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Abstract—Obesity is a major influence on the development and course of cardiovascular diseases and affects physical and
social functioning and quality of life. The importance of effective interventions to reduce obesity and related health risks
has increased in recent decades because the number of adults and children who are obese has reached epidemic
proportions. To prevent the development of overweight and obesity throughout the life course, population-based
strategies that improve social and physical environmental contexts for healthful eating and physical activity are essential.
Population-based approaches to obesity prevention are complementary to clinical preventive strategies and also to
treatment programs for those who are already obese. This American Heart Association scientific statement aims: 1) to
raise awareness of the importance of undertaking population-based initiatives specifically geared to the prevention of
excess weight gain in adults and children; 2) to describe considerations for undertaking obesity prevention overall and
in key risk subgroups; 3) to differentiate environmental and policy approaches to obesity prevention from those used in
clinical prevention and obesity treatment; 4) to identify potential targets of environmental and policy change using an
ecological model that includes multiple layers of influences on eating and physical activity across multiple societal
sectors; and 5) to highlight the spectrum of potentially relevant interventions and the nature of evidence needed to inform
population-based approaches. The evidence-based experience for population-wide approaches to obesity prevention is
highlighted. (Circulation. 2008;118:428-464.)
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Obesity is a major influence on the development of
cardiovascular disease (CVD) and affects physical and

social functioning and quality of life.1,2 The proportion of
adults and children who are obese has reached epidemic
proportions, moving steadily away from the Healthy People

2010 goals of 15% prevalence of obesity in adults and 5%
prevalence in children.3–5 These goals may be beyond our
reach for several decades to come (Figures 1 and 2).

The obesity epidemic is a major concern for the health of
populations in the United States and many other na-
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tions.6 –10 Based on data from the 2003–2004 US National
Health and Nutrition Examination Survey (NHANES),
approximately 66 million American adults (30 million men
and 36 million women) are obese and an additional 74
million (42 million men and 32 million women) are
overweight. Among American children 6 to 11 years of
age, an estimated 4.2 million (2.3 million boys and 1.9
million girls) are overweight; among American adolescents
12 to 19 years of age, 5.7 million (3.1 million boys and 2.6
million girls) are overweight.11 Assuming that the same trends
continue, by 2015 2 in every 5 adults and 1 in every 4 children
in the United States will be obese.12 Obesity prevalence is also
rising in countries throughout the world, reaching 20% to 30% in
some European countries and 70% in Polynesia (International
Obesity Task Force). According to the World Health Organiza-
tion, the number of overweight and obese people worldwide will
increase to 1.5 billion by 2015 if current trends continue.13

Clearly, overweight and obesity place a large public health
burden on society.

The prevalence of some obesity-related CVD risk factors
(eg, elevated cholesterol and high blood pressure) decreased
in the United States during the period from 1960 to 2000,
despite increased obesity.14 Nevertheless, the prevalence of
these risk factors remained higher in overweight and obese
than nonoverweight individuals, despite the concomitant
trend of increased use of medications to treat these risk
factors. Furthermore, the prevalence of diagnosed type 2
diabetes mellitus continued to increase concurrently with
increases in obesity.14 These trends underscore the impor-

tance of curbing the obesity epidemic. Control of type 2
diabetes requires a lifetime of medical care and usually drug
therapy from the point of diagnosis, with the attendant
financial costs and potential adverse effects on quality of life.
Pharmacological control of high blood cholesterol and hyper-
tension likewise requires lifelong medical therapy. Even with
medical intervention, increased obesity may ultimately re-
verse gains made with respect to declines in related CVD risk
factors. Thus, there is no room for complacency in dealing
with this public health problem.

It is preferable to avoid, in the first place, the excess weight
gain that leads to overweight and then obesity. Effective
treatment of obese individuals can substantially reduce risk
factors for CVD and improve disease management,2,15 al-
though some effects of long-standing obesity may not be
reversible16 or readily manageable. However, even those
overweight people who are able to lose weight are often
unable to maintain their weight at that level, and no clear
guidance currently exists on definitive strategies to achieve
long-term weight loss in the population at large.15,17 The
ability of weight loss to improve overall and CVD mortality
has also not been clearly established, although a study to
address this question is in progress.18

A major emphasis on obesity prevention is needed in the
population at large19,20 to prevent the development of
obesity in those adults who are still in the normal weight
range and in successive generations of children and ado-
lescents during development. Treatment will continue to
be of critical importance, but treatment alone cannot curb

Figure 1. Trends in adult overweight and obesity ages 20 to 74 years. Source: National Center for Health Statistics.4

Kumanyika et al Population-Based Prevention of Obesity 429

 by on November 28, 2009 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


the epidemic. Besides the limited long-term success of
most obesity treatments, another factor is the limited
ability to deliver enough treatment to enough people. We
are already unable to deliver obesity treatment services to
those who need such services, while the numbers needing
treatment are rising. Health insurance seldom covers the cost of
counseling for obesity, particularly the extended treatment of a
year or more that is suggested to facilitate long-term weight
loss.17 The need for treatment is highest, relatively speaking,
among low-income and ethnic minority populations,21 who have
a high burden of obesity, CVD, and stroke outcomes but less
access to healthcare services.

