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Abstract Obesity is a global epidemic and children are
affected in increasing numbers. Overweight children are at
increased risk of becoming overweight adults with associated chronic diseases. In this update, we present key
findings from a review of the current literature focused on
potential causes and strategies for preventing childhood
obesity. We highlight recent evidence regarding the role of
genetics, maternal body mass index, postnatal influences,
and environmental effects throughout childhood in predicting overweight. We also summarize the results of new
research that examined the effectiveness of intervention
strategies implemented in a variety of settings: home,
school, community, and health care system. Statements
recently released by the Centers for Disease Control and
Prevention (CDC) and the US Department of Health and
Human Services emphasize the need for effective policy
and environmental change to promote healthy lifestyle
change at the individual and population levels.
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Introduction
Childhood obesity is increasingly common worldwide and
is associated with comorbidities in childhood and in
adulthood. In the United States, 17% of children are

overweight, and overweight children are likely to be
overweight as adults [1, 2]. These children suffer from
psychosocial issues (eg, depression, being bullied, and
decreased school performance) and physical complications
(eg, hypertension, nonalcoholic fatty liver disease, type 2
diabetes, and hyperlipidemia). Being overweight in childhood significantly increases future mortality in adulthood.
In a study of American Indian children, Franks et al. [3••]
found that after a median follow-up of 24 years, children in
the highest quartile of body mass index (BMI) had more
than double the mortality rate.
The factors that predispose an individual child to excess
weight gain are complex, as highlighted by the current lack
of effective prevention strategies despite the tremendous
interest and concern surrounding childhood obesity. At its
simplest, excess weight gain is the result of burning fewer
calories than are consumed on an ongoing basis. At a more
complex level, obesity is a failure of the ability to selfregulate—to match intake to energy needs. Thus, the
question becomes: what causes the failure of this innate
regulatory balance in children? In this review, we discuss
selected literature published in 2009 and early 2010 on
excess weight gain in children, first examining biologic and
environmental predictive factors, and then discussing new
developments in preventive strategies.

Predisposing Factors
Genetics
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Obesity tracks in families, and one of the strongest
predictors of child overweight is the BMI of the mother
and father. In recent years, progress was made in
identifying genes that may contribute to this effect. The
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FTO (fat mass and obesity-associated) gene is a large gene
on chromosome 16; in 2007, three independent studies
identified associations between single nucleotide polymorphisms on FTO and BMI, creating much excitement [4].
The absolute risk generated by the FTO gene is relatively
modest, is found in Caucasian populations, and is modifiable by environmental factors. Cecil et al. [4] studied 2,726
children for associations with the rs9939609 variant of the
FTO gene and found strong associations with BMI and
weight. They further studied 97 of these children, and
found that this allele predicted increased energy intake at a
test meal that was independent of body weight [5].
Interestingly, the weight of the food consumed was not
substantially different, suggesting that it was selection of
high energy-dense foods that accounted for the increase in
energy consumption by the children with the variant FTO.
A defect in the melanocortin 4 receptor gene (MC4R) is
associated with a severe, early form of monogenic obesity
in children. MC4R deficiency is characterized by hyperphagia, hyperinsulinemia, and increased fat mass [6].
Recent studies showed that variants in MC4R are also
associated with fat mass, weight, and risk of obesity and, in
children, possibly associations with regulation of weight
through energy intake and energy expenditure [7, 8]. In a
study of MCR4 and FTO genetic variants in Finnish
adolescents, the gene effects were additive but, again, were
modifiable by physical activity [9].
The genetic studies are exciting because behavioral
studies support early childhood personality traits as important longitudinal predictors of obesity. For example, low
inhibitory control at age 7 years was predictive of increased
weight gain in Hispanic children [10•]. In 4-year-old
children, those with less ability to delay gratification were
30% more likely to be overweight at age 11 years; however,
maternal BMI explained part of the effect [11]. In children
age 3 to 12 years, those with both decreased self-control
and less ability to delay gratification had significantly
higher BMI and rate of BMI increase, and the two
behaviors were additive [12]. The authors of this last study
explain that these self-regulatory behaviors are more “trait
than state.” The consistency of these three studies showing
behaviors so early in life makes it seem more likely that
they are inherited traits rather than taught behaviors.
Prenatal and Perinatal Influences
Researchers have considered effects that may occur in utero
to “program” for obesity. In particular, as the number of
women who are overweight early in pregnancy increases,
the effects of this altered metabolism on the fetus may be
important. Catalano et al. [13] examined 89 women either
with impaired glucose tolerance or normal glucose tolerance in a prospective study of in utero effects on childhood

