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Abstract
Childhood obesity has become an epidemic on a worldwide scale. This article gives an overview
of the progress made in childhood and adolescent obesity research in the last decade, with a
particular emphasis on the transdisciplinary and complex nature of the problem. The following
topics are addressed: 1) current definitions of childhood and adolescent overweight and obesity; 2)
demography of childhood and adolescent obesity both in the US and globally; 3) current topics in
the physiology of fat and obesity; 4) psychosocial correlates of childhood and adolescent
overweight and obesity; 5) the three major obesity-related behaviors, i.e. dietary intake, physical
activity and sleep; 6) genes components of childhood and adolescent obesity; 7) environment and
childhood and adolescent obesity; and 8) progress in interventions to prevent and treat childhood
obesity. The article concludes with recommendations for future research, including the need for
large-scale, high dose and long-term interventions that take into account the complex nature of the
problem.

Introduction
More than a decade ago, the World Health Organization (1997) declared obesity to be a
global epidemic and proposed a set of strategies to prevent further rises in obesity rates. In
2001 the United States Surgeon General published a call to action to prevent and decrease
overweight and obesity (U.S. Department of Health and Human Services, 2001). However,
obesity prevalence has continued to rise exponentially in youth as well as adults. Childhood
(or childhood and adolescent) obesity has been related to a host of adverse proximal and
distal health outcomes, including high cholesterol and triglycerides, hypertension
(Freedman, Dietz, Srinivasan, & Berenson, 1999), insulin resistance (Shaibi & Goran,
2008), type 2 diabetes (Pinhas-Hamiel & Zeitler, 1996), the metabolic syndrome, polycystic
ovarian syndrome, nonalcoholic fatty liver disease (Cruz, et al., 2005) as well as breast,
colorectal and some other cancers (Calle & Kaaks, 2004).

Childhood and adolescent obesity is a strong predictor of adult obesity. One study in a
predominantly white US population found that in children 10 to 15 years-old, 80% of obese
youth were obese by age 25 (Whitaker, Wright, Pepe, Seidel, & Dietz, 1997). In a recent
review that included 25 longitudinal studies from around the world, each and every study
showed that overweight and obese youth were at significantly increased risk of becoming
overweight adults (Singh, Mulder, Twisk, van Mechelen, & Chinapaw, 2008). Evidence is
convincing that childhood obesity is not a transient developmental phenomenon, but one that
sustains adverse consequences over the entire lifespan.

The rise in childhood and adolescent obesity is not only deleterious to individual health, but
comes at increasing cost to the public. Between 1998 and 2006 the medical burden of
obesity increased from 6.5 percent to 9.1 percent of annual medical spending (Finkelstein,
Trogdon, Cohen, & Dietz, 2009). The per capita medical spending for an obese person is
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roughly 42 percent higher than for a person of normal weight (Finkelstein, et al., 2009), and
outranks the health costs of both smoking and drinking alcohol (Sturm, 2002).
Understanding, preventing and treating childhood and adolescent obesity is therefore a top
public health priority (Koplan, Liverman, & Kraak, 2005).

This article gives an overview of progress in childhood and adolescent obesity research in
the last decade (1999–2009), and covers the following topics: 1) current definitions of
childhood and adolescent overweight and obesity; 2) demography of childhood and
adolescent obesity both in the US and globally; 3) current topics in the physiology of fat and
obesity; 4) psychosocial correlates of childhood and adolescent overweight and obesity; 5)
the three major obesity-related behaviors, i.e. dietary intake, physical activity and sleep; 6)
genetic components of obesity, 7) environment and childhood and adolescent obesity, and
concludes with: 8) a discussion of interventions to prevent and treat childhood obesity in the
last decade, and the extremely difficult task of changing human behavior. Because
childhood and adolescent obesity is a vast, complex and transdisciplinary field that involves
complex interactions between many factors, this review is necessarily selective. It is meant
to provide readers from disparate backgrounds with a common vocabulary and a series of
small windows on otherwise vast repositories of research and inquiry.

Defining Childhood and adolescent Obesity
Obesity is generally defined as an excess of body fat. However, there is no clear delineation
between how much fat is normal and how much fat is abnormal. Furthermore, body fat is
difficult and expensive to measure directly in large samples. Therefore, obesity is often
defined as excess weight after adjusting for height. Body Mass Index (BMI, calculated as
weight in kg/ height in m2) is used in adults to ascertain obesity status, and a BMI ≥ 30 is
considered obese. However, because children are growing, the age and gender of the child
must be taken into account in order to evaluate a child’s obesity status. In 2000, the Centers
for Disease Control and Prevention (CDC) published age and gender specific BMI
percentile growth curves for youth from 2–20 years of age (Kuczmarski, et al., 2002). These
Body Mass Index growth curves were based on nationally representative and ethnically
diverse samples and took age as well as gender into account. The 2000 CDC growth curves
replaced the National Center for Health Statistics growth charts that had been in use since
1977.

Terminology
To avoid stigmatization, the 2000 CDC growth curves were accompanied by the
recommendation that youth between the 85th and 94th age and gender specific BMI
percentile be referred to as ‘at risk for overweight’ and those at or above the 95th percentile
be referred to as ‘overweight’ (Kuczmarski & Flegal, 2000). In 2005, an expert committee
convened by the American Medical Association, Health Resources and Service
Administration and the CDC advised that the term ‘at risk of overweight ’ (between the 85th

and 94th age and gender specific BMI percentile) be replaced with ‘overweight’ and that the
term ‘overweight’ (≥ the 95th age and gender specific BMI percentile or with a BMI > 30,
whichever is lower) be replaced by ‘obese’, in order to more accurately reflect the serious
health risks associated with excess body fat (Barlow & and the Expert Committee, 2007).
This manuscript adheres to the expert committee’s terminology. These cutoffs are based on
data from United States populations and are not necessarily appropriate for evaluation of
childhood and adolescent obesity in international samples. To address this issue, the
International Obesity Task Force (IOTF) (Cole, Bellizzi, Flegal, & Dietz, 2000) developed
separate cutoffs for overweight and obesity based on data from international samples.
However, the use of different cutoffs creates challenges in terms of comparing data
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internationally, particularly because the IOFF cutoffs correspond to higher BMIs than the
US cutoffs.

Demography of Childhood and adolescent Obesity
Setting the stage

In the last three decades, obesity rates have tripled in youth aged 6–12 (Ogden, Flegal,
Carroll, & Johnson, 2002). Between 1986–1998, data from the National Longitudinal
Survey of Youth (NLSY) showed that obesity in children ages 4–12 years of age had
increased by more than 120% among African Americans and Hispanics, and by more than
50% among whites. The relative weight of obese children had also increased by 144%.
Thus, not only the prevalence, but also the severity of obesity had increased significantly
between 1986–1998 (Strauss & Pollack, 2001).

