System
examined trends in prepregnancy obesity by maternal demographic and behavioral characteris-
tics and found an increase over a 10-year period, from 13% during 1993-1994 to 22% during
2002-2003, across all categories of age, race, and education. The 2003-2009 National Health and
Noutrition Examination Survey found more than one-half of pregnant women were overweight or
obese (43). When compared with their lean counterparts, mothers who are overweight or obese
when entering pregnancy are more likely to have children who are large for gestational age at
birth (144) and as neonates (4), and who are more likely to develop obesity during childhood or
adolescence (72, 106, 144) and in adulthood (20, 144). Whitaker et al. (142) found that maternal
obesity during the first trimester of pregnancy doubled the risk of childhood obesity at 2 years of
age. Other studies have suggested a dose—response association between the magnitude of maternal
obesity and that of the child (58, 64). This relationship has genetic and epigenetic components.
Epigenetic influences cause heritable alterations in gene expression, leading to changes in an
organism’s phenotype without changes to the DNA sequence (66, 106, 139).
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Table 1 Selected influences on, recommendations for, applications in practice for, and research gaps in preventing obesity

in early life

Recommendations

Applications in practice

Research gaps

Preconception influences on early life obesity

Promote optimal weight
prior to pregnancy

Prior to conception,
promote optimal health,
weight, and dietary
behaviors among men
and women

Prevent smoking prior to

pregnancy

Health care providers should include information
about healthy weight, nutrition and activity as
part of preconception care for women and men of
childbearing age

Encourage appropriate family planning options to
optimize health during pregnancy, from
conception to birth

Assess smoking status of potential parents and
encourage smoking cessation prior to pregnancy

The impact and effectiveness of preconception
interventions on infant outcomes

The eftect of obesity-prevention and management
interventions targeting men on their partner’s
pregnancy, and the infant’s birth outcomes

Effective methods for translating and
disseminating health-promotion interventions to
benefit all individuals of childbearing age

Prenatal influences on early life obesity

Promote early and regular
prenatal care

Encourage healthy
gestational weight gain

Promote a healthy diet and
regular physical activity
during pregnancy

Health care providers should incorporate the most
recent guidelines on gestational weight gain from
the Institute of Medicine and the American
College of Obstetricians and Gynecologists into
prenatal and interconception care

Incorporate counseling about nutrition, physical
activity, and smoking cessation as standard
components of prenatal care

The impact of nutritional, hormonal, and
microbiome environments on epigenetic
modifications and how these affect trajectories of
fetal and infant growth and the development of
obesity in childhood

The relationship between changes to the maternal
diet during pregnancy and children’s food
preferences and dietary behaviors

The impact of physical activity during pregnancy
on immediate fetal outcomes, infant growth, and
the development of obesity

The moderating effects of developmental
programming on the relationship between
maternal behavior and long-term outcomes

Early life and obesity risk:

birth to 2 years

Assess, monitor, and track
infant’s growth from birth
to age 5 years

Health care providers should track an infant’s
growth from birth to 5 years using standardized
approaches and WHO or CDC growth charts
and assess parental BMI during routine
assessment of a child’s risk of obesity

For children found to be at risk of obesity,
promote healthy diet and activity behaviors for
children and among caregivers who model these
behaviors

The effects of multilevel (biopsychosocial) and
interactive influences on patterns of weight gain
among infants

The immediate and long-term consequences of
growth trajectories and obesity in early life

The influence of routinely tracking infant growth
on the practices of parents or caregivers, patterns
of weight gain, and the development of obesity
over time

Develop dietary guidelines
for children for use from
birth to 2 years

Promote breastfeeding
during infancy

Create a healthful eating
environment responsive
to children’s hunger and
fullness cues

Health care providers should offer consistent
recommendations regarding breastfeeding and
infant nutrition during the prenatal and postnatal
periods

Counsel parents on responsive feeding practices
and their role in infant growth

Child care providers should receive training in,
and practice, responsive feeding

The role, timing, and type of exposures that
predict the development of taste and food
preferences, and their influence on infant growth

