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Obesity
Obesity is the term used to indicate the high range of weight for an individual of given height
that is associated with adverse health effects.1 Definitions of overweight and obesity for adults
are based on set cutoff points directly related to an individual’s body mass index (BMI, weight
in kilograms divided by the square of height in meters). Essential to this definition is that a high
degree of body weight be associated with a large amount of body fat. The BMI is correlated to
body fat, but BMI varies with age and sex in children more than it does in adults. Thus the
designation of a child or adolescent (ages 2 to 19 years) as either overweight or obese is based
on comparing his or her BMI to a sex- and age-specific reference population (the CDC growth
charts). Children and adolescents between the 85th and 94th percentiles of BMI-for-age are
considered overweight; those greater than or equal to the 95th percentile are considered obese.
The percentiles used to identify children as overweight or obese are fixed, and based on data
collected from 1963–1980 (or, for children ages 2 to 6 years, data from 1963–1994).1-3
The prevalence of excessive body weight in the United States population has been increasing
for several decades, though it has stabilized over the last several years.4-7 BMI is the most
common screening measure used to determine whether an individual may be overweight or
obese. The BMI does not measure body fat directly, but is used as a surrogate measure since it
correlates with direct measures of body fat, especially at high BMI levels, and is inexpensive and
easy to obtain in a clinical setting. The significance of a child being overweight is complicated by
the BMI’s inability to distinguish between differences in mass due to muscle or due to the
unhealthy accumulation of fatty tissue. A recent study found that less than half of “overweight”
children had excess body fat, and that there are differences among race/ethnicity groups in the
amount of body fat for a given BMI in children.8 Among children with an elevated BMI, some
may have excess body fat, and others may be incorrectly identified as overweight because they
have a higher amount of mass attributed to nonfatty tissue. Despite the limitations imposed by
measuring the BMI, a rise in the prevalence of overweight children is cause for concern, since
overweight children are more likely to become overweight or obese adults.9-11
Obesity has rapidly become a serious public health concern in the United States, and is
associated with several adverse health effects in childhood and later in life, including
cardiovascular disease risk factors (which includes hypertension and altered lipid levels),12-22
cancer,15,23,24 psychological stress,25-28 asthma,29-31 and diabetes.32-37 Some studies have found a
relationship between obesity and early onset of puberty and early menarche in girls,38-40
although other research has found differences in the timing of puberty even after controlling
for BMI in the population.41 As such, the extent to which the obesity epidemic may contribute
to early puberty is unclear.
An emerging body of research suggests there may be common biological mechanisms
underlying a cluster of adverse health effects (obesity, hypertension, altered lipid levels, and
other metabolic abnormalities) referred to as metabolic syndrome. While the clinical utility of a
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diagnosis of metabolic syndrome is debated in the medical literature,42-44 the term describes an
area of active research, and prospective data demonstrate the relevance of metabolic
syndrome in obese children for both type 2 diabetes45 and cardiovascular disease.46 Metabolic
syndrome has been identified in obese children and adolescents, and studies suggest a
developmental origin of the condition.47-49 The consideration of obesity and metabolic effects
as a group is supported by findings in laboratory animals, where early-life exposure to certain
organophosphate pesticides can disrupt adult lipid metabolism, induce weight gain, and cause
other metabolic responses that mimic those seen in diabetes and obesity.50-52 Given these
relationships, obesity and other health conditions related to metabolism are discussed below.
Obesity is due primarily to an imbalance between caloric intake and activity. Increased caloric
intake and reduced physical activity are likely the major drivers of obesity in children.
Researchers are also investigating whether exposures to certain environmental chemical
exposures may play a contributing role in childhood obesity.53,54 These chemicals, which are
referred to as obesogens, are thought to be capable of disrupting the human body’s regulation
of metabolism and the accumulation of fatty tissue.55 Studies have also reported associations
between exposure to certain chemicals and diabetes in adults. Diabetes (Type 2) results from
the body’s inability to regulate blood sugar levels with insulin in response to dietary intake, and
is positively associated with the increasing rates of obesity seen in the U.S. population.56 Excess
body weight is a risk factor for Type 2 diabetes. In the past, Type 2 diabetes has been diagnosed
almost exclusively in adult populations, but it is now being diagnosed in youth—although with
low prevalence (0.25%).56-59 However, the clinical designation of prediabetes (elevated blood
glucose levels that do not meet the diagnostic criteria for diabetes) is prevalent in obese youth.35
While the possible contribution of chemical exposures to obesity is not clear, a number of
animal and cellular studies provide some evidence that environmental chemical exposures may
contribute to obesity and diabetes. Studies finding associations between chemical exposures
and obesity in children are limited. A recent study reported that prenatal exposure to high
levels of hexachlorobenzene was associated with increased BMI and weight in children at 6.5
years.60 Another recent study in Belgium, at relatively high exposure levels within the general
population, reported an association between prenatal exposure to DDE (the primary metabolite