The last decade: 1999–2009
The 1999–2000 NHANES data demonstrated continuing increases of overweight and
obesity in youth between 1994 and 2000, showing an overall prevalence of obesity in 2–5
year-olds at 10% and in 6–19 year-olds at 15% (Ogden, et al., 2002). There were significant
differences according to ethnicity. For instance, among 12–19 year-olds, the prevalence of
obesity was 23.6% in non-Hispanic blacks, 23.4% in Mexican Americans, and 12.7% in
non-Hispanic whites. NHANES data from 2003–2004 showed a significant increase in the
prevalence of obesity in girls (from 13.8% in 1990–2000 to 16% in 2003–2004) and boys
(from 14% to 18.2%) (Ogden, et al., 2006). The report on NHANES data from 2004–2006
did not show a continuing trend for increased obesity prevalence through 2006 (Ogden,
Carroll, & Flegal, 2008). The report on the NHANES 2007–2008 data included a third
category: High BMI (≥ the 97th percentile). This report showed that United States children
continued to exhibit a high body mass index for age, with a significant increase only in boys
with high BMI. BMI percentile differed significantly by ethnicity, with Hispanic boys more
likely to have higher BMI at all 3 BMI cut points compared with non-Hispanic white boys,
and non- Hispanic black girls more likely than to have high BMI at all 3 BMI cut points
non-Hispanic white girls. According to this data, approximately one third of all US children
are currently considered either overweight or obese (Ogden, Carroll, Curtin, Lamb, &
Flegal, 2010) (see figure 1).

A note on measurement
In light of the importance of total body fat as well as the location of different fat depots, it is
crucial to keep in mind that BMI and BMI percentiles are only proxy measures for adiposity
(Barlow & and the Expert Committee, 2007). There are measures of body fat that also give
some information on fat deposition, including dual X-ray absorptometry or DXA , air-
displacement plethysmography or BodPod (Fields & Goran, 2000) and magnetic resonance
imaging (Hu, Kim, Nayak, & Goran, 2009). These measures are extremely informative;
however, they are expensive and can be somewhat invasive to obtain. Less precise, but also
less invasive measures, include bioelectrical impedance (a proxy for total body fat) (Sung,
Lau, Yu, Lam, & Nelson, 2001) and waist circumference (a proxy for visceral fat)
(Fernández, Redden, Pietrobelli, & Allison, 2004).

Childhood and adolescent obesity: A global crises
In 2004, the International Obesity Task Force (IOTF) released a report stating that 1 in 10
children were overweight, for a worldwide total of 155 million. Around 30–45 million of
those were classified as obese - accounting for 2–3% of the world’s children aged 5–17
(Lobstein, Baur, & Uauy, 2004).In 2006, using the most recent data made available by the
IOTF, Wang and Lobstein (2006) projected that 46.4% of youth in the Americas would be
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overweight or obese by 2010, 41.7% in Eastern Mediterranean countries, 38.2% in Europe,
22.9% in South East Asia and 27.2% in the Western Pacific nations. Data was not available
to reliably project the prevalence of overweight or obese children in Africa. Figures 2a and
2b show current data on the global epidemic of childhood overweight and obesity (at or
above the 85th percentile) for males and females by country. Data from earlier than 1995
could not be retrieved for countries in grey. Data ranged from 1995 (Ethiopia, Iran) to 2007
(Australia). Data came from the IOTF (2009) (made available July 21st, 2009), except for
Russia (Wang, Monteiro, & Popkin, 2002), Israel and Lithuania (Lissau, et al., 2004). BMI
percentile was calculated for most countries, including the United States, using the IOTF
cut-offs (Cole, et al., 2000)

Socioeconomic status and obesity
Obesity rates are influenced by socio-economic status (SES) and economic context
(Goodman, 1999). This relationship is highly complex and a full review is beyond the scope
of this manuscript. Many of the risks for childhood and adolescent obesity that are discussed
in this article are negatively influenced by low socioeconomic status, making it difficult to
sort out the effects of socioeconomic status alone. Thus, for instance, youth from lower
socioeconomic status are less likely to have access to safe places to play (Gordon-Larsen,
Adair, & Popkin, 2003) and available, affordable healthy food choices (Ver Ploeg, et al.,
2009). Lower socioeconomic youth also more likely to be of minority status, which is in and
of itself a risk factor for childhood and adolescent obesity (Ogden, et al., 2010).

The relationship between socioeconomic status and obesity is particularly salient when
making global comparisons (Wang & Lobstein, 2006). For centuries, ‘plumpness’ was
viewed as a sign of wealth, and in middle-income countries, members of wealthier
households are still more likely to be overweight. However, in developed, higher income
Western nations, there has been a marked shift in the relationship between SES and
childhood and adolescent obesity, and overweight is most prevalent in the lower SES
groups. A review of 34 studies in youth conducted between 1941–1989 found a positive,
direct relationship in 26% of the studies, with higher SES related to higher BMI (Sobal &
Stunkard, 1989). There was no association in 38% of the studies, and an inverse relationship
in 36% of the studies. In a recent review of 45 studies between 1989–2008, higher SES was
no longer associated with higher BMI in any of the studies. In 27% of the studies there was
no relationship between SES and BMI, while 45% showed an inverse relationship, and 31%
showed either no association or inverse associations, depending upon the population
subgroup (Shrewsbury & Wardle, 2008). Thus, overweight is no longer associated with
‘plenty’ in developed countries. Rather, having the resources and access to eat well, exercise
safely and receive adequate health care is now associated with lower adiposity in developed
countries.

The prevalence of overweight and obesity continue to remain low in many lower income
countries. However, this trend can reverse rapidly in the face of economic development that
is inevitably accompanied by higher availability of motorized transportation, energy dense
foods, small screen technologies and other obesogenic environmental influences (Popkin,
2009).

Physiology of obesity and its health consequences: Fat, gut and brain
One might ask: Why is fat bad (Bergman, et al., 2006)? The last decade has seen an upsurge
of research aimed at understanding the mechanisms linking energy imbalance and obesity to
disease risk.
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Fat as an active endocrine organ
Excess calories are stored in fat cells, or adipocytes, leading to greater cell size
(hypertrophy) and/or increased numbers of adipocytes (hyperplasia) (de Ferranti &
Mozaffarian, 2008). Although the main purpose of adipose tissue was long thought to be for
energy storage and thermal insulation, research now shows that adipose tissue secretes
several major hormones and signaling factors that include adipokines, inflammatory
mediators, and free fatty acids (FFAs) (Bastard, et al., 2006; Kriketos, et al., 2004; Krug &
Ehrhart-Bornstein, 2005; Woods & Seeley, 2000). To regulate food consumption, the brain
modulates appetite, and the core of appetite regulation lies in the gut-brain axis, which is
sensitive to increases in adiposity (Cummings & Overduin, 2007). Several adipokines
secreted by adipose tissue, such as leptin, contribute to the regulation of food intake (Korner
& Leibel, 2003; Neary, Goldstone, & Bloom, 2004; Woods, 2004). These apidokines
function in complex, evolved systems, together with gastrointestinal peptides and
neuropeptides, to signal the brain to regulate appetite and energy intake (Markward,
Markward, & Peterson, 2009). Higher levels of several of these circulating adipokines are
related to adverse health outcomes, including type 2 diabetes and atherosclerosis (de Ferranti
& Mozaffarian, 2008).