Differences between breastfeeding and formula
feeding on nutrient composition and quality, and
their relationship to patterns of infant growth
and the long-term development of obesity

Effective opportunities for modifying the feeding
styles of the parent or caregiver and their impact
on the infant’s intake and eating patterns

The impact of the timing of introducing, and the
quality of, complementary feeding on an infant’s
growth and risk of developing obesity

The role of the infant’s temperament and its
influence on feeding practices, intake, and
growth
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Table 1 (Continued)

Recommendations

Application in practice

Research gaps

Increase physical activity
and decrease sedentary
behavior in young
children

Train health care providers and professionals
providing guidance to the parents of young
children to counsel parents and caregivers on
strategies to increase physical activity and
decrease sedentary behavior

Methods for measuring physical activity and
sedentary behavior in infants and young children

Knowledge of which patterns of physical activity
and sedentary behavior lead to healthy infant
growth

The role of television and other media exposures
in shaping an infant’s eating behavior

The impact of interventions targeting parents,
caregivers, and child care providers on increasing
physical activity and decreasing sedentary
behavior among infants and young children

Promote age-appropriate
sleep patterns and
duration among children

Health care providers should encourage parents to
implement optimal sleep practices

Child care agencies should adopt practices,
behaviors, and environments that promote the
age-appropriate duration of sleep

The role of sleep duration, quality, timing, and
consolidation on the development of obesity

The development and validation of measures of
sleep in infants and young children

The impact of interventions targeting parents and
caregivers designed to promote optimal sleep in
infants and young children

Social determinants and dimension of early life obesity

Promote policies to ensure
the availability and
accessibility of healthy
food, including in
safety-net programs

Promote high-quality child
care, education

Disseminate
evidence-based
obesity-prevention
information to diverse
populations

Promote urban planning,
housing, land use, and
transportation policies
that create a built
environment that
prevents obesity

States’ policies requiring physical activity in child
care facilities should include the number of
minutes of physical activity recommended per
day or the length of time; they should also
include limits on screen-time exposure

Public health agencies should provide parents and
caregivers with culturally sensitive materials that
promote knowledge and practices consistent with
optimal child growth and development

Public health agencies should promote
prepregnancy weight control and also prenatal
care

Local governments should foster optimal built
environments in neighborhoods to promote
access to healthy food, instead of fast food, and
physical activity for all residents

The impact of food policies on food security,
intake, and obesity in infants and young children

The roles of sociocultural beliefs and attitudes
about childhood feeding and weight, and their
influence on eating patterns and activity during
early childhood

The impact of policies requiring training in
obesity prevention for child care providers and
implementation of child care nutrition and
physical activity standards on the weight
trajectories of infants and toddlers

The impact of policies to ensure the quality and
stability of housing and the built environment on
nutrition, physical activity, and the weight
trajectories of infants and toddlers

Abbreviations: CDC, US Centers for Disease Control and Prevention; WHO, World Health Organization.

Data from the Institute of Medicine 2011 Report (27), Lumeng et al. (81), and Nader et al. (95).

Paternal Role

Fathers provide essential contributions to early embryonic development and fetal programming

through genetic and epigenetic mechanisms (63, 125). Animal models have shown epigenetic

changes in offspring resulting from modifications to the father’s environment (125). Specifically,

researchers have identified epigenetic changes connected to altered metabolism in offspring result-
ing from variations in the father’s diet, indicating that paternal behaviors may put future children
at risk of obesity and obesity-related outcomes (98, 103, 109). The paternal environment may also

affect developing sperm, leading to the inheritance of epigenetic modifications (21).
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Interventions