This review provides a rationale for population-based
obesity prevention efforts and research from a United
States public health perspective. It is intended for a broad
audience of health professionals, policy makers, and con-
sumer advocates who may contribute to prevention efforts.
As an overview of issues related to obesity prevention, this
statement is complementary to published statements,
workshop proceedings, and guidelines from the American
Heart Association and other organizations that describe the
effects of obesity and weight loss on CVD and its risk
factors and provide guidance for obesity assessment and
treatment and related lifestyle interventions2,7,17,21–37 (Ap-
pendixes). This statement addresses the need to bring
together, in one place, the various arguments for what
needs to be done, and how, with respect to population-
based initiatives to promote healthful eating, physical
activity, and energy balance. A key goal is to motivate

health professionals and others to contribute directly to
broadly based obesity prevention efforts—“treating the
community at large.”38 The relevance to clinicians is to
describe population-based efforts needed to support and
complement obesity prevention and treatment activities
undertaken in day-to-day practice. Obesity prevention in
the population at large is also highly relevant to obesity
treatment in that it fosters social and environmental con-
ditions that support healthful eating and active living. Such
conditions are essential for all weight-control efforts.

The writing group objectives were as follows: 1) to raise
awareness of the importance of undertaking population-based
initiatives specifically geared to the prevention of excess
weight gain in adults and children; 2) to describe consider-
ations for undertaking obesity prevention overall and in key
risk subgroups; 3) to differentiate environmental and policy
approaches to obesity prevention from those used in clinical
prevention and obesity treatment; 4) to identify potential
targets of environmental and policy change using an ecolog-
ical model that includes multiple layers of influences on
eating and physical activity across multiple societal sectors;
and 5) to highlight the spectrum of potentially relevant interven-
tions and the nature of evidence needed to inform population-
based approaches. The evidence reviewed includes primary
sources, systematic reviews and expert reports, emphasizing
articles published from June 1995 through May 2007. The
population burden and health effects of obesity are described as
background. Conceptual frameworks that can be used to de-
scribe and analyze prevention strategies are presented.

Figure 2. Trends in childhood overweight. Source: National Center for Health Statistics.5
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Background: Scope of the Problem
The Burden of Overweight and Obesity in the
US Population

Adults
Overweight and obesity are generally defined using body
mass index (BMI), a measure of weight relative to height that
is closely correlated with total body fat content. BMI is
calculated as weight in kilograms divided by height in meters
squared or by dividing weight in pounds by height in inches
squared and multiplying by a conversion factor of 703.15

According to the National Heart, Lung, and Blood Institute,
for adults, overweight is defined as a BMI of 25 to 29.9
kg/m2; obesity, �30 kg/m2; and extreme obesity, �40 kg/m2.15

Measures of waist circumference or waist-hip ratio are
indicative of visceral adipose tissue, or intraabdominal fat,
which may be more deleterious than overall overweight or
obesity in some cases. Accordingly, the National Heart,
Lung, and Blood Institute Clinical Guidelines recommend the
use of waist circumference in addition to BMI in clinical
screening of adults. High waist circumference, defined by
cutoffs of �35 inches (�88 cm) for women and �40 inches
(�102 cm) for men,15 increases the level of risk associated
with a given BMI level.

Data based on measured heights and weights, which are
more reliable and valid than self-report, are available from
NHANES.9 In NHANES data for 2003–2004, an estimated
66.3% of US adults �20 years of age were either overweight
or obese,9 a relative increase of 18% from the previous
estimate of 56% in NHANES III (1988–1994). The estimated
prevalence of obesity alone was 32.3% in the 2003–2004
NHANES, a relative increase of 40.6% from the estimated
22.9% prevalence reported in NHANES III. The prevalence
of extreme obesity (BMI �40) in the 2003–2004 NHANES
was 4.8%. The prevalence of obesity generally increases
across adult age groups. Previously observed gender differ-
ences in obesity prevalence, at the level of BMI 30 or above,
have disappeared, with men “catching up” to women between
1999–2000 and 2003–2004. However, the prevalence of
extreme obesity continues to be higher in women.

Long-term trends in overweight and obesity show notable
increases (from 47.4% to 66.0%, or a relative increase of
39.2%) in the percent of persons who were either overweight
or obese in the last quarter of the 20th century39 (Figure 1).
Most of the increase was attributable to increases in the
prevalence of BMI �30 (obesity), whereas only minor
increases occurred in the prevalence of BMI of 25 to 29.9
(overweight). The prevalence of obesity increased from
15.1% to 32.1% (a relative increase of 112.6%) for those aged
20 to 74 between the 1976–1980 NHANES and the 2001–
2004 NHANES.