It is now recognized that obesity also leads to a physiological state of chronic inflammation,
which is attributed to elevated plasma levels of inflammatory markers (cytokines) such as
tumor necrosis factor ∞ (TNF∞) and interleukin 6 (IL-6), many of which are secreted by
adipocytes themselves (Bastard, et al., 2006). Although acute inflammation is a signal of the
body’s healing processes, chronic inflammation is linked to several diseases including type 2
diabetes and the metabolic syndrome (Juge-Aubry, Henrichot, & Meier, 2005; Krug &
Ehrhart-Bornstein, 2005). Finally, elevated FFA concentrations reduce muscle glucose
uptake (Randle, 1998; Randle, Garland, Hales, & Newsholme, 1963), increase liver glucose
production (Lam, et al., 2003; Yoshii, et al., 2006) and stimulate insulin secretion (Bergman,
et al., 2006; Boden, 2005), contributing to a cascade of effects that can increase insulin
resistance (Randle, 1998).

What is insulin resistance?
Insulin resistance is a failure of insulin to act normally on these targeted tissues, which
hampers glucose uptake and conversion (Frayn, 2007). It is associated with a cluster of risk
factors for cardiovascular disease and type 2 diabetes. Increased adiposity, particularly
visceral adiposity (fat accumulated around abdomen), is directly related to insulin resistance
in both adults (Fujioka, Matsuzawa, Tokunaga, & Tarui, 1987; Kissebah, et al., 1982) and
youth (Goran, 2001). Insulin resistance, in turn, has been directly related to a host of
diseases, including cardiovascular disease, type 2 diabetes, and cancer (DeFronzo &
Ferrannini, 1991; Jee, Kim, & Lee, 2005). In healthy youth, after consumption of a meal,
carbohydrates (both starches and complex sugars) in the food are directly broken down into
glucose molecules, which pass into the bloodstream. At a certain concentration of glucose,
the pancreas is stimulated to release insulin into the bloodstream. Insulin must then cross the
capillary endothelium and attach to insulin receptors on muscle cells, adipose tissue and
other organs, allowing the uptake of the glucose and conversion of glucose to energy.
Increased adiposity can increase FFA levels, which force liver, muscle and other tissues to
shift towards increased storage and oxidation of fats for their energy production, leading to a
reduced capacity of these tissues to absorb, store and metabolize glucose (Randle, et al.,
1963).

Insulin resistance might thus develop as a metabolic adaptation to increased circulating
levels of free fatty acids (FFAs) (Calle & Kaaks, 2004), which, as we have seen, are
constantly released from adipose tissue (Bergman & Ader, 2000). If the pancreas fails to
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produce enough insulin to compensate for this insulin resistance, or if the insulin receptors
fail to function properly, glucose uptake and conversion may be disrupted. Insulin resistance
is compensated by hyperinsulinemia, i.e. increased pancreatic insulin secretion by the beta
cells and/or decreased clearance of insulin by the liver (Bergman, 2005; Bergman, Prager,
Volund, & Olefsky, 1987). When beta cells fail to compensate, type 2 diabetes can ensue.
Insulin resistance in youth can be ameliorated through exercise, including aerobic (Bell, et
al., 2007) and resistance training (Shaibi, et al., 2006), and through caloric restriction
(Monzillo, et al., 2003). Interventions that reduce added sugar consumption (Davis, Ventura,
et al., 2007) or emphasize low glycemic index foods (Ebbeling, Leidig, Sinclair, Hangen, &
Ludwig, 2003) have shown some promise but require further testing.

Pubertal insulin resistance
Both cross-sectional and longitudinal studies show that youth become transiently insulin
resistant during pubertal development. Transitions from Tanner pubertal development stage
1 (pre-pubertal) to Tanner pubertal development stage 3 (females: enlarged breast and
aroela, males: penis growth in length, less in width, some pubic hair in both sexes)(Marshall
& Tanner, 1969, 1970) is associated with an approximate 30% decrease in insulin sensitivity
(Goran, Ball, & Cruz, 2003). This profound decline occurs regardless of gender, ethnicity
and obesity status (Amiel, Sherwin, Simonson, Lauritano, & Tamborlane, 1986; G. Ball,
Huang, Gower, & Goran, 2006; Ball, et al., 2005; Goran & Gower, 2001; Hoffman, Vicini,
Sivitz, & Cobelli, 2000; Moran, et al., 1999; Travers, Jeffers, Bloch, Hill, & Eckel, 1995).
However, there is an independent effect of minority status on pubertal insulin resistance.
Minority youth, including African Americans, Hispanics, Pima Indians, and Asians, are
more insulin resistant than their white counterparts. In most studies, this is true regardless of
adiposity, diet and physical activity (Arslanian & Suprasongsin, 1996; Arslanian,
Suprasongsin, & Janosky, 1997; Arslanian, Saad, Lewy, Danadian, & Janosky, 2002; Goran,
Cruz, Bergman, & Watanabe, 2002; Goran, Herd, & Gower, 2000; B. A. Gower, Nagy, &
Goran, 1999; Gower, Nagy, Trowbridge, Dezenberg, & Goran, 1997; Klein, et al., 2004;
Misra, et al., 2004; Svec, et al., 1992; Young-Hyman, Schlundt, Herman, De Luca, &
Counts, 2001). Interestingly, a recent study in 44 white and 46 African American
participants showed that the influence of genetic factors as reflected by African genetic
admixture (AfADM) on insulin sensitivity was superseded by adiposity (Casazza, et al.,
2009). This demonstrates that there is a strong and independent influence of adiposity on
pubertal insulin resistance, (Cruz, et al., 2005; Roemmich, et al., 2002; Steinberger, Moran,
Hong, Jacobs, & Sinaiko, 2001). In summary, puberty, minority status and adiposity exert
independent influences on the severity of pubertal insulin resistance.

Psychosocial correlates and consequences of childhood and adolescent
obesity
Setting the stage

It has been known for several decades that overweight and obese youth are subject to
stigmatization, particularly in Western cultures (Kimm, et al., 1997; Tiggemann &
Anesbury, 2000). A longitudinal study in a nationally representative sample showed that
women who were obese as adolescents consequently grew up to have lower education,
income, and likelihood of marriage compared with their thinner counterparts (Gortmaker,
Must, Perrin, Sobol, & Dietz, 1993). Obese youths experience discrimination throughout
their lives, including experiencing lower admission rates into college (Canning & Mayer,
1966). Overweight has been associated with increased experiences of anxiety, depression,
suicidal thoughts, body dissatisfaction and hopelessness (Lobstein, et al., 2004), particularly
in Western youth (Ge, Elder, Regnerus, & Cox, 2001). A landmark study in 1967 in 90
youth aged 6–11 showed that children attributed negative personality characteristics such as
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cheating, laziness, sloppiness, lying, naughtiness, meanness, and being ugly, dirty and stupid
to overweight body types (Staffieri, 1967). These results were replicated in 2001 (Latner &
Stunkard, 2001) showing that, although pediatric obesity has become increasingly common,
the negative social reaction to obesity has not abated with its increased prevalence. In fact,
emerging research techniques that allow for complex analyses of social networks have been
able to examine friendship networks, and have shown that overweight and obese children
have fewer friends than their normal weight counterparts (Strauss & Pollack, 2003; Valente,
Fujimoto, Chou, & Spruijt-Metz, 2009).