Studies have suggested that interventions to prevent obesity should target both males and fe-
males during their childbearing years. Interventions to improve nutritional behaviors and weight
outcomes during the preconception period have focused primarily on women, particularly those
intending to become pregnant (1, 133). These interventions have had positive effects on body
mass index (BMI) and prenatal vitamin intake. Strategies for improving women’s preconception
health across their life span include ensuring that they have preventive visits (as an opportunity to
provide preconception care), that interventions address identified risks, and that they have inter-
conception and prepregnancy care, as well as providing public health programs and interventions
(e.g., to increase awareness of the importance of preconception health, population surveillance,
and public programs that already serve women) (59, 64, 140). Further, policies and interventions
focusing on encouraging males and females to achieve and maintain a healthy weight during ado-
lescence and adulthood can be considered both health-promoting for those individuals, as well as
preventative against obesity in the next generation. Given the finding of a recent survey that 77%
of women favored engaging in a program to promote a healthy lifestyle before becoming pregnant,
evidence-based interventions should be disseminated so they are broadly accessible (44). Table 1
highlights selected practice and research recommendations that can be implemented during the
preconception stage to address early life obesity.

PRENATAL INFLUENCES ON EARLY LIFE OBESITY

Early life environments, and the quality and timing of exposure to factors within these environ-
ments, may produce interactions that become biologically embodied in the developing child (21,
66). The concordance that exists between maternal and early childhood obesity may be the result
of several shared biologic risk factors and conditions in the intrauterine environment (21, 66).

The Intrauterine Environment and Biologic Programming

Studies targeting the developmental origins of disease address questions about the plasticity and
reversibility of the effects of gestational exposures, including the role of epigenetic influences.
Although the gene sequence cannot be modified, the ability to alter the expression of genes in
response to environmental cues (known as plasticity) is thought to be important in allowing an
organism to maximize its chance of survival (33, 60, 139). During critical periods in development,
an organism may use this plasticity to alter gene expression based on the environment (e.g.,
exposure to maternal nutritional status and hormones), and this expression is then much less
plastic for the duration of the organism’s life (37, 66, 82, 106, 139). For example, some have
hypothesized that changes to the placenta, resulting from maternal stressors or nutritional status,
or both, may act as a mediator between the developing child and the environment (60). In this
way, the in utero experience acts as a preview to the fetus of the future environment, leading to
morphological and epigenetic adaptations. These adaptations regulate eating behavior, obesity,
and glucose tolerance (66). If, however, there is a mismatch between the intrauterine environment
and the postnatal environment (e.g., intrauterine growth restriction or being small for gestational
age during development coupled with nutritional excess after birth), the organism may suffer
during later life (i.e., in childhood or adulthood) (52, 60, 66, 139). The effects of epigenetic
changes can be observed in methylation studies, which have found associations between adiposity
in childhood and greater methylation of specific genes prenatally (46). The extent to which these
epigenetic modifications are heritable, such that an organism’s in utero exposure can influence
epigenetic gene expression in his or her offspring, is under investigation (60, 139).
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Changes in certain metabolic pathways, hormonal signaling, and altered glucose metabolism
during pregnancy increase an offspring’s risk of being larger in size and having a higher percent-
age of body fat at birth (106). Developing offspring may experience maternal hormonal signals.
For example, exposure to leptin during the prenatal period has been associated with a faster infant
growth rate and with an increased BMI and adiposity in childhood. The patterns of association ap-
pear complex and could possibly change direction as the child develops (12, 107, 136). Gestational
diabetes has also been associated with the development of overweight, high blood pressure, and
type 2 diabetes later in a child’s life (14, 33). Among the mechanisms explaining the relationship
between exposure to gestational diabetes and a child’s outcomes are nutrient sensing, epigenetic
modifications, and changes to the precursor stem cell of adipose cells and neurons related to
appetite regulation (46, 66).

Emerging evidence is showing the importance of the composition of bacteria in the gut, the
human microbiome. With regard to obesity, researchers have uncovered differences in the micro-
biomes of overweight individuals compared with normal-weight individuals (77). This difference
is also seen among pregnant women, may be transferred from mother to child, and may, therefore,
contribute to the intergenerational transfer of obesity (106). Further, because the infant’s micro-
biome appears to be related to how he or she was delivered, the correlation between maternal
prepregnancy BMI and the likelihood of cesarean delivery offers one mechanism for explaining
differences in the gut microbiomes among babies of mothers with varying BMIs (6, 106).