Children and Adolescents
For children and adolescents up to age 20 years, the term
“overweight” rather than “obesity” is currently used by the
Centers for Disease Control and Prevention (CDC) and
generally defined as a BMI at or above the 95th percentile of
sex-specific BMI-for-age values from the 2000 CDC growth
charts.40 In children and adolescents, the term “at risk of
overweight” is the counterpart of overweight in adults, which

the CDC defined as a BMI between the 85th and 95th
percentiles. If recommendations of an expert panel convened
by the American Medical Association, Health Services and
Resources Administration and CDC41 are implemented, the
terminology for children will change to align with that for
adults, ie, overweight and obesity. An estimated 17% of
children and adolescents 2 to 19 years of age are overweight
according to the 2003–2004 NHANES.9 Among children 6 to
11 years of age, the percentage of those considered over-
weight increased from 4.2% to 18.8% (a 348% relative
increase) between 1963–1965 and 2003–2004. Among ado-
lescents 12 to 19 years of age, the percentage of those
considered overweight increased from 4.6% to 17.4% (a
278% relative increase) between 1966–1970 (for adolescents
12 to 17 years of age) and 2003–200439 (Figure 2 for recent
trends).

Waist circumference percentiles based on national data are
available for white, African American, and Mexican Ameri-
can children.42 However, whereas clinical guidelines for
obesity assessment in adults include waist circumference, the
above-referenced expert committee on child and adolescent
overweight41 did not find sufficient evidence or guidance to
warrant a recommendation for routine clinical use of waist
circumference in children at present.

Ethnic Disparities
In adults, NHANES data indicate consistent trends of higher
obesity prevalence for non-Hispanic blacks and Mexican
Americans compared with non-Hispanic whites but do not
provide estimates for other ethnic minority populations.
Drawing on other data sources—of which some rely on
self-reported weight and height and, therefore, underestimate
prevalence overall or in specific demographic groups43,44—
obesity prevalence is also higher for American Indians and
Alaska Natives, other Hispanic/Latino populations, Native
Hawaiians, and Pacific Islanders in comparison with non-
Hispanic whites, across the adult age spectrum.15,25,45 De-
pending on the ethnic group, the prevalence of obesity is
higher in females only or in both males and females.9,46–52

In the NHANES data, extreme obesity (BMI �40), which
is associated with particularly high levels of CVD risk and
total mortality,53 affects approximately 15% of non-Hispanic
black women compared with 6% and 8% of non-Hispanic
white and Mexican American women and 2% to 5% or fewer
in men in these ethnic groups.9 Among immigrants in ethnic
minority populations (Hispanic/Latino, Asian American, Pa-
cific Islander, and possibly non-Hispanic blacks), obesity
prevalence typically increases with a longer duration of US
residence and, in some cases, approaches rates observed
among US-born residents.54–56

Ethnic disparities in obesity prevalence apply to both BMI
and waist circumference and are accompanied by disparities
in obesity-related diseases.21 However, there are ethnic dif-
ferences in the interpretation of obesity indexes.57–60 For
example, the clinical consequences of obesity are higher for
people of Asian descent at lower BMI and waist circumfer-
ence cut points than for whites.60,61 A report from the World
Health Organization, Western Pacific Region,62 suggested
that overweight should be defined as a BMI of 23 kg/m2 or
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greater and obesity as a BMI of 25.0 kg/m2 or greater in adults
of Asian descent rather than using the respective cutoffs of
BMIs of 25 and 30. A subsequent World Health Organization
expert panel recognized that a range of plausible BMI cutoffs
for overweight and obesity existed for these populations.60 A
more recent article63 calls for revisions of BMI criteria for
South Asians, Chinese, and Aboriginals.

Ethnic disparities in overweight prevalence are also ob-
served in male or female children and adolescents, as in
adults.9,49,52,64–66 For example, in the NHANES data for
1999–2004, Mexican American male children and adoles-
cents had a higher prevalence of overweight than non-
Hispanic white male children and adolescents.9 The preva-
lence of overweight among non-Hispanic black male children
and adolescents was not materially different from that among
non-Hispanic white male children and adolescents. The
prevalence of overweight in Mexican American and non-
Hispanic black female children and adolescents was higher
than non-Hispanic while female children and adolescents.
Rates of increase in overweight have been steepest in non-
Hispanic black children compared with Mexican American
and non-Hispanic white children and generally intermediate
for Mexican American children.67 Together with the higher
prevalence of overweight in non-Hispanic black girls and
Mexican American boys, these faster rates of increase indi-
cate a particular need for preventive strategies addressed to
these populations.