The last decade – 1999–2009
One important development in transdisciplinary pediatric obesity research in the last decade
involves the reciprocal relationships between stress and obesity. Twenge has shown that
today’s youth suffer from increased anxiety relative to those of the past (Twenge, 2000). In
particular, inner-city, minority youth are frequently exposed to specific environmental
factors that are also linked to chronic stress, including crime, disturbed family and social
connections, racial discrimination, and lower SES (Baum, Garofalo, & Yali, 1999; Williams,
1999). A lower SES is clearly related to increased obesity in both adults and adolescents
(Everson, Maty, Lynch, & Kaplan, 2002; E. Goodman, Slap, & Huang, 2003; Treiber,
Harshfield, Davis, Kapuku, & Moore, 1999). Stress often results in a preference for, and the
ingestion of increased calories, fat, and calorically dense snack-type foods (McCann,
Warnick, & Knopp, 1990; Nguyen-Michel, Unger, & Spruijt-Metz, 2007; Oliver, Wardle, &
Gibson, 2000; Wardle, Steptoe, Oliver, & Lipsey, 2000). These associations provide some
explanation for Roemmich et al’s (2007) findings that a change in perceived stress was
predictive of BMI percentile, such that stress-induced excess energy intake, particularly of
energy-dense “comfort” foods can lead to increased BMI. Further, research with minority
adolescents has shown an association between perceived stress and emotional eating (eating
in response to negative affect, not hunger), regardless of weight status (Nguyen-Rodriguez,
Chou, Unger, & Spruijt-Metz, 2008)

Dallman and colleagues have proposed a physiological explanation for the association
between stress and the ingestion of energy-dense foods as well as its link to obesity
(Dallman, et al., 2003). Stress activates the hypothalamic pituitary axis (HPA) thereby
releasing glucocorticoids, including cortisol. Chronically high concentrations of these
glucocorticoids have been shown to increase the expression of corticotropin-releasing factor
mRNA in the central nucleus of the amygdala, which plays an important role in processing
emotion. This enables recruitment of a ‘chronic stress response network’, which induces a
chronic elevation of glucocorticoids, which in turn increase the salience of pleasurable or
compulsive activities such as ingestion of sucrose, fat, or other ‘comfort foods.’ At the same
time, glucocorticoids foster the development of central adiposity. This occurs via
neuroendocrine mechanisms, indicating that chronic stress may result in increased visceral
adiposity, insulin resistance, and metabolic syndrome (the presence of at least three of the
following abnormalities: abdominal obesity, hypertriglyceridemia, low HDL cholesterol,
hypertension and/or impaired glucose tolerance (Cruz, et al., 2004; Bjorntorp & Rosmond,
2000a, 2000b; Charmandari, Kino, Souvatzoglou, & Chrousos, 2003; Chrousos, 2000;
Pasquali & Vicennati, 2000). This area of research has sparked the development of
innovative intervention modalities that aim to reduce childhood and adolescent obesity
through helping youth to reduce stress (Weigensberg, et al., 2009).

Behavioral determinants of obesity: Advances in research on diet in youth
Over the last several decades, an increase in variety, availability, price and aggressive
marketing have encouraged a shift in children’s food choices from healthy foods such as
fruit and vegetables to energy-dense, refined foods including fast-foods and sugar-laden

Spruijt-Metz Page 7

J Res Adolesc. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



beverages (Chopra, Galbraith, & Darnton-Hill, 2002). The energy balance equation (Woods
& Seeley, 2005) holds that obesity is the consequence of chronic positive energy imbalance.
In otherwise healthy youth, this occurs when more energy is consumed than expended. One
fast-food meal (including a double cheeseburger, french fries, soft drink, and dessert)
contains a total of about 2200 kilocalories. To put this into perspective, let’s assume that a
runner burns 85 kilocalories per mile, this caloric load would take a full marathon to burn
off (Ebbeling, Pawlak, & Ludwig, 2002).

It is not merely the fact that children and adolescents are exceeding recommended caloric
intake (Wright, Wang, Kennedy-Stephenson, & Ervin, 2003). Nutrient makeup of food also
seems to matter. For decades, (over-) consumption of dietary fat was believed to be the main
cause of obesity (Rolls & Shide, 2009). Indeed, one gram of carbohydrate or protein yields 4
kilocalories, while one gram of fat yields 9 kilocalories. However, new evidence suggests
that it is not (over-) consumption of dietary fat per se, but maternal obesity during
pregnancy, that pre-programs children to be susceptible to dietary fat (White, Purpera, &
Morrison, 2009). Furthermore, the association between dietary fat and adiposity in children
has not been consistently shown, and the prevalence of obesity has increased while the
proportion of total calories consumed from fat in the diet of US children has actually
decreased (Ebbeling, et al., 2002). Many of the packaged foods currently marketed as ‘low
fat’ or ‘all natural’ are extremely high in their total calorie content (Maziak, Ward, &
Stockton, 2008). Furthermore, lower fat intake may be related to higher sugar intake
(Gibson, 1996; Gregory, Foster, Tyler, & Wiseman, 1990; McColl, 1988). Thus, it is not
merely the high caloric content of children’s diets, but also the type of nutrients consumed
that are having a direct influence on childhood and adolescent obesity. In particular, the shift
to high sugar, low fiber diets might have a strong effect on obesity and related diseases.

Soda intake is a topic of particular interest at the moment for the media and research
communities. There have been several studies showing that soda consumption is related to
adiposity in youth (Berkey, Rockett, Field, Gillman, & Colditz, 2004; Ebbeling, et al.,
2006), although one recent review found no significant relationship (Forshee, Anderson, &
Storey, 2008). This might be because sugar-laden drinks alone do not account for the high
levels of added sugars in children’s diets today. Our group has shown cross-sectionally that
total added dietary sugars, and not dietary fat or glycemic index, are directly related to
adiposity in Latino youth (Davis, Alexander, et al., 2007). In a 16-week nutrition and
strength training intervention in 54 overweight Latino youth, those who reduced sugar intake
by an amount approximately equivalent to the sugar content of one soda per day improved
insulin secretion and glucose uptake (Ventura, et al., 2009). Furthermore, those participants
who increased their dietary fiber intake by the equivalent of approximately ½ cup of beans
decreased their BMI by 2% and visceral fat by 10% over the 16-week period (Ventura, et al.,
2009). Finally, regular breakfast consumption is inversely related to visceral fat (Alexander,
et al., 2009) and BMI (Timlin, Pereira, Story, & Neumark-Sztainer, 2008) in youth. Taken
together, this literature suggests that encouraging energy restriction can best be accompanied
by recommendations that also include the reduction of added dietary sugars, increase in total
fiber, and regular consumption of breakfast.