Gestational Weight Gain and Maternal Lifestyle Behaviors

The intrauterine environmentis influenced by maternal weight gain and lifestyle behaviors (eating,
activity levels, and smoking) during pregnancy, and these are often modeled across generations;
individually and together these factors influence the weight of offspring and the risk for developing
obesity.

In addition to preconception obesity, excessive gestational weight gain (GWG) increases the
risk for alterations in maternal metabolism, including dyslipidemia, glucose intolerance or insulin
resistance, hyperleptinemia, and inflammation, as well as increasing the incidence of gestational
diabetes mellitus (13, 23, 58, 88). The offspring of mothers with increased GWG exhibit higher
weight at birth, increased body fat during the neonatal period, and greater adiposity (e.g., BMI
z-score, waist circumference) throughout early childhood and into adulthood (4, 33, 72, 83, 96,
118). They are also at greater risk for insulin resistance and increased plasma concentrations of
leptin, insulin-like growth factor-1, and inflammatory markers (13, 58, 106, 136). These obesity-
related outcomes may result from permanent changes in appetite, metabolism, and other functions
set down during fetal development in response to greater nutrient transfer from overnourished
mothers (111).

Dietary intake during pregnancy is associated with GWG, birth outcomes, and birth size (106).
Pertinent dietary factors include under- and overnutrition and micronutrient intake (e.g., folate
and vitamin B12, iron, chromium) (14, 139). Dietary intervention studies inducing over- or un-
dernutrition in pregnant women are impractical and unethical. Thus, much of the evidence for
the effects of undernutrition comes from historical famine studies. These natural experiments, ex-
ploring associations between children born to mothers exposed to famine during pregnancy, have
found consistent associations between prenatal famine and adult body size and diabetes (82). Other
observational studies have found associations between dairy protein and birth weight, and with
vitamin B12 status and insulin resistance in childhood (14, 102, 127). The food that a mother con-
sumes and the experiences of taste and smell that function during fetal life, play key partsin a child’s
acquisition of food and flavor preferences, which have been documented at birth (87, 117, 126).
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Animal and human studies have suggested that fetal epigenetic changes may be a mediator
for the effects of dietary factors (37, 66, 82). Studies are exploring the links between over- and
undernutrition during pregnancy and epigenetic imprinting in offspring, linking diet to altered
DNA modification and these alterations to obesity in children (106). Further work has linked
disparities in environmental influences, which can lead to epigenetic modifications, to disparities
in chronic conditions, such as hypertension and diabetes in adulthood (71).

Physical activity (PA) during pregnancy may influence obesity development by altering GWG
and birth weight. Several studies and review articles over the past 10-15 years (129, 130) have
suggested that women who routinely participate in exercise during pregnancy have better glucose
control (among women with gestational diabetes mellitus) (31), have less GWG (91, 120), have less
postpartum weight retention (91), and give birth to infants that are smaller (but within the normal
weight range) than those who do not exercise (61). Hawkins et al. (56) have demonstrated the
benefits of a clinically feasible exercise intervention in diverse populations. Mourtakos et al. (92)
found that moderate PA during pregnancy, as well as GWG and smoking status, were significantly
associated with offspring obesity at age 8 years. In contrast, other reviews have been more mixed
or inconclusive (34, 114). A review by Catalano (22) found only modest success for diet and PA
interventions in decreasing excessive GWG to within recommended guidelines and found there
was little impact on excessive fetal growth; Catalano concluded that preconception interventions
are needed to address early alterations in maternal and placental function during the first trimester
of pregnancy. These findings suggest that engaging in PA prior to and during pregnancy may
improve glucose metabolism and the quality of the intrauterine environment, thus reducing the
risk for obesity development in offspring.

Finally, smoking during the prenatal period is strongly associated with obesity development
in offspring during childhood and adulthood (20, 33). Durmus et al. (38) reported associations
between both maternal and paternal smoking during pregnancy and risks of overweight and obesity
in offspring at the ages of 1, 2, 3, and 4 years. A review by Oken et al. (101) found that maternal
smoking during pregnancy was associated with a 50% higher risk of childhood obesity by ages
3-7 years. Interventions to prevent smoking during the prenatal period have had limited success
due to stress and other related factors (110). Additional research that focuses on individual-level,
as well as policy-level interventions, is needed to prevent smoking and promote cessation prior to
and during pregnancy.