obesity. They assessed these women during pregnancy and
at delivery, and assessed their children at an average of
8.8 years later. The strongest predictor of being in the
highest tertile for weight for the children was the maternal
pregravid weight, and this predictor was independent of
maternal glucose tolerance and infant birth weight. Similarly, a study of 11,653 school children in England found
that increased current maternal and paternal BMI and
increased pre-pregnancy BMI of the mother were significantly associated with rapid weight gain between the ages
of 3 and 5 years [14]. The challenge/confounder for both
studies (and for most studies of maternal weight status) is
that lifestyle habits of the parents track with their BMI.
Although some habits can be directly measured, issues with
validity of self-report and difficulty in accurately measuring
diet and activity levels complicate the separation of early
family environmental effects on the child from the effect of
in utero programming.
Postnatal Effects
Hitze et al. [15] re-examined the phenomena of rapid
postnatal weight gain in German infants. Of 351 infants
born appropriate for gestational age (AGA), they found that
22% gained weight rapidly, which was defined as a greater
than average gain in weight from birth to age 2 years. In
this group of rapid gainers, the prevalence of obesity at age
12 years was 26.2% among girls and was 28.9% among
boys, compared to the significantly lower prevalence in the
slower gainers (2.8% among girls and 5.0% among boys).
Gestational age accounted for some of the effect, but other
early life factors such as breastfeeding, maternal smoking,
parental BMI, and socioeconomic status did not. These
investigators found that the infants who were rapid gainers
had lower birth weights and earlier gestational age,
although they fit within the guidelines of AGA. Because
small for gestational age (SGA) infants are prone to rapid
weight gain and later obesity, this study suggests that the
effect of intrauterine weight gain is a spectrum and even
small shifts toward SGA may have later effects. Breastfeeding is another well-studied postnatal effect that was
previously found to reduce the risk of obesity. However,
studying the phenomenon is a challenge because controlling completely for parenting and environmental effects that
track with breastfeeding is difficult. Perhaps the strongest
evidence that breastfeeding is protective was published
recently by Metzger et al. [16••]. In a longitudinal,
nationally representative, US survey, they compared
breastfed and non-breastfed siblings and examined the
presence of obesity in adolescence. In sibling pairs in
which one was breastfed and one was not, the breastfed
sibling had a lower BMI in adolescence and was less likely
to be overweight and obese.
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Parent Restriction

Mitchell et al. [23] studied the association of hours of
objectively measured sedentary behavior and odds of being
obese, and confirmed that sedentary behavior was positively associated with obesity. However, when they further
adjusted their models for minutes of moderate-to-vigorous
physical activity (MVPA), the findings for sedentary
behavior were no longer significant, suggesting that the
two are closely interrelated. As expected, MVPA and
sedentary behavior were closely negatively correlated (ie,
sedentary children engage in less MVPA.)

Parent feeding behaviors (eg, restriction, food prompting,
and pressuring) were known to be associated with the child’s
weight, but it was unclear whether parents develop these
mechanisms in response to a challenge with their child (eg, a
picky eater or rapid gainer) or if the parent behaviors predict
the child’s behavior and weight. Hennessy et al. [17]
examined the association between parent restrictiveness
and child’s disinhibited eating to see if other parental
characteristics might modify the effect. They found that
parents who are more restrictive have children with more
disinhibited eating, and that the child’s disinhibited eating is
positively associated with BMI. Negative parenting characteristics (eg, coerciveness, inconsistency, and unpredictability with regard to feeding) strengthened the association
between restrictiveness and BMI. Furthermore, a trend
existed toward less association of parent restrictiveness and
child’s disinhibited eating with greater parent supportiveness, suggesting that parental style is the modifiable effect.
A study by Anzman et al. [10•] supported these results;
they found that restrictive parenting exacerbated the
association between uninhibited eating and increased BMI.

Prospective examination of cardiorespiratory fitness in
school-aged children demonstrated that children with low
fitness had significantly higher risk (3.5-fold) of being
overweight and had disproportionate increase in weight gain
[24]. Together with the study by Roberts et al. [25] showing
that low aerobic fitness predicts lower test scores in math,
reading, and language—a finding that was independent of
parent education level and the child’s BMI—these studies
confirm that increasing cardiorespiratory fitness should be a
key area of focus for school-aged children.