Behavioral determinants of obesity: Advances in research on physical
activity in youth

Physical activity is important during youth not only because it can prevent and reduce
obesity (Bergman, Ader, Huecking, & Van Citters, 2002; Goran, Reynolds, & Lindquist,
1999), but it also reduces the risk for cardiovascular disease (Ruiz & Ortega, 2009) and type
2 diabetes (Diabetes Prevention Program Research, 2002). Physical activity can reduce
breast cancer risk by as much as 40%, particularly with sufficient exercise during
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childbearing years (McTiernan, et al., 2003; Patel & Bernstein, in press; Thune, Brenn,
Lund, & Gaard, 1997; Verloop, Rookus, van der Kooy, & van Leeuwen, 2000). Physical
activity can also improve mental health and well-being in youth (Connor, 2004).

The research on physical activity in youth in the last decade has been driven by vast
improvements in measurement methodologies (Spruijt-Metz, et al., 2009; Troiano, 2005).
The broader use of objective measures of physical activity, particularly the use of
accelerometers (small electronic devices that measure acceleration caused by bodily
movement, usually worn on a belt at the waist) in nationally representative samples of
youth, has provided much deeper insight into the epidemiology of physical activity in youth.
And, taking into account the 2008 recommendations for 60 minutes of moderate to vigorous
physical activity (MVPA) per day for youth under 18 (Physical Activity Guidelines
Advisory Committee, 2008), the findings are grim. Only 48.9 % of boys and 34.7 % of girls
aged 6–11 meet the physical activity guidelines (Troiano, et al., 2008). Longitudinal data
shows that physical activity declines by 37.6 minutes per year between the ages of 9–15
(Nader, Bradley, Houts, McRitchie, & O'Brien, 2008, 2009), with only 11.9 % of boys and
3.4% of girls meeting the guidelines by ages 12–15 (Troiano, et al., 2008). The complex bio-
behavioral and socio-cultural etiology of this pubertal decline in physical activity is not yet
well understood. Once this decline in physical activity occurs, it does not reverse. Figure 3
shows cross-sectional evidence for the pubertal decline in physical activity in a nationally
representative sample of over 6000 participants.

In a data from 3,698 youth participating in the 2003-4 and 2005-6 National Health and
Nutritional Examination Survey, our group recently showed that obese youth recorded less
MVPA than overweight youth, and both obese and overweight youth recorded less activity
than normal weight youth, with some differences according to ethnicity (see Figure 4)
(Belcher, et al., in press). White youth recorded the fewest mean minutes of MVPA and
African American youth recorded the most minutes of MVPA. The difference between boys
and girls was pronounced. Females recorded about 27 fewer minutes per day of MVPA than
males, which can be equated with approximately 600 kg per day (Ekelund, et al., 2006).

Research on Sedentary Behavior
Another major advance in physical activity research is the serious attention that is being
given to sedentary behaviors, i.e. as television viewing, computer use, video gaming and
other small screen recreation and other low intensity/low energy-expenditure activities
(Hardy, Bass, & Booth, 2007; Must & Tybor, 2005). This is important because the amount
of time spent in sedentary activity has been independently associated with increased obesity,
(Andersen, Crespo, Bartlett, Cheskin, & M. Pratt, 1998; Jago, Baranowski, Baranowski,
Thompson, & Greaves, 2005) risk for cardiovascular disease (Raitakari, et al., 1994), and
metabolic syndrome (Hsu, et al., 2009) in youth. Minority youth watch more TV and spend
more time in sedentary pastimes than their white counterparts (Andersen, Crespo, Bartlett,
Cheskin, & Pratt, 1998; Eisenmann, Bartee, & Wang, 2002). In a representative sample of
US youth, time spent in sedentary behaviors measured objectively by accelerometry,
increased with age, with girls being significantly more sedentary than boys (Matthews, et al.,
2008) (Figure 5).

Taken together, recent research on physical activity and sedentary behavior in youth
suggests that innovative interventions to increase physical activity are needed, and that
targeting a decrease in sedentary behavior may be equally as important.
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Behavioral determinants of obesity: Advances in research on sleep in
youth

Another advance in the literature is growing recognition of the third pillar of metabolic
health: Sleep. The risk for obesity is nearly three times higher for children who sleep less
than eight hours per night (Sekine, et al., 2002), and a short sleep cycle leads to same year
increases in BMI in adolescent females (Berkey, Rockett, & Colditz, 2008). At the same
time, sleep deprivation has also increased in youth, with > 33% of teens getting less than the
recommended 9 hours of sleep with objective evidence of increasing daytime sleepiness
(Carskadon, Wolfson, Acebo, Tzischinsky, & Seifer, 1998). Sleep deprivation can lead to
increased hunger for high energy-dense foods (Spiegel, Leproult, et al., 2004; Spiegel,
Leproult, Tasali, Penev, & Van Cauter, 2003). Shortened sleep patterns have also led to an
increase in ghrelin and a decrease in leptin (Spiegel, Tasali, Penev, & Van Cauter, 2004;
Spilsbury, et al., 2004; Taheri, Lin, Austin, Young, & Mignot, 2004). While ghrelin is a
hormone that stimulates appetite, leptin conversely signals satiety. This highlights the
implications for increased obesity - short sleep can lead to increased energy intake, which
can lead to overweight/obesity if not counteracted by an equal increase in energy
expenditure. Insufficient sleep has also been related to decreased levels of physical activity
in adolescents (Gupta, 2001). Chaput and colleagues (2008) found that both short sleep and
long sleep present a risk for future weight gain, even after adjusting for dietary intake and
physical activity. Finally, experimental sleep deprivation of healthy, young adults causes
elevations of evening cortisol levels, reduced glucose tolerance, and an altered profile of
growth hormone secretion (Leproult, Copinschi, Buxton, & Van Cauter, 1997; Spiegel,
2008; Spiegel, Leproult, & Van Cauter, 1999; Van Cauter, 1992; Van Cauter, et al., 2007). It
is thus clear that obesity prevention and treatment efforts that aim to increase physical
activity, decrease sedentary behavior and improve dietary habits should be accompanied by
efforts to improve sleep.

Several socio-environmental changes in the last decade have been hypothesized to adversely
affect sleep onset and duration in youth, including nighttime technology use (Calamaro,
Mason, & Ratcliffe, 2009) and increased stress and anxiety (Bruusgaard, Smedbraten, &
Natvig, 2000; Twenge, 2000). Thus, interventions to improve sleep in youth might consider
environmental modifications, such as the removal of technology from the bedroom, as well
as methods to help children reduce stress.