In summary, intergenerational influences and maternal biology and behavior affect the in-
trauterine environment and the developing fetus, enhancing or reducing the risk for developing
obesity early in life. There is limited research in this area. However, it appears that modifying
maternal lifestyle behaviors has added health benefits for mother and child, as well as holding
the promise of reducing the risk for obesity across generations. Table 1 summarizes the best
evidence on practice recommendations for the prenatal period and suggests future questions for
investigation.

EARLY LIFE AND OBESITY RISK: BIRTH TO 2 YEARS

Research on indicators of obesity among young children is generally limited in scope, sample
size, and design. Additionally, there are variations in thresholds for defining excess weight across
studies, which use either the US Centers for Disease Control and Prevention’s or the World Health
Organization’s growth charts for children younger than 2 years of age, and this can confuse the
interpretation of research findings (100). Despite these limitations, several physiologic, behavioral,
and parental indicators have been studied during the early life of offspring that may inform the risk
for obesity development. The following section addresses the most influential of these associations:
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an infant’s birth weight and growth trajectory, nutrition and feeding patterns, and physical activity,
sedentary behavior, and sleep.

Infant Birth Weight and Growth Trajectory

An infant’s birth weight appears to be an early indicator for the development of obesity or its
sequelae, or both (20). Studies of extreme variations in birth weight, defined as children born
either small for gestational age or large for gestational age, have shown that by adulthood these
children have increased rates of overweight and obesity, metabolic disorders, and cardiovascular
diseases (33, 49, 66). As described above, maternal weight at conception and GWG appear to have
direct associations with an infant’s weight. Babies born large for gestational age to obese women
are more likely to develop obesity and early chronic disease (83, 118).

Rapid infant weight gain is also an important indicator of early childhood obesity (123). Ac-
celerated weight gain occurring during the first 4 months of life has been associated with obesity
at 7 years (104) and with a 60% increase in risk if the weight gain occurs within the first 2 years
of life (116). Rapid infant weight gain likely results from several factors, including shared genetic
influences and epigenetic processes, as well as differences in placental leptin levels and an infant’s
microbiota (24, 35, 39, 78). Catch-up growth among small-for-gestational-age infants may also
be related to their adult BMI, particularly if the rapid growth occurs after the age of 12 months
(20, 41). Additionally, there is a significant association between excess weight at ages 6 months,
1 year, and 2 years and adult obesity. Studies have suggested that parents, particularly those who
are overweight or from underserved communities, are unlikely to recognize rapid weight gain or
overweight in their young child (76, 113). Regular monitoring of infants’ and children’s weight by
health care providers affords an opportunity for recognizing excessive weight gain and providing
early lifestyle interventions (27).

Nutrition and Infant-Feeding Practices

Parents’ practices for infant feeding may have a direct impact on the quality and quantity of food
intake, weight gain in early life, and the development of obesity in later life. Consistent evidence-
based guidance is lacking for parents and caregivers who are responsible for feeding infants and
toddlers. This is due, in part, to the absence of recommended dietary guidelines for children who
are younger than 2 years of age. The lack of guidance may influence the extent to which parents
and caregivers transmit their own experiences to feeding the young children in their care, patterns
that have immediate and ongoing implications for a child’s weight. The following section reviews
the research on nutrition and infant-feeding practices as related to obesity in early life.