Socioeconomic Status and Geographic Variations
Population-based surveys show a higher prevalence of obe-
sity in populations with lower socioeconomic status (SES),
especially among white females,68–71 although this relation-
ship is less clear in more recent prevalence trends.12 Patterns
of SES differences in children and adolescents are complex
and not consistent across age, gender, and ethnicity.72–74 For
example, in recent NHANES data, an inverse association of
obesity prevalence with SES was observed in white girls,
whereas higher SES was associated with higher obesity levels
in African American girls.74 Overall, SES differences in
obesity are becoming less prominent in both adults and
children.12,74

Geographic variation in obesity has been reported by state,
as well as degree of urbanization. For example, interview data
(ie, using self-reported height and weight data) from the 2005
Behavioral Risk Factor Surveillance System (BRFSS) survey
indicate that the highest prevalence of obesity was seen in
Louisiana, Mississippi, and West Virginia, whereas the low-
est prevalence was seen in Colorado and Hawaii.75 This may
reflect socioeconomic differences among states.76 Higher
prevalence of obesity has been reported for rural populations
compared with urban and suburban populations in the Na-
tional Health Interview Survey.77–79 For example, in 32 440
adult respondents to a 1998 National Health Interview Survey
module,78 obesity was more prevalent among adult residents
of rural areas than residents of urban areas (20.4% versus
17.8%; P�0.0002) and this rural-urban difference was con-
sistent across all ethnic groups. An analysis of 2000–2001
BRFSS data showed a similar pattern but with higher prev-
alence (23.0% and 20.5% in rural and urban areas, respec-

tively). Rural-urban-suburban differences in obesity and
health may also reflect socioeconomic differences, with rural
areas being more characterized by local poverty and lack of
resources,77 at least in part.

Health Effects of Obesity

Adults
Obesity prevention in adults can potentially have a major
impact in reducing morbidity and mortality that result from
the chronic effects of excess body fatness.8,80 The worldwide
increase in obesity portends an increasing epidemic of dia-
betes and its serious consequences, including CVD. The
American Heart Association (AHA) identified obesity as a
major CVD risk factor in 1998.81 As reviewed in a separate
AHA scientific statement,2 the impact of obesity in the
pathophysiology of cardiovascular and pulmonary diseases
and diabetes is well documented and has been recognized for
decades.2,82

Weight gain after young adulthood is associated with an
increased risk of CVD events and risk factors later in life
independent of BMI levels. For example, in a cohort study of
young adults, those who gained more than 5 lb over 15 years
had unfavorable changes in CVD risk factors and higher
incidence of metabolic syndrome and its components (waist,
lipids, blood pressure), independent of initial BMI than those
who had stable weight.83,84 In a 20-year follow-up of middle-
aged men, risks of major CVD events and type 2 diabetes
mellitus were related to excess body weight at baseline
(overweight and obesity) and to weight gain.85 Also, in the
Nurses Health Study, weight gain was associated with in-
creased risk of all-cause, coronary heart disease, and CVD
mortality at any level of initial BMI.86 The association
between obesity and several diseases begins when an indi-
vidual is well within the “normal” weight range. For example,
in a study of �7000 middle-aged men screened in British
general practices and monitored for nearly 15 years, the
lowest overall mortality rate was at a BMI of 22 to 27.9;
however, for a combined end point of myocardial infarction,
stroke, type 2 diabetes, and death, risk was lowest at a BMI
of 20 to 23.9, and all major CVD risk factors increased
progressively from a BMI of �20.87

As shown in Table 1, adverse health outcomes associated
with obesity are not limited to CVD.1,59,81–166 There is a large
and growing body of evidence on the other myriad health
effects of overweight and obesity, based on both animal and
human studies, including mechanistic studies, epidemiologi-
cal studies (eg, prospective cohort and case-control studies),
and clinical trials. Of the adverse medical consequences of
overweight in adults, diabetes is the most strongly linked with
increasing BMI.167 For example, insulin resistance, which is
associated with obesity and is a risk factor for coronary heart
disease, also appears to be related to liver disease and
obstructive sleep apnea.95 Obesity increases the risk for
several types of cancer, including relatively common cancers,
such as breast cancer in postmenopausal women135 and
prostate cancer.96 As shown in Table 1, other relevant
outcomes include osteoarthritis, gastroesophageal reflux dis-
ease, erectile dysfunction, and Alzheimer disease, as well as
physical disability, employee absenteeism, impaired quality
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of life, and increased healthcare costs. In older adults, obesity
is associated with protection against hip fracture,168 but this
protective effect on bone status does not offset the extensive
array of potential adverse effects on conditions that are
common in the older population.