Genetic influences on childhood and adolescent obesity
The complex system that regulates body fat, described earlier, comprising multiple pathways
and systems involved in energy homeostasis, is susceptible to genetic regulation at each
junction (Butte, Bacino, Cole, & Comuzzie, 2006). Except for very rare instances where
obesity can be related to one genetic mutation (Bochukova, et al., 2009), obesity is an
oligogenic disorder attributed to multiple genes whose expression is modulated by gene-
gene and gene-environment interactions (Butte, et al., 2006). The prevalence of obesity is
increasing far to rapidly to attribute everything to evolutionary changes in the gene pool
(Grilo & Pogue-Geile, 1991; Hewitt, 1997), and the inventory of genes that influence
obesity in children may only partially overlap with those that influence obesity in adults
(Hebebrand & Thiesen, 2005). Different genes may be selectively activated or repressed as
part of childhood development or as plastic responses to changing environmental conditions.
Furthermore, there exists a profound mismatch between our genetic background and the
current environment. Therefore, it might be more accurate to say that adiposity is
determined by the interaction between the genetic makeup of an individual and the
environment in which that person is living, along with their behavior and physiology (Smith
& Ravussin, 2005). According to the ‘thrifty genotype’ hypothesis, people prone to
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overconsumption, efficient energy storage and energy conservation were more likely to
survive and thus successfully propagate ‘thrifty’ genes (Neel, 1962). However, these ‘thrifty
genes’ are maladaptive to our current obesigenic environment, which encourages the
consumption of energy dense, highly palatable, nutrient poor foods in large portions, and
discourages expenditure of energy through reductions in physical education time, motorized
transportation, and increased time spent in sedentary behaviors, including television and
small screen time (Hill & Peters, 1998; Hill, Wyatt, Reed, & Peters, 2003). Thus, some
people are more susceptible to this obesigenic environment than others. Therefore, the
epidemic in childhood and adolescent obesity that we have seen over the past two decades is
likely due to susceptibility genes exerting their influence in an environment that is highly
permissive, rather than to changes in the human gene pool (Butte, et al., 2006).

Built and social-environmental influences on childhood and adolescent
obesity

There has been an upsurge of research on the influence of the built environment on obesity
and obesity-related behavior in recent years (Sallis & Glanz, 2006). The ‘built environment’
has come to refer to the many forms of surroundings that influence human activity. Physical
activity levels of youth may depend on environmental features that encourage or discourage
physical activity, such as access to recreational facilities, walkability of the environment and
low neighborhood crime rates (Davison & Lawson, 2006; Ferreira, et al., 2007). The school
environment, including availability of healthy foods and professionally led physical activity
classes, also plays an important role in childhood and adolescent obesity (Story, Nanney, &
Schwartz, 2009). Physical activity levels are inversely related to a low socio-economic
status (Gordon-Larsen, McMurray, & Popkin, 2000; Sallis, Zakarian, Hovell, & Hofstetter,
1996), and this might be due in part to an inequality in community tax base and fiscal health,
amenity levels in neighborhood environments, and access to these key public facilities and
services such as recreation facilities (Joassart-Marcelli, Musso, & Wolch, 2005). A recent
review of built-environmental influences on children’s physical activity showed that levels
in youth are positively associated with publicly provided recreational infrastructure (access
to recreational facilities and schools) and transport infrastructure (presence of sidewalks and
controlled intersections, access to destinations and public transportation) (Davison &
Lawson, 2006). Living within ½-1 mile of a public park increases adolescent girls’ physical
activity significantly (Cohen, et al., 2006), while traffic density within 150 meters around
the home was related to higher BMI in both girls and boys (Jerrett, et al., 2009).

Fewer studies have examined the effects of physical activity-related built environmental
variables on actual weight status in youth, with inconsistent results (Dunton, Kaplan, Wolch,
Jerrett, & Reynolds, 2009). In their comprehensive review, Dunton et al (2009) found that
school play space, road safety, proximity to supermarkets and lower population density have
been found to be related to lower obesity rates in young children. In adolescents, the number
of recreational facilities seemed to be the only factor that has been clearly related to obesity.
Furthermore, there appear to be gender differences in physical environment effects on
obesity status. One study in preschool children showed relationships between intersection
density, walkability and lower BMI in young girls only (Spence, Cutumisu, Edwards, &
Evans, 2008). In a nationally representative sample of more than 20,000 adolescents in 19%
of all US census-block groups, Gordon Larsen et al (Gordon-Larsen, Nelson, Page, &
Popkin, 2006) found that lower-SES and high-minority block groups had reduced access to
key facilities, which in turn was associated with decreased physical activity and increased
overweight.

Environmental factors also influence dietary intake. Access to healthy food resources
positively influences healthy diets and is related to lower obesity rates (Morland, Diez Roux,
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& Wing, 2006; Morland, Wing, & Diez Roux, 2002). Although the relationship between
exposure to neighborhood fast food outlets and poor diet is fairly consistent, some studies
find no relationship between density or proximity of fast food restaurants and adiposity in
youth (Burdette & Whitaker, 2004; Crawford, et al., 2008). Lower prices for fruit and
vegetables have also been directly related to lower BMI in youth, while fast food prices and
proximity of outlets were not (Sturm & Datar, 2005). Poor nutritional choices available in
school environments, including vending machines and a la carte fast foods have been related
to poor diet (Kubik, Lytle, Hannan, Perry, & Story, 2003) and higher BMI (Fox, Dodd,
Wilson, & Gleason, 2009). The pervasive influence of the built environment on physical
activity and diet in youth has recently been recognized in the White House Task Force on
Childhood Obesity, which includes a sweeping set of recommendations for fundamental
changes to these environments (White House Task Force on Childhood Obesity, 2010).

Elements of the built environment, such as noise pollution and use of social networking sites
at bedtime have adverse influences on sleep in youth. For example, having a television,
computer or other technologies available in the bedroom has been linked to short sleep in
youth. In a study of youth (mean age of 9 years-old) in 8 cities in China using self-reported
measures, television or computer presence in the bedroom was associated with later
bedtimes, later awakening times, and a shorter duration of sleep during weekdays and
weekends (Li, et al., 2007). Another study using self-report in 1656 Belgian youth from 13–
17 years of age found that using mobile phones for calling or texting after lights out was
significantly related to feeling tired during the day. (Van den Bulck, 2007). In a study of 11
children that used objectively measured sleep by polysomnography, children were exposed
to voluntary excessive television and computer game use. Computer game playing resulted
in prolonged sleep-onset latency, significantly reduced amounts of slow-wave sleep as well
as significant declines in verbal memory performance (Dworak, Schierl, Bruns, & Struder,
2007).