Infants self-regulate their energy intake from birth; eating is initiated in response to hunger and
terminated in response to satiation signals (10). Ultimately, infants are born knowing how much
to eat, when to eat, and when they are full. Infants respond to differences in energy density early in
life, particularly when breastfeeding, and are able to self-regulate energy intake to accommodate
their nutritional needs for growth and development (10, 89, 105, 115, 117). Many studies have
found that formula-fed infants weigh more and are longer in length than breastfed infants by the
end of the first year of life, possibly due to differences associated with the amount and pattern of
feeding by the parent (69). A review by Thompson (134) has suggested that infants weaned earlier
gain weight more rapidly (5), possibly due to higher energy intakes from formula (57), impaired
self-regulation (7), and earlier complementary feeding (62). However, a recent large-scale trial
reported no direct effect of breastfeeding on the development of childhood obesity (84). This is
consistent with other reviews that have found no association between breastfeeding or formula
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feeding and obesity (20). This evidence suggests that breastfeeding remains the gold standard for
infant nutrition due to its substantial health benefits, but other nutritional strategies for preventing
early obesity should be studied (45).

Infants and toddlers depend upon parents or caregivers for feeding; ultimately, the infant’s
ability to self-regulate is influenced or eliminated by parental or caregiver decisions about what,
how, and when to feed a child (10). Data from the 2008 Feeding Infants and Toddler Study
showed that infants and toddlers were consistently receiving more calories than needed each
day (8). Research has suggested that beliefs about infant feeding may be reflected in a parent’s
feeding style, which have been defined as laissez-faire, pressuring and controlling, restrictive and
controlling, responsive, or indulgent (135). These styles or practices may promote or compromise
an infant’s or toddler’s ability to self-regulate intake. For example, controlling or restrictive child-
feeding practices are associated with the development of behaviors that promote overeating and
obesity (26). In contrast, responsive feeding practices, in which the parent interprets signals of
hunger and fullness from the infant and responds quickly and appropriately to those signals (e.g.,
offering types of soothing other than giving food), support self-regulatory eating behaviors. There
is limited evidence linking feeding styles to early life obesity. However, Birch & Doub (8) have
described feeding practices as influencing gene—environment interactions; genes are expressed in
the context of family environments defined by the availability and intake of foods, routines around
meals, and early feeding practices supported by family culture. The quality of these interactions
can increase the risk of an obese phenotype (8).

A parent’s feeding practices may also influence, or be influenced by, an infant’s temperament
and food preferences. An infant’s temperament (e.g., negative emotionality) has been reported
to be associated with more rapid weight gain in infancy, but this association has received mixed
support in findings from large cohort studies and may be explained by parents using feeding to
soothe the infant (128). There has also been extensive research examining the development of an
infant’s or toddler’s flavor or food preferences as primary predictors of intake and eating patterns
(9, 124). Early preferences for sweet versus sour tastes are influenced by prenatal exposure to the
mother’s diet, are detectable at birth, and are modifiable through exposure (86, 126). However, an
infant’s food preferences, selections, likes, and dislikes are reinforced by the feeding practices of
the parent or caregiver, by what they are provided to eat, and by whom they observe as the model
of food intake (122).

Studies have also examined the introduction and quality of complementary solid foods as related
to the development of obesity (50, 62). The American Academy of Pediatrics (67) recommends
the introduction of complementary solid foods between the ages of 4 months and 6 months.
However, several studies have reported on the early introduction of foods for infants for different
reasons, including infant soothing and parental beliefs or cultural differences (42, 138). Little is
known about the quality of the nutrient composition of complementary foods and the impact on
infant growth or growth trajectories. There is also inconsistent evidence for the role and timing
of introducing solid food in the development of early obesity (50, 62).

Physical Activity, Sedentary Behavior, and Sleep

There is a paucity of research defining the impact of an infant’s or toddler’s activity level on
short- or long-term energy balance. Conducting these studies is difficult because our knowledge
of the nature of physical activity in relation to infants and toddlers is lacking, as are reliable
or valid measures of this movement. Based on the best evidence, a report by the Institute of
Medicine (27) suggested that exposure to television and media, and the use of car seats and strollers
(although important for safety) may be encouraging sedentary behavior in young children. Studies

Haire-Joshu o Tabak



of caregivers have revealed that children as young as 3 months are exposed to television or other
forms of media entertainment, suggesting that patterns of sedentary behavior are being ingrained
early (137, 145). Recommendations for infants and young children aim to encourage movement
and play to prevent excessive weight gain and to maximize development, to provide infants with
access to “tummy time,” placing a baby on his or her stomach while supervised, and to ensure that
toddlers are active at least 15 minutes per hour (27, 73, 79). Further work is needed to understand
the role of physical activity or sedentary behavior in relation to energy balance and obesity in
infants and toddlers.