The extensive data indicating that weight loss can reverse
or arrest the harmful effects of obesity26 are further evidence
of the causal link between obesity and disease. Lifestyle
intervention studies have shown the effectiveness of weight
loss in improving cardiovascular risk factors, including blood
pressure,156,169 insulin resistance and type 2 diabetes,100,159

lipid disorders, and the metabolic syndrome,26,170 in some
cases lowering the incidence of hypertension or diabetes in a
population at high risk for such diagnoses. Data from surgi-

cally treated obese subjects with larger weight losses than
those usually observed in lifestyle trials have further con-
firmed the marked improvements in systolic (2 years only)
and diastolic blood pressure, pulse pressure, and glucose,
insulin, uric acid, triglycerides, high-density lipoprotein cho-
lesterol, and total cholesterol levels, associated with weight
loss after up to 10 years of follow-up.153

With respect to mortality, although controversies continue,
many studies show clear, statistically significant, positive
associations of BMI with CVD mortality, suggesting that
obesity prevention can improve longevity. Most studies show
an association between BMI in the obese range (�30) and
mortality.92,106,107,140 The Look AHEAD trial18 was initiated
to specifically clarify the potential benefits of intentional
weight loss on mortality. However, mortality data—even if
conclusive with respect to the presence or absence of an
association of obesity or weight loss with longevity—do not
reflect the full spectrum of obesity-related health or quality-
of-life issues (Table 1).

Children and Adolescents
Events that occur at the earliest stages of human develop-
ment—even before birth—may have a profound influence on
risk for obesity, diabetes, CVD, and other common adult
conditions and are, therefore, potentially important focal
points for preventive efforts.171 Excess weight during child-
hood is associated with chronic disease morbidity and ad-
verse psychosocial effects from childhood onward and, there-
fore, the lifetime duration of these diseases. Obesity during
childhood also increases the risk of being obese as an adult,
with the attendant implications for the above-described mor-
bidity during adulthood.

Prenatal Determinants of Obesity and
Related Health Risks
Both higher and lower birth weight are correlated to later
obesity-related consequences.172 Higher birth weight is asso-
ciated with larger amounts of gestational weight gain and
with gestational diabetes, 2 factors also implicated in child-
hood obesity.173,174 Lower birth weight is consistently asso-
ciated with central fat distribution, insulin resistance, the
metabolic syndrome, type 2 diabetes, and ischemic CVD.172

Moreover, the phenotype of lower birth weight followed by
higher BMI in childhood or adulthood appears to confer the
highest risk of these outcomes. This pattern holds, for
example, for insulin resistance among 8-year-olds in India,175

blood pressure among Filipino adolescents,176 the metabolic
syndrome among white and Mexican American adults,177 and
coronary heart disease among Welsh men and American
female nurses.178,179 Recent studies have found that excess
weight gain during childhood and adolescence appears to
explain these observations.180,181 Whether accelerated weight
gain in infancy confers excess risk for these adult outcomes is
controversial.182

Other prenatal determinants of obesity-related outcomes
may span the entire “fetal supply line” from maternal dietary
intake to alterations in uteroplacental blood flow, placental
function, and fetal metabolism, and they may or may not have
any influence on birth weight. Maternal smoking during

Table 1. Adverse Outcomes for Which Obesity Increases Risk
or Complications In Adulthood

Cardiovascular diseases, diabetes, and related conditions

Coronary heart disease (CHD)

Type 2 diabetes

CHD risk factors

Type 2 diabetes

Hypertension

Dyslipidemia

Inflammation

Hypercoagulability

Autonomic nervous system dysfunction

Heart failure

Stroke

Deep venous thrombosis

Pulmonary disease (including obesity hypoventilation syndrome,
obstructive sleep apnea)

Other outcomes*

Absenteeism from work

Alzheimer’s disease

Asthma

Cancer (including breast [postmenopausal], endometrial, esophageal,
colorectal, kidney, and prostate)

Disability, physical

Erectile dysfunction

Fertility and pregnancy complications

Gallstones/cholecystitis

Gastroesophageal reflux disease

Gout

Healthcare costs

Impaired quality of life

Kidney stones

Liver (spectrum of nonalcoholic fatty liver disease)

Mortality

Obesity-related glomerulopathy

Osteoarthritis

Psychological disorders (eg, depression, aggressive behaviors)

Surgical complications

*Listed alphabetically. See text for relevant references.
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pregnancy is one potentially modifiable factor that appears to
increase the risk for obesity and elevated blood pressure
levels in offspring.183 Smoking among women is rising in
developing countries; reversal of this trend has the potential
to help curb the emergence of obesity as a public health threat
around the world.

Consequences of Overweight During Childhood
CVD effects of obesity during childhood are reviewed in
detail in other AHA statements.23,27 In addition to CVD
morbidity, obesity can also lead to a number of other adverse
health outcomes in childhood, including sleep apnea, gastro-
esophageal reflux, fatty liver, and orthopedic problems27

(Table 2). Evidence relating to type 2 diabetes, asthma, and
psychosocial problems associated with childhood overweight
is highlighted below.