Sedentary Behavior

Increased Caloric Sweeteners

The association of low physical activity and increased
sedentary time with increased risk of obesity is well
established, but recent studies have helped to clarify the
precise associations. Screen time (ie, television and computer time) is an important potentially modifiable component of sedentary behavior. Almost half of obese children
engaged in ≥2 h a day of screen time, compared to 33% of
normal-weight children [18, 19]. African American children
had the highest prevalence, with 66% watching more than
2 h a day compared to European American (43%) and
Mexican American (48%) children. Factors that are
associated with increased screen time are lower family
income and the presence of a TV in the child’s bedroom
[20]. Conversely, participating in sports, being a girl,
having a negative attitude toward screen time, participating
in after-school programs, and participating in the “Turn off
the Screen Week” campaign were protective. All screen
time may not be equal. New evidence supports this idea by
showing that for children under the age of 7 years, hours of
commercial-containing TV are positively associated with
BMI, whereas other categories (eg, videos and
noncommercial-containing children’s TV) are not [21].
Programming for children under the age of 5 years has a
food advertisement every 5 min, 95% of which are for
poor-quality food. This may partly explain why eating in
front of the TV was associated with higher BMI in a 3-year
longitudinal study of children [22].

The evidence is solid that caloric sweetened beverages
(CSBs) are associated with excess weight gain, as reviewed
in a meta-analysis of 30 studies published in 2006 [26].
CSBs may act by several mechanisms, including by
increasing fructose. In children, the largest dietary source
of fructose (a lipogenic sugar) is CSBs [27], which provide
extra calories that are somehow “less recognized” than solid
food, and which replace milk and decrease calcium
consumption [28]. In a longitudinal study of girls, Fiorito
et al. [29] showed that CSB consumption is moderately
stable over time, that the increased BMI associated with this
consumption is durable, and that, when present in a 5-yearold child, increased BMI will persist into adolescence. Lim
et al. [30] prospectively followed young (3–5 years old)
African American children, and showed that increased fruit
juice and CSB intake at baseline predicted increased weight
gain at follow-up 2 years later. In the study by Fiorito et al.
[29], no associations with weight were found for fruit juice,
but the difference in the two studies likely is from the
length of follow-up, because fruit juice consumption
decreases as children age and thus would have less effect
in adolescents. Although the amount of CSB consumed in
childhood does not seem to be associated with BMI in
adulthood, in a 21-year, longitudinal study of Finnish
children [31], increases in CSB intake over time predicted
increased BMI in women, suggesting that the persistent
intake of CSB promotes weight gain.

Decreased Physical Activity
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Although individual physical activity behaviors and
feeding/eating behaviors predispose to obesity, many of
these behaviors occur together in the same family and likely
are synergistic. More evidence for the influence of maternal
BMI on the environment of the child comes from the study
by Gubbels et al. [32] in which they showed that
obesogenic behaviors occur in clusters in 2-year-old Dutch
children. They demonstrated that, even in these very young
children, TV watching was associated with increased
consumption of snacks and sugar-sweetened beverages,
and lower maternal education and higher maternal BMI
were associated with increased sedentary behavior and
snacking in the children. Papas et al. [33] studied the diets
of African American adolescent mothers and their children,
and found that diets were similar between parent and child
and that both consumed more sweets and less fruits and
vegetables than recommended. Both studies support that the
strong association between maternal BMI and child
overweight is at least partially mediated via the childraising behaviors of the mother.

Strategies for Childhood Obesity Prevention
Given that even where one lives influences the likelihood
of being overweight (South vs North, rural vs urban), it is
clear that obesity prevention is not simply an issue of
individual responsibility. Successful strategies for obesity
prevention need to effect change on the societal and
governmental levels, the community, school, and childcare
levels, and the individual and family levels. Although it
would appear that simply targeting the well-established
predictors, such as those discussed earlier, would be
effective, such may not be the case. Because of the
complexity of change and the clustering of obesogenic
habits, prevention is not straightforward. To be most useful,
successful strategies must be generalizable, durable, and
cost-effective. Unfortunately, few studies address the issue
of cost-effectiveness of their interventions.
Dodson et al. [34] evaluated enablers and barriers to
passing legislation that influenced childhood obesity prevention by interviewing legislators and their staff in 11
states. They found that factors promoting passage included
support from parents, physicians, and schools, sponsorship
by senior leaders, and national media exposure [34]. Not
surprisingly, barriers included lobbying by companies that
produce unhealthy foods and misunderstandings regarding
the legislation of school foods. In the United States, states
have substantial power over policies that affect child health,
particularly through governance of the school systems and
decision making about the transportation infrastructure,
safety improvements, and access to parks. To help guide
states and communities, the CDC in 2009 released a