The social environment: The influence of family
The influence of family on BMI is strongly supported in heritability research (see section
above). Beyond genetics and heritability, the family also has profound influences on
obesity-related behaviors. A recent review of 58 papers found fairly consistent associations
between parental dietary intake and children’s fat, fruit and vegetable consumption (van der
Horst, et al., 2007). The same review found a consistent influence of parent and sibling
energy and fat intake with adolescent’s energy and fat intakes. Lower parental education
was related to lower adolescent fruit and vegetable intake. Higher frequency of family meals
eaten together was related to healthier dietary intake in youth, as was home availability of
healthy foods (Story, Kaphingst, Robinson-O'Brien, & Glanz, 2008). Parental child-feeding
practices have been studied in depth by Birch and colleagues, providing evidence that
restrictive practices, such as parental restriction of palatable foods, can lead to eating in the
absence of hunger and predicts adiposity both cross-sectionally and longitudinally (Anzman
& Birch, 2009; Birch, Fisher, & Davison, 2003). Where physical activity is concerned,
parental support of physical activity (James F. Sallis, Prochaska, & Taylor, 2000), higher
parental physical activity levels (Davison, Cutting, & Birch, 2003) and higher parental
education levels are all related to higher levels of physical activity in children and
adolescents (Gordon-Larsen, McMurray, & Popkin, 2000). Parents also influence sleep in
children, and this influence extends past setting and monitoring bedtimes. As shown above,
computers, cell phones and television in the bedrooms can have negative effects on sleep
duration and onset in youth. One study found that longer sleep duration was related to
parenting practices that encouraged social maturity (Spilsbury, et al., 2005). In sum, for each
of the three main obesity-related behaviors addressed here, families play important roles as
models, rule-setters, and guides.
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Ravussin et al (1994), in their landmark article on the effects of traditional environments on
obesity in Pima Indians, observed that, in studies within populations where environments are
similar, the variance in obesity that is explained by the environment is likely to be
underestimated. This is because the environmental effects that we are able to estimate in any
given study are the result of the degree of variability of environments observed in that
specific study population. Since we usually cannot perform controlled experiments on
environmental variables, and important influences on obesity such as pollution, crime and
fast food, are often ubiquitous in any given sample, our observations cannot be used to infer
the possible effects of actually altering that environment (Musani, Erickson, & Allison,
2008). These modern ‘obesogenic’ environmental factors, including (but not limited to)
urban sprawl, traffic density, availability of energy dense foods, ubiquitous technology, and
the decreasing frequency of family meals, interact with genetic predisposition to contribute
to the epidemic of childhood and adolescent obesity. However, a genetic predisposition for
obesity may not necessarily rule out behavioral or environmental control (Rampersaud, et
al., 2008).

Changing Human Behavior: Interventions to prevent and treat childhood
obesity

The obvious conclusion from this review of a decade of childhood and adolescent obesity
research is that we need to turn the tide, with a focus on reducing childhood and adolescent
obesity through treatment and prevention. However, changing behavior, particularly
behaviors that are necessary for daily living, has proven particularly challenging. One
cannot ‘quit’ eating or ‘quit’ sedentary behavior. Therefore, behavioral modifications must
be made in the face of continuing temptation. Increasing physical activity has proven
difficult in the current environment that favors motorized transportation, screen use, hours
spent sedentary in school with decreased physical education time, and parents who do not
have time to encourage home meals or child’s physical activity. Even when behavior change
is successful, the magnitude of change is frequently not large enough to affect BMI or
adiposity. Table 1 provides outcomes from three recent reviews of interventions to treat and
three recent reviews to prevent childhood and adolescent obesity, chosen for their diversity
and comprehensiveness. Several excellent reviews were not included here, such as (Brown
& Summerbell, 2009;van Sluijs, McMinn, & Griffin, 2007;Flodmark, Marcus, & Britton,
2006;Connelly, Duaso, & Butler, 2007;Kamath, et al., 2008). It is clear that, depending upon
the analyses and inclusion criteria, different reviews may provide different outlooks on the
endeavor (Doak, Heitmann, Summerbell, & Lissner, 2009).

Interventions to treat childhood and adolescent obesity
McGovern et al (2008) reviewed 60+ interventions to treat childhood and adolescent
obesity. Only 23% of these resulted in significant decrease in adiposity. Most of these
interventions were short-term and follow-up data was, for the most part, not available.
Atlantis et al (2006) examined the effect of 14 studies in youth that included an exercise
intervention. Only 14% of these interventions significantly decreased adiposity. However,
interventions with higher doses of exercise, between 120–150 minutes per week of moderate
to vigorous physical activity, were likely to be successful, which is still lower than the 60
minutes a day prescribed by the 2008 guidelines for physical activity (Physical Activity
Guidelines Advisory Committee, 2008). The most recent Cochrane review of interventions
to treat childhood and adolescent obesity reviewed 64 studies (Oude Luttikhuis, et al., 2009).
Only 12 of these studies lent themselves to pooled analyses. In general, most of the studies
that were included in the pooled analyses achieved positive outcomes. Family-targeted
behavioral lifestyle interventions seemed most effective, and combined diet, physical
activity and behavioral interventions were suggested as promising areas for future efforts.
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However, according to another recent review it is unclear whether it is more effective to
target single or multiple behaviors, and there is evidence for effectiveness of both
simultaneous and sequential behavior change interventions (Brown & Summerbell, 2009).
Unfortunately, most of the studies included in the Oude Luttikhuis, et al. review were
underpowered. Recommendations for the future include larger-scale interventions with
process and fidelity measures and costeffectiveness analyses. The authors emphasized the
need for including psychosocial mediators of behavior change and building interventions
based on psychosocial theory. Psychosocial theories of obesity-related behavior in youth
have been fairly well described (see for instance McClain, et. al (2009) for correlates of
eating behavior, Sallis, Prochaska, & Taylor (2000) for correlates of physical activity, and
Lubans, Foster, & Biddle (2008) for mediators of physical activity change). Although it has
been acknowledged for more than a decade that theory-based interventions are more likely
to significantly impact obesity-related behaviors in youth (Baranowski, Cullen, &
Baranowski, 1999; Baranowski, Lin, Wetter, Resnicow, & Hearn, 1997; Spruijt-Metz,
1999), few theories have been fully tested in childhood obesity interventions, and many
interventions are still not truly based in theory.

Interventions to prevent childhood and adolescent obesity
In the Cochrane review of school-based interventions to prevent obesity, only 14 studies
provided information on BMI (Dobbins, De Corby, Robeson, Husson, & Tirilis, 2009). Of
these, only 4 (18%) significantly impacted BMI, and all 4 of these studies succeeded only in
limiting the rise in BMI percentile in the intervention compared to the control group. There
were no significant reductions in BMI percentile. However, there have been several
landmark school-based interventions that have successfully improved obesity-related
behaviors and reduced obesity (Gortmaker, et al., 1999), for instance through changing.
Therefore, improving school food and activity environments remains a priority (White
House Task Force on Childhood Obesity, 2010). Stice (2006) reviewed 61 discrete
interventions to prevent obesity and found that only 21% prevented BMI gain. In general,
this review found that these interventions failed to prevent increases in BMI. For most
programs that did produce significant prevention of weight gain, the effect sizes were
clinically meaningful but often confined to pre–post effects, with no long-term staying
power. Finally, the most recent Cochrane review on prevention (Summerbell, et al., 2005)
suggests that prevention efforts have not been able to significantly impact the weight status
of children. The authors emphasize the need for multifactorial theoretical approaches that
consider the impact of system, environment and organizational issues, and address
individual as well as group behavior change. They also encourage inclusion of stakeholders
(families, schools, policy-makers) in the decision-making process about intervention
strategies to be implemented.