Given the strong relationship of obesity and diabetes in
adults, the increase in childhood obesity is likely driving the
concomitant increase in rates of type 2 diabetes among
children. Once considered rare in children and adolescents,
referrals for type 2 diabetes now rival those for type 1
diabetes in some centers.184 In a multiethnic, population-
based study of diabetes in youth, type 2 diabetes was more
common than type 1 diabetes among 10- to 17-year-olds who
were black, Asian, or American Indian and almost as com-
mon among Hispanics.185 Among 12- to 19-year-olds in the
1999–2000 NHANES, 32.1% of overweight adolescents met

national criteria for the metabolic syndrome.186 In a referral
group of �400 obese children and adolescents studied in
detail, elevated BMI was associated with prevalence of the
metabolic syndrome, which reached 50% in the most severely
obese.187 Also, in a prospective study of nearly 2400 9- and
10-year-old girls, increased waist circumference was a robust
predictor of metabolic syndrome at age 18.188

Although the definition of metabolic syndrome itself is
controversial, childhood overweight is also related to its
individual components. For example, in the Bogalusa Heart
Study,189 overweight children were 12 times more likely than
their leaner peers to have high levels of fasting insulin; the
relative risk was greater for whites than blacks. The race
difference may reflect that independent of body fatness,
blacks appear to have lower insulin sensitivity than whites.190

Higher BMI is also associated with higher blood pressure and
abnormal lipid (including higher triglyceride) levels in chil-
dren and adolescents.189,191 Girls who were overweight at age
9 were 10 times more likely than normal-weight girls to have
elevated systolic blood pressure, 6 times more likely to have
low high-density lipoprotein levels, and 2 to 3 times more
likely to have elevated diastolic blood pressure, triglycerides,
and total and low-density lipoprotein cholesterol.192

The association of obesity with asthma is noteworthy
because asthma is the most common chronic disease of
childhood. In the late 20th century, the increase in asthma
incidence paralleled that of obesity.193–196 In addition to the
observation that asthmatic children can become overweight
because asthma limits their physical activity, prospective
studies support the hypothesis that overweight children are
more likely than their peers to develop asthma. Among 3792
children and adolescents 7 to 18 years of age who were
assessed annually between 1993 and 1998, those who were
overweight or obese were nearly twice as likely as their leaner
peers to develop asthma.197 Data are sparse on the relation of
weight status in infancy and subsequent risk for asthma but
would be of interest given the recent increase in overweight
among the youngest children and because the peak age
incidence of asthma occurs in the preschool and school years.
The results of a preliminary study suggest that increased
weight for length at 6 months predicts more wheezing by age
3 years.198 The mechanisms by which excess weight can
increase the risk for asthma include the presence of inflam-
matory cytokines produced by adipocytes and mechanical
disruption of respiration.199

Psychosocial problems associated with overweight in chil-
dren relate to self-concept, discrimination, and excessive
weight concern and overeating disorders. Even in children as
young as 5 years, a weight for height exceeding the 85th
percentile has been associated with impaired self-concept (eg,
higher-weight 5-year-old girls having a lower perception of
their cognitive ability compared with girls with lower weight
status).200 Overweight children are more likely to be teased or
bullied.201,202 Overweight adolescents are more likely than
their lean counterparts to be socially isolated.203,204 Over-
weight children and youth are also more likely to suffer
decreased self-esteem205,206 and more likely to be extremely
concerned with their weight and engage in bulimic behav-
iors.207–210 It is possible that binge eating leads to, rather than

Table 2. Adverse Outcomes for Which Obesity Increases Risk
During Childhood

Metabolic

Type 2 diabetes mellitus

Metabolic syndrome

Orthopedic

Slipped capital femoral epiphysis

Blount’s disease

Cardiovascular

Dyslipidemia

Hypertension

Left ventricular hypertrophy

Atherosclerosis

Psychological

Depression

Poor quality of life

Neurological

Pseudotumor cerebri

Hepatic

Nonalcoholic fatty liver disease

Nonalcoholic steatohepatitis

Pulmonary

Obstructive sleep apnea

Asthma (exacerbation)

Renal

Proteinuria

Source: Reference 27.
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results from, excess weight gain, however.211,212 Overweight
children appear to have lower physical functioning and
overall psychosocial health,213,214 and in 1 study,215 their
health-related quality of life was similar to that of children
and adolescents diagnosed with cancer.

Consequences of Childhood Overweight for
Later Morbidity and Mortality
Children and adolescents who are overweight tend to remain
so over time, particularly for older compared with younger
children and if 1 or both parents are overweight.216–220

Overweight adolescents may be as much as 20 times more
likely than their leaner peers to be obese in early adulthood.220

In younger children, parental obesity is a more potent risk
factor than the child’s own weight status in predicting
whether the child will become an obese adult, whereas the
opposite is true for adolescents.220 The elevated risk of adult
obesity is not limited to children who are frankly overweight.
Two studies have demonstrated that children with a BMI in
the 50th to 74th percentiles are substantially more likely than
children with a BMI below the 50th percentile to become
overweight or obese adults.221,222 Therefore, obesity preven-
tion must not be limited to children in the highest weight
status categories.