comprehensive statement of recommended community
strategies for obesity reduction (Table 1) [35••]. For
guidance at all levels, in 2010, the US Department of
Health and Human Services released “The Surgeon General’s Vision for a Healthy and Fit Nation,” including a
concise list of individual healthy choices in the section on
opportunities (Table 2) [36].
School-Based Strategies
School-based programs have great opportunity to promote
healthy nutrition and physical activity because most
children attend school, and a child spends more than half
his/her waking hours at school on any given school day. A
2010 review of 23 home-based and preschool/childcarebased obesity prevention studies in children ages 0 to
5 years concluded that although the interventions varied
widely, most included multiple modalities to achieve
behavior change, and only some were successful on
behaviors that contribute to obesity, more often in the
preschool-based studies [37]. The authors note that many of
the preschool studies lack a parent component and
hypothesized that this may contribute to the lack of success.
Gonzalez-Suarez et al. [38] recently published a metaanalysis of school-based programs and found that, in
general, school-based programs were effective in preventing overweight/obesity and that longer programs (>1 year)
were more likely to be effective.
An example of a randomized, controlled study of a
school-based program is the “STOPP” school-based intervention study in Sweden, in which low-fat dairy and whole
grains were promoted at school and all sugar-sweetened
beverages were eliminated [39]. Children at intervention
schools were less likely to become overweight and had
healthier eating habits at home and school. Walther et al.
[40] demonstrated that aerobic capacity (VO2 max) can be
improved through school-based activity, and they showed a
trend toward improvement in BMI, although it was not
significant in this 1-year study. A randomized, controlled,
school-based trial of 12-year-old boys also showed benefits;
the boys who received two additional 20-min lunchtime
physical activity sessions per week plus some health
education had improved waist circumference, body fat,
and physical fitness level [41]. One recent school-based
study showed what does not work—Cullen et al. [42]
reported on the Free Fruit and Vegetable program in a
Houston, TX, high school and found that it had no impact
on student exposure and preference for fruits and vegetables. Ultimately, school-based programs need to be supported and integrated with community- and family-based
changes. This requires cooperative efforts and education—
possibly easier said than done. In an interesting focus group
study of student, parent, and teacher views, the authors
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Table 1 Recommended community-based strategies
•
•
•
•
•
•

Increasing availability of healthier foods and beverages in public service venues and restricting access to less healthy foods and beverages
Improving affordability of healthier food and beverage choices in public service venues
Improve geographic availability of supermarkets in underserved areas
Provide incentives to food retailers to offer healthier foods and beverages in underserved areas
Increase access to farmers’ markets
Increase incentives for use of foods from local farms

•
•
•
•
•
•
•
•
•
•
•
•
•

Limit advertising of less healthy foods and beverages
Discourage consumption of sugar-sweetened beverages
Increase support for breastfeeding
Require physical education in schools and increase amount of physical activity in such programs
Increase extracurricular physical activity
Reduce screen time in public service venues
Improve access to parks and other outdoor recreational facilities
Enhance infrastructure supporting bicycling and walking
Locate schools within easy walking distance of neighborhoods
Improve access to public transportation
Zone for mixed-use development
Enhance personal safety in areas where persons are or could be physically active
Participate in community coalitions or partnerships to address obesity

(Adapted from Khan et al. [35].)

found that all groups had attribution errors: the early
adolescents blamed their unhealthy behaviors on situational
factors, the teachers blamed the parents, and the parents
blamed their children [43].
Primary Health Care-Based Strategies
Because primary care physicians see children at regularly
scheduled well-child check-ups and are involved in parent
education to promote wellness in children, these visits
would seem to be an effective mechanism to prevent
obesity. However, simply implementing current guidelines
in the clinic is a challenge. Dorsey et al. [44] studied the
charts of children ranging in age from 3 to 18 years and
found that even when BMI was addressed at initial visits,
attention to BMI quickly dropped off, and by the fifth clinic
visit was only documented 27% of the time. Another study
reported that pediatricians felt the barriers included that the
Table 2 Recommended prevention strategies

(Adapted from US Department
of Health and Human Services
[36].)