Shorter sleep duration appears to be a risk factor for obesity and related diseases that may
track into adulthood (2, 53, 97, 119). Insufficient sleep in childhood is associated with metabolic
and other physical dysfunctions (68, 112, 141). Sleep deprivation or irregular sleeping habits
are associated with an elevated BMI among children as young as 4 years (3). Further, irregular
sleep may be associated with distractions in the environment, including having a television in the
bedroom (65, 70, 89, 94). The use of food as a strategy to soothe infants is associated with poor
sleep habits and may also be a factor in weight gain (26). There is a dearth of studies addressing
strategies for promoting healthy sleep habits in infants and children and their impact on weight.

In summary, an infant’s birth weight and rapid weight gain during the first months of life are
important indicators of future obesity risk. The practices of the parent or caregiver in feeding
the infant or in promoting activity may have a role in establishing long-term lifestyle patterns
associated with weight gain. There is a lack of clear guidance on nutrition or activity for young
children, which could be used by parents to avoid the development of obesogenic patterns in
their children. Table 1 suggests that rigorous research is needed to identify and interrupt lifestyle
patterns that are becoming socially ingrained in early life and transmitted across families and
generations.

SOCIAL DETERMINANTS AND DIMENSIONS OF INFLUENCE
ON EARLY LIFE OBESITY

"The risk for early childhood obesity is influenced not only by biology and behavior, but by macro-
level, upstream social determinants that impact the quality of the environments in which eating
and activity behaviors are learned by young children and reinforced by their parents and families
(19, 143). These determinants, often defined by dimensions of socioeconomic, sociocultural, and
life-course exposure, converge with biomedical processes and are important in understanding the
development and intergenerational nature of childhood obesity in early life (11, 16).

Offspring are most vulnerable to the harmful effects of socioeconomic deprivation during the
prenatal period and early childhood. Women who live in poverty have a higher prevalence of
obesity and are more likely to enter pregnancy obese, laying the foundation for early obesity for
their offspring (33). Several studies have reported that socioeconomic deprivation may explain
some of the racial and ethnic disparities in the prevalence of adult and childhood obesity (33).
African Americans, Hispanics, and Native Americans have high prevalences of obesity; they are
also twice as likely as other racial and ethnic groups to be living in economic deprivation (17,
40, 93). These socioeconomic differences may influence birth outcomes across racial and ethnic
groups, and place young children, also exposed to and living in poverty, at high risk for obesity
and related chronic diseases (17-19, 85, 121).

There are multiple pathways by which socioeconomic status might impact early life obesity.
Poverty, as one dimension of socioeconomic status, is associated with food insecurity, which is
described as an environment in which there is not access to a sufficient quantity of food or to food
of a sufficient quality, and in which periods of hunger are common (36). Food insecurity has been
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associated with pregravid maternal obesity and is associated with poor pregnancy outcomes (32,
74, 75). Infants and children living in poverty are at risk for exposure to poor quality or unstable
neighborhoods, housing conditions, or child care services, or some combination of these, and are
unlikely to have access to built environments that promote safe activity during the formative early
years (29, 54). Ensuring that children have appropriate and stable housing, safe living conditions,
and access to healthy food can have a direct impact on eating behaviors associated with the preven-
tion and control of childhood obesity (54). As importantly, a recent longitudinal study by Oddo
& Jones-Smith (99) assessed childhood anthropometrics and family income at 2 years and again
from 4 to 6 years, and found that improvements in the family’s poverty-to-income ratio promoted
healthy weight outcomes among young girls. This suggests that the early life risk for obesity
associated with poverty might be sensitive to, and mitigated by, improvements in economic status.