At least 4 studies223–226 demonstrate that adolescent over-
weight is associated with higher overall mortality. In these
studies, males who had a higher BMI had an approximately
1.5 to 2 times greater risk of overall mortality during
follow-up periods of approximately 30 to 70 years. Curiously,
in 2 studies that monitored both women and men, adolescent
females with a higher BMI did not have a substantially
elevated risk of dying.223,224 However, the more recent study
shows that adolescent obesity strongly predicts increased
mortality among women at midlife.226

At least 1 study indicates that weight in late adolescence is
strongly related to risk of developing type 2 diabetes in
adulthood. After adjusting for subsequent weight gain, 18-
year-old female adolescents with a BMI �30 kg/m2 were
about 10 times more likely to develop diabetes than those
with a BMI �22 kg/m2.227 Both males and females with an
elevated BMI in late adolescence appear more likely than
their leaner peers to develop CVD. Morrison et al228 report
25-year follow-up data that showed an association between
the presence of metabolic syndrome in children, 77% of
whom had BMI at or greater than the 90th percentile, and
CVD during adulthood. In the Caerphilly Prospective Study,
Yarnell et al229 studied 2335 middle-aged men who provided
recalled information on weight and height at age 18. Males
who were obese at age 18 were �2 times more likely than
their leaner peers to have a coronary event within 14 years of
joining the prospective study. Among the 508 men and
women in the Harvard Growth Study,223 those who had been
overweight as adolescents were more likely than their peers
to have a coronary event in adulthood or to die from CVD.
Greater weight in late childhood or adolescence is also
associated with higher blood pressure in adulthood.222,230,231

Excess weight in adolescence may also increase the adult risk
of conditions such as polycystic ovarian syndrome232 or its
concomitant ovulatory infertility233 and ovarian cancer.234,235

It is unclear whether these long-term effects of obesity in
childhood stem from its longer duration or from the presence
of obesity at certain critical periods for risk development.

The Case for Prevention

Overall Goals and Objectives
The goals of obesity prevention, broadly defined, include
avoidance of weight gain to levels defined as overweight or
obese and stabilization of weight in those who may already be
overweight or obese or after weight loss.236 Obesity preven-
tion in childhood also has the goal of preventing obesity
during adolescence and adulthood. Treatment of obese chil-
dren to promote weight loss and to avoid tracking of obesity
into adulthood is also a goal of obesity prevention. A focus on
obesity prevention in childhood may seem particularly intu-
itive, because, as noted in the previous section, the process of
developing obesity may begin in early life,27,171 and arresting
development of obesity in childhood has the greatest long-
term payoff in years of healthy life. Preventing or reducing
obesity in adulthood may be cost effective, based on the
potential immediate benefits of avoiding the otherwise high
prevalence of obesity-related comorbidities that develop dur-
ing adulthood,80 although the best way to determine the
overall cost-effectiveness of interventions in obesity is as yet
unclear.237

Preventive strategies for adults may include the promotion
of small changes in eating and physical activity238 or small
initial weight losses to counteract expected annual weight
gains or both.239 Implicit in all obesity prevention goals are
the related objectives of promoting healthful eating and
activity patterns, and for children, normal growth and devel-
opment, avoidance of adverse psychosocial or quality-of-life
effects, and improvement in obesity-related health risk factors
and outcomes.7,19

Achieving Individual Energy Balance to
Prevent Excess Weight Gain
Prevention of excess weight gain relies on the maintenance of
energy balance, whereby energy intake equals energy expen-
diture (in growing children and adolescents, energy expendi-
ture plus energy for healthy weight gain) over the long term.
For children and youth, this means growth and development
along an acceptable weight trajectory.240 For adults, this
means maintaining a relatively stable weight across life
stages, including the reproductive years, in contrast to the
average progressive gain of 0.5 to 1 kg per year commonly
observed in US adults.241 A positive imbalance will increase
energy storage, deposited as body fat and observed as weight
gain. Although the concept is beguilingly simple, the physi-
ological systems that regulate body weight through energy
intake and expenditure mechanisms are complex, interactive,
homeostatic, and still poorly understood.8,242 Furthermore,
the components of energy balance are not measured easily or
with sufficient precision to be practical as a guide to help
individuals maintain energy balance. Theoretically, a small
persistent energy imbalance of 50 kcal per day could result in
a 5-lb weight gain in 1 year (18 250 kcal per year divided by
3500 kcal/lb weight gain), all other things being equal. This
scenario is an oversimplification, however, because the en-
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ergy cost of 1 lb of weight gain depends on the fat compo-
sition of the added weight,243 and all things do not remain
equal,244 because, for example, energy expenditure increases
with higher caloric intake and weight gain. Nevertheless, the
accumulation of a constant positive energy imbalance over
the long term causes weight gain, and the great ease with
which this accumulation occurs in people in the United States
and many other countries causes the high prevalence of
obesity.8,19