of the pesticide DDT) and BMI, as well as an association between exposure to polychlorinated
biphenyls (PCBs) and increased BMI during early childhood.61 In adults, associations have been
reported between diabetes and both PCBs and dioxins at levels of exposure seen in the U.S.
population.62,63 A study of adult occupational exposures to organochlorine and
organophosphate pesticides reported an increased risk of diabetes in exposed workers.64
However, other studies have reported no association between these exposures and markers of
obesity or diabetes.65-68 Several animal and cellular studies suggest that endocrine-disrupting
chemicals (including bisphenol A, diethylstilbestrol, and tributyltin) may contribute to increased
weight and diabetes.69-73 After reviewing these findings, scientists at a National Toxicology
Program-sponsored workshop concluded that existing research provides evidence of plausibility
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(varying from “suggestive” to “strong” evidence) that several environmental chemicals could
contribute to obesity and/or diabetes.74 For example, scientists concluded that the available
data support the biological plausibility that exposure to a number of classes of pesticides may
affect risk factors for obesity and diabetes. The National Institutes of Health Strategic Plan for
Obesity Research and the White House Task Force on Childhood Obesity Report to the
President also acknowledge a potential relationship between environmental exposures and
obesity and cite the need for further research.75,76
Research has also considered a role for air pollution in childhood obesity and diabetes. In one
recent study, adult mice fed a high-fat diet and exposed to concentrated particulate air
pollution (PM2.5) experienced an increase in blood glucose levels and insulin resistance, which
are precursors of diabetes.77 Other studies in animals and children have reported that obesity
may result in greater susceptibility to the adverse effects of airborne pollutants such as PM2.5
and ozone, including airway inflammation, cardiovascular effects, and increased deposition of
particles in the lungs.30,78,79 Air pollution may contribute to childhood obesity by limiting the
number of days when air quality is appropriate for outdoor recreational activity, particularly in
children with pre-existing respiratory conditions such as wheeze and asthma.80 Animal studies
further suggest that diet-induced obesity may increase susceptibility to the effects of
environmental toxicants such as PCBs, dioxins, and acrylamide.81-83
Other environmental factors are thought to contribute to the increasing rates of overweight
and obesity seen in the U.S. population. The term “built environment” is used to describe the
physical elements of the environment for a population.84,85 Multiple reviews of the literature
have concluded that several properties of the built environment, including the extent of urban
sprawl, housing density, access to food outlets, and access to recreational facilities, may be
associated with overweight and obesity and/or levels of physical activity in children.84-90 The
relationship between characteristics of the built environment and obesity is likely more
significant in children than adults, because children are less able to leave their local
environment without the help of an adult.91,92 Built environments that promote exercise
through the inclusion of nearby recreational areas and walkable communities, and those that
provide healthy eating options through reducing the number of fast food restaurants while
providing access to fresh produce, are thought to reduce the frequency of obesity in
children.84,85,93 “Green” environments that contain a greater number of natural environments
and features such as parks, trees, and nature trails, may contribute to increased levels of
physical activity in children that can reduce rates of obesity.94
Socioeconomically disadvantaged populations are more likely to be located in built
environments with characteristics that promote lifestyles that increase rates of obesity in
children.95-97 However, a child living in a suburban community with a higher socioeconomic
status may spend greater amounts of time commuting in a car rather than walking, which may
also contribute to a sedentary lifestyle that promotes obesity.98,99 Factors contributing to the
prevalence of obesity may differ among environments. Previous research had suggested that
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differences in obesity rates in rural or urban environments were small.100,101 However, other
recent studies have identified a higher prevalence of obesity in rural compared to urban
environments.87,102 The complex interplay of behavioral, environmental, and physiological
factors and the disparities in pediatric obesity observed in the population add to the difficulty in
identifying effective interventions.
The following indicators present the best nationally representative data on obesity in the U.S.
child population. The first indicator shows the prevalence of obesity among children ages 2 to 17
years from 1976–2016. The second indicator presents the current prevalence of obesity by
race/ethnicity and family income, using data from 2013–2016. Together these indicators
highlight basic trends and current status in prevalence of childhood obesity in the United States.
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Indicator H10: Percentage of children ages 2 to 17 years who were obese, 1976–2016
Indicator H11: Percentage of children ages 2 to 17 years who were obese, by
race/ethnicity and family income, 2013–2016
About the Indicators: Indicators H10 and H11 present the prevalence of obesity in U.S. children ages
2 to 17 years. The data are from a national survey that measures weight and height in a
representative sample of the U.S. population every two years. Indicator H10 shows the trend in
obesity prevalence from 1976–2016. Indicator H11 presents comparisons of current obesity rates in
children of different race/ethnicities and income levels, using data for 2013–2016.