•
•
•
•
•
•
•
•
•

parents were not motivated, the child was not motivated,
the parent was overweight, and the families had poor habits
(eg, eating fast food, not exercising) [45]. Interestingly,
only a minority of the pediatricians in this study knew the
correct definition and prevalence of obesity in children, and
less than half were familiar with the American Academy of
Pediatrics recommendations for exercise and juice consumption. Woolford et al. [46] developed a one-page tool to
facilitate physician assessment of obesity with parents of
preschoolers; however, only 23% of the 25 pediatricians
who tried the tool reported that they were very likely to
continue using it. The greatest barrier to its use was time.
The matter of time brings up the issue of cost-effectiveness
that was studied in an Australian randomized controlled
trial in which general practitioners intervened with overweight and obese children [47]. The researchers found that
the brief office counseling interventions were ineffective in
improving physical activity, nutrition, and BMI and that the

Reducing consumption of sodas and juice containing added sugars
Reducing consumption of energy-dense foods that primarily contain added sugars or added fats
Eating more fruits, vegetables, whole grains, and lean proteins
Controlling portions
Drinking more water
Choosing low-fat or nonfat dairy
Limiting TV viewing time and consider keeping TV out of children’s rooms
Becoming more physically active throughout the day
Breastfeeding exclusively to 6 months
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costs were high. Thus, although the pediatrician’s office
must be part of the solution, cost-effective systems and
strategies are needed if they are to have a positive impact.
Home-Based Programs
Because obesity occurs at all ages and usually clusters in
families, attention may need to shift from the individual to
the family as the unit of change and measurement [48].
Sonneville et al. [49] conducted an interesting focus group
study with parents to understand the barriers to and
facilitators of obesity prevention. The parents identified
numerous barriers, including child preference for the
current status, difficulty with other family members adopting the behaviors, and difficulty in committing to the
changes themselves. For facilitators, parents thought that
changing their own habits and shopping would facilitate
adherence as well as having better access to physical
activities to replace the TV time.
Home-based strategies to improve physical activity
have had varying success. In particular, changing screen
time seems difficult. In one US study, 67% percent of
racial/ethnic minority children age 2 to 13 years already
had a TV in their bedroom [50]. This situation is
particularly problematic, because parents believe that
having the TV already in the bedroom was difficult to
change [49]. Parents report that they use the TV to keep
their child occupied so they can do other things, to help the
child sleep, and to free up the other TV so other family
members can watch [50]. To change TV time, parents will
have to be convinced that health benefits outweigh the
inconvenience incurred. In one study to reduce television
time, they were able to achieve significant reductions in the
number of TVs in bedrooms, but the actual time spent
watching TV by the study subjects was unchanged despite
the 2-h workshop and newsletters [51]. Another strategy to
increase physical activity was more successful. Eiholzer et
al. [52] assigned two groups of 13-year-old boys to either
physical activity (playing hockey) with additional resistance training, or hockey alone. At the end of 4 months,
spontaneous physical activity among boys with resistance
training increased 25% and at 12 months was still
increased by 13%.
A reduction in added sugar has potential for benefiting
children. Ventura et al. [53] found that children who
reduced added sugars (by the equivalent of one soda) had
improved insulin and glucose levels, and children who
increased fiber had improved BMI and visceral fat. One of
the questions surrounding reduction of CSBs is whether a
child will compensate for those calories. Using nationally
representative data for 2 days of diet in children, Wang et
al. [54] estimated that replacing sweetened beverages with
water would result in an average reduction of 235 cal/day.

Although most studies continue to target a single level
(community, school, family, or individual), Gentile et al.
[55] attempted a multi-ecologic prevention study at the
family, community, and school levels in which the goals
were to increase fruits and vegetables, decrease TV time,
and increase physical activity. At the end of 6 months postprogram, they demonstrated success in increasing fruits and
vegetables and reducing screen time, but reported no effect
on BMI or physical activity in the intervention group.
However, 6 months may be too short a follow-up to expect
a change in BMI; it is hoped that the investigators will
reassess at a longer time point.

Conclusions
In summary, new research continues to add important details
to our understanding of the prevention of obesity in children,
including increased physical activity and improved nutrition.
One of the most important clarifications is the role of
maternal obesity—this influence may be the strongest
predictor of all, at least partially because overweight mothers
teach their children similar unhealthy habits. In this finding
lies an opportunity. If we can educate and improve the health
habits of young women before or near the time that they
decide to bear children, we could shift the epidemic. Another
central finding is that children who are high risk can be
identified early by parent BMI. Because no simple answers
are available and obesity prevention in high-risk children will
require multilevel, multicomponent interventions, focusing
on higher risk children may be a way to improve the costeffectiveness of such programs. Finally, family-based interventions early in a child’s life, before habits are set, are likely
to be most effective.
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