Conclusions: Challenges for the next decade
Today’s children may be the first in more than a century to live less healthy, and possibly
even shorter lives than their parents (Olshansky, et al., 2005). The impact on health and life
expectancy will likely be the most severe in minority populations, where the increase in
childhood obesity has been rapid and precipitous. Reversing the epidemic of childhood
obesity and associated health consequences – through the development of effective
interventions to prevent and reduce childhood and adolescent obesity – is the most important
challenge for the next decade. To do this, progress must be made in each of the areas
discussed here. A few of the many questions left to answer are outlined below. Answers to
each of these questions need to be formulated with two key stipulations: 1) children are by
definition in development – answers to any of these questions may differ according to
cognitive, emotional and physiological developmental status, and 2) there are profound
ethnic disparities in childhood and adolescent obesity as well as each of the topics covered
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here – answers to these questions may be specific to race/ethnic group, and be particular to
SES.

Physiology and neurobiology of childhood and adolescent obesity
What are the physiological and neurological mechanisms that might regulate obesity-related
behaviors in youth? How do development and puberty influence behavior and how are these
influences mediated physiologically? How can we integrate knowledge being gained in
studies on how the brain modulates energy balance into interventions? How might metabolic
and biological influences precede behavior and how can this knowledge be integrated into
prevention efforts?

Psychosocial influences on childhood and adolescent obesity
Is human motivation for obesity-related behaviors affected by physiological developmental
phenomena, such as pubertal insulin resistance? How can current knowledge from relevant
fields of research best be incorporated into transdisciplinary theories of behavior that truly
predict behavior change, and how can we ensure that these theories are properly utilized in
intervention development and evaluation?

Obesity-related behaviors in context: Diet, physical activity and sleep
Research has shown that objectively measured environments can differ significantly from
how those environments are perceived, and both actual and perceived environments
influence obesity-related behaviors (Ball, Timperio, & Crawford, 2006). So, how can
influence stakeholders and policy makers to make the necessary changes (such as reduction
of serving sizes, healthy school menus, access to clean and safe public parks, walkable
neighborhoods, etc.), as well as change perceptions of environments as they become safer or
more amenable to healthy behaviors?. We know that diet can influence physical activity
(Spruijt-Metz, et al., 2009), and that physical activity can influence sleep (Atkinson &
Davenne, 2007) How do obesity-related behaviors fold back on one another and interact to
influence obesity, and at which junctures in this complex cascade of cause and effect can we
best intervene?

Genes & Environment
How might genetic variation interact with behavioral factors to influence the regulation of
body weight and adiposity? There is currently great variability in how individuals respond to
obesity prevention and treatment interventions, and evidence suggests that these responses
might be partially regulated by genes. Do (specific) genes regulate responses to particular
interventions? If so, what are the mechanisms and how might this knowledge be best
harnessed to develop effective interventions?

Interventions: The future
Taking the above into account, possibly the best place to tackle the epidemic of childhood
and adolescent obesity is in real time. Using new technologies such as cell phones and
wireless body area networks to capture behavior, emotions and thoughts, physiological
reactions and location in real-time will give us new understanding of how children live,
think and feel in their environments, and how we can best help them to live healthy lives
(Stone, Shiffman, Atienza, & Nebeling, 2007). New technological platforms will enable
provision of adaptive and personalized interventions (Collins, Murphy, & Bierman, 2004)
that are flexible (Thatte, et al., 2009), adaptive to the personal behaviors and needs (Patrick,
Griswold, Raab, & Intille, 2008) of the child, and give just-in-time feedback on real-life
behaviors.
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In conclusion, the multiple factors that contribute to childhood and adolescent obesity seem
to be heterarchical (McCulloch, 1945), in that there is no well defined highest or lowest
level, no one determinant and no unidirectional model. Rather, they interact, overlap, and re-
array into divergent, yet co-existent patterns of relation. There are thus many different places
of entry or junctures to intervene. To stem the tide of childhood and adolescent obesity, the
next decade will need to see development of highly transdisciplinary interventions that
recognize the complex, heterarchical structure of the disease.
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Figure 1.
Increasing prevalence of BMI ≥ 85th percentile in youth, 1986–2008
Data from the Longitudinal Survey of Youth 1986–1998 and NHANES 1998–2008
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Figure 2.
Percentage of Male Children Meeting Criteria for Overweight by Country‡
Percentage of Female Children Meeting Criteria for Overweight by Country‡
‡ Data source: International Task Obesity Task Force (2009), except for Russia (Wang,
Monteiro, & Popkin, 2002), Israel and Lithuania (Lissau, et al., 2004).
+BMI percentile calculated for most countries, including the US, using IOTF cut-offs (Cole,
2000).
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Figure 3.
Decline in time spent (in mean minutes per day) in Moderate to Vigorous physical activity,
United States, 2003–2004‡
‡ Data source: Troiano et al, 2008
* Females significantly less active than males at all ages
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Figure 4.
Significant differences in time spent (mean minutes per day) in Moderate to Vigorous
Physical Activity by obesity status and ethnicity, United States 2003–2006‡
‡ Data source, Belcher, et al, in press
*BMI percentile negatively associated with MVPA in all race/ethnic groups for both
genders (p<.05 for all)
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Figure 5.
Increases in amount of time (mean hours/day), spent in sedentary behavior by gender and
age, United States, 2003–2004‡
‡ Data source: Matthews et al, 2008
* Females significantly more sedentary at all ages (6–11, p = 0.002, 12–15, p = 0.003, 16–
19, p = 0.028.
** p for trend of increasing sedentary behavior, p < 0.001
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Table 1

Six comprehensive reviews of obesity treatment and prevention trials.

Treatment

Source Inclusion Criteria Number of Studies N (%) studies that
significantly reduced
BMI or adiposity

(McGovern, et al.,
2008)

• Published RCT

• Overweight youth

• Age 2–18

• Pharmacological or lifestyle interventions

• Excluded Type 1 diabetes, obesity syndromes,
eating disorders

14 Pharmaceutical
17 Physical activity
3 Reduce Sedentary
26 Lifestyle

5 (36%)
2 (12%)
3 (0%)
7 (27%)
Overall: 23%

(Atlantis, Barnes, &
Singh, 2006)

• Exercise/physical activity treatment in
overweight/obese children or adolescents
(could include nutrition)

• Any overweight outcome

14 2 (14%)

(Oude Luttikhuis, et
al., 2009)

• Published RCT

• Obesity treatment in children (mean age under
18 years)

• Minimum of 6 months follow up (3 for drug
therapy).

• Excluded eating disorders, type 2 diabetes,
syndromic causes of obesity

64
8 lifestyle and 4 drug trials
used for pooled analyses

(Of the 12 studies in
pooled analyses)
5 of 8 (63%) (at 6
months)
3 of 4 (74%)

Prevention

(Dobbins, De Corby,
Robeson, Husson, &
Tirilis, 2009)

• School setting

• Aimed at increasing physical activity

• Children and adolescents (aged 6 to 18 years)

• Prospective design with a control group.

26
Only 14 studies report BMI

(Of 14 studies
reporting BMI)
4 (29%)

(Stice, Shaw, &
Marti, 2006)

• RCT

• Prevention in youth

• Measure of adiposity

• Children and adolescents up to 22 years of age

61 13 (21%)

(Summerbell, et al.,
2005)

• RCT

• Minimum 12 months

• Children under 18

• Excluded obesity treatment, eating disorders

22
19 school-based
1 community-based
2 family-based

4 (18%)
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