NHANES
The National Health and Nutrition Examination Survey (NHANES) provides data on childhood
obesity in the United States. NHANES is a nationally representative survey of the health and
nutritional status of the civilian noninstitutionalized U.S. population, conducted by the National
Center for Health Statistics. Interviews and physical examinations are conducted with
approximately 10,000 people in each two-year year survey cycle. Height and weight are
measured for survey participants of all ages.

Obesity and BMI
Determination of obesity in children is based on the calculation of body mass index (BMI),
which is correlated with body fat.103 First, the BMI is calculated by dividing an individual’s
weight in kilograms by the square of his or her height in meters. For children and teenagers in
the United States, the BMI number is then compared with an age- and sex-specific reference
population based on the 2000 CDC growth charts. These charts are based on national data
collected from 1963–1994 for children 2 through 6 years of age and from 1963–1980 for
children ages 7 years and older.2 These growth charts apply to all racial and ethnic groups, and
were obtained from nationally representative surveys. Children and teenagers with BMIs at or
above the 95th percentile on the growth charts are classified as obese.1,3

Data Presented in the Indicators
Indicator H10 presents the percentage of children ages 2 to 17 years who were obese from
NHANES surveys conducted from 1976 through 2016. Indicator H11 presents the current
prevalence of childhood obesity by race/ethnicity and family income using the 2013–2014 and
2015–2016 surveys combined. The data from two NHANES cycles are combined to increase the
statistical reliability of the estimates for each race/ethnicity and income group, and to reduce
any possible influence of geographic variability that may occur in two-year NHANES data. Four
race/ethnicity groups are presented in Indicator H11: White non-Hispanic, Black non-Hispanic,
Mexican-American, and “All Other Races/Ethnicities.” The “All Other Races/Ethnicities”
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category includes all other races and ethnicities not specified, together with those individuals
who report more than one race. The limits of the sample design and sample size often prevent
statistically reliable estimates for smaller race/ethnicity groups. The data are also tabulated
across three income categories: all incomes, below the poverty level, and greater than or equal
to the poverty level.
Please see the Introduction to the Health section for discussion of statistical significance testing
applied to these indicators.
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Data characterization
- Data for this indicator are obtained from an ongoing continuous survey conducted by the National Center
for Health Statistics.
- Survey data are representative of the U.S. civilian noninstitutionalized population.
- Height and weight are measured in individual survey participants.

§

Between 1976–1980 and 2015-2016, the percentage of children identified as obese showed
an increasing trend. In 1976–1980, 5% of children ages 2 to 17 years were obese. This
percentage reached a high of 18% in 2015-2016. Between 2001–2002 and 2015-2016, the
percentage of children identified as obese remained between 15% and 18%.
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§
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From 1976–2016, the increasing trend in prevalence of obese children was statistically
significant for children overall, and for children of each race/ethnicity (See Table H10)
and age group (Table H10a). From 1999–2016, the trends were only statistically
significant for children overall, ages 11-15 years, ages 16-17 years, and MexicanAmerican children.
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Data characterization
- Data for this indicator are obtained from an ongoing continuous survey conducted by the National Center
for Health Statistics.
- Survey data are representative of the U.S. civilian noninstitutionalized population.
- Height and weight are measured in individual survey participants.

§
§

In 2013-2016, 18% of children ages 2 to 17 years were classified as obese.
In 2013-2016, 14% of White non-Hispanic children were obese, compared with 24% of
Mexican-American children, 21% of Black non-Hispanic children, and 19% of children of “All
Other Races/Ethnicities.”
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The lower prevalence of obesity among White non-Hispanic children compared with
each of the other three groups was statistically significant, as was the difference in
prevalence between Mexican-American children and children of “All Other
Races/Ethnicities.”
Among children overall, the prevalence of obesity was statistically significantly greater in
children with family incomes below poverty level than in those above poverty level.
However, when accounting for differences by age and sex, children of “All Other
Races/Ethnicities” were the only race/ethnicity group to have a statistically significant
association between low family income and higher prevalence of obesity.

§
§
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