Sociocultural dimensions may also influence early life obesity through a number of pathways
that impact how a parent feeds a child. These include, but are not limited to, structural and
community factors that shape beliefs around child-feeding practices, and social networks that
communicate and share cultural beliefs around breastfeeding and children’s weight. For example,
the devaluation of breastfeeding and the preference for formula feeding has been influenced by
historical contexts (e.g., perceptions of wet nurses), beliefs (e.g., that breast milk transmits harmful
substances from the maternal diet), easy access to formula through Women, Infants, and Children
programs and other programs, and structural limitations on where itis possible to breastfeed (135).
Additionally, cultural beliefs that define a larger infant as representing a healthy and active child
may encourage parental feeding practices that promote excessive formula feeding and the addition
of cereal in bottles to ensure that the child eats enough to look healthy (132). Experiences in the
first hours and days after birth influence breastfeeding outcomes. Maternity care policies, such as
the Baby-Friendly Hospital Initiative, define evidence-based hospital policies for implementing 10
steps to support breastfeeding practices, and these have been shown to improve early breastfeeding
rates in the United States (108). In 2013, 53.9% of US hospitals had implemented more than half
of the 10 steps, suggesting there is a continuing need for improvement in implementing this policy.

Studies have shown there are ethnic differences among African American and Hispanic parents
who perceive a thin child as unhealthy, which may then encourage the early introduction of
complementary foods and a child’s access to sugar-sweetened beverages and fast food (33). High
rates of age-inappropriate feeding among African American mothers have also been reported,
with more than 75% of their infants receiving solids or juice by 3 months of age, thus increasing
the daily energy intake to levels higher than necessary for optimal growth (134). A review by
Grote & Theurich (51) concluded that it was not specific types of complementary foods that
were associated with childhood obesity, but rather a combination of parental attitudes and beliefs,
family dynamics, and socioeconomic factors that influence complementary feeding practices and
partially explain the early obesity risk. Ultimately, the development, progression, and sustainability
of adverse feeding behaviors that are culturally supported can become socially patterned, putting
generations at risk for the early development of obesity.

Finally, multiple dimensions of life-course exposure to early childhood disadvantage have been
associated with an increased risk of obesity persisting into adulthood; those with the longest
exposure to disadvantaged circumstances are at the highest risk for negative health outcomes
(28). The persistence of stress across the life course, associated with markers of socioeconomic
disadvantage, influences physiologic outcomes (e.g., neuroendocrine, inflammatory, immune),
leading to obesity-related chronic diseases (47). In infants and young children, there may be a dose—
response relationship to exposure to poor-quality environments. Alternatively, the cumulative
burden of exposure to negative environments may significantly impact long-term health and
contribute to the development of obesity (30, 80). Braveman et al. (16) have suggested that the
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intergenerational transmission of social disadvantage and health outcomes, such as obesity, may
be partially explained by epigenetic changes in gene expression that are passed across generations.
Policy initiatives, as noted in Table 1, may provide a way to equalize opportunities for dis-
advantaged populations by improving access to high-quality nutrition and PA environments in
the places where young children and their parents spend time. Making improvements across the
multiple dimensions that define the social context within which children grow and develop may
benefit and support caregivers and their very young children as they pursue and maintain obesity-
prevention behaviors. Making such improvements holds promise for ensuring immediate and
long-standing intergenerational impacts on obesity prevention and long-term health (27).

CONCLUSIONS

Obesity is intergenerational. Preventing obesity in early life holds the promise of delaying or halt-
ing the current epidemic. There is limited research, but more is emerging, about the influences on
the development of obesity during the early stages of life. It is critical to develop an understanding
of the roles of both parents as biologic transmitters and behavioral models of obesity risk. More ev-
idence is needed to inform interventions designed to reset entrenched obesity-promoting lifestyle
practices that parents pass on to their offspring. An understanding is also needed of the context
within which young children live and the interactions of economic and cultural determinants on
the behaviors of parents and children across generations. Interventions should be tested at a macro
or policy level to determine how to interrupt the development of obesity by eliminating early life
exposure to poor-quality environments. The pathway for halting the intergenerational obesity
epidemic requires additional discovery and the development of evidence-based interventions that
can act across multiple dimensions of influence on early life.
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