Although prevention and treatment of obesity both rely on
the same principles of energy balance, the application of the
principles is quite different. For treatment of obesity, a large
reduction in caloric intake of about 500 to 1000 kcal per day,
along with increased physical activity, can produce a loss of
approximately 8% to 10% of body weight over the relatively
short period of about 6 months.15 Although the types of
low-calorie diets that best promote weight loss are the subject
of current investigations,244,245 behaviors for weight loss are
focused on caloric reduction: decreasing overall food intake,
reducing portion sizes, substituting lower-calorie for higher-
calorie foods, and increasing physical activity. Weight loss is
best accomplished by participation in a behavioral program
using self-monitoring, goal-setting, and problem-solving
techniques.15,246 Motivation levels may be high for appear-
ance reasons or if adverse health consequences and quality-
of-life impairments associated with obesity are readily per-
ceived. Apparently, behaviors learned for weight loss are not
sustained, however, because weight regain after weight loss is
common.247 Motivations and strategies to maintain weight
after weight loss may differ substantially from those used to
initiate weight loss.248,249

The application of energy balance principles toward pre-
vention of weight gain and obesity is more subtle, and the
results are less evident and less reinforcing than those for
treatment of obesity.250 The goal is to prevent a persistent
small positive energy imbalance. To prevent obesity and
weight gain, permanent lifestyle changes must be achieved
and maintained over the long term and perhaps even intensi-
fied, because aging and environmental influences continue to
create the conditions for positive energy imbalance. On the
energy intake side of the equation, a healthy, low-energy–
dense diet, along the lines of Dietary Guidelines for Ameri-
cans251 and the AHA Dietary Guidelines30 is recommended:
rich in fruits, vegetables, and whole grains and limited in
high-fat and sweetened foods with high-energy density and
low nutritional value. Important strategies are reading the
calorie and serving-size information on nutrition labels,
requesting simply prepared foods at food establishments, and
preparing and consuming appropriate portion sizes (at restau-
rants, a strategy is to order or consume only half-portions).
Because it is unknown directly whether caloric balance is
being maintained, frequent weighing helps determine whether
weight is stable.252,253 Physical activity also plays a critical
role in the prevention of weight gain and obesity.254 Current
physical activity guidelines to prevent weight gain are 60
minutes per day of at least moderate-intensity physical
activity,255 which is more than the amount recommended for
general health and cardiovascular function.256 Motivation is a
particularly important issue to address. There are no dramatic

improvements on an individual level, because the results are
no change in weight or health outcomes in contrast to the
weight loss and decrease in risk factors associated with
weight loss.

Achieving Energy Balance in Populations
“Population-based” obesity prevention approaches are de-
signed to produce large-scale changes in eating behaviors and
levels of physical activity to stabilize the distribution of BMI
levels around a mean level that minimizes the percent who
become overweight and obese, without increasing prevalence
at the underweight end of the continuum.19 Population-level
obesity prevention can and should be approached not as the
promotion of widespread “dieting” but rather from the per-
spective of promoting healthful eating and physical activity
patterns and a balance between the two. This approach
requires modifications of factors that shape individual
choices, as well as individual habits and preferences. There is
ample evidence that individual eating and physical activity
behaviors are responsive to the surrounding social and phys-
ical environmental contexts both for adults and children and,
thus, amenable to public health prevention interven-
tions.7,19,257–263 Population-based approaches are also compat-
ible with a broad range of public health goals. For example,
improvement of eating and physical activity behaviors pro-
motes healthy growth and development in childhood and
adolescence, independently of weight, protects against certain
types of respiratory, musculoskeletal, and liver diseases, as
well as cancer, and improves cardiopulmonary fitness and
overall health and wellness. Population-based prevention
approaches reach populations through a variety of routes that
extend beyond clinics and traditional health services and,
when prevalence is high, at a lower cost per person compared
with treatment approaches.264

Intake-related behaviors that have been linked to obesity
include frequent consumption of meals at fast-food and other
eating establishments,265–267 consumption of large portions at
home and at restaurants,268,269 consumption of energy-dense
foods, such as high-fat, low-fiber foods,270–272 and intake of
sweetened beverages.273–276 These behaviors occur in an
environment in which energy-dense food is abundant, rela-
tively inexpensive, easy to obtain, and easy to eat with
minimal preparation.

Low levels of physical activity are widespread in the
United States277 and have been associated with obesity and
weight gain.278–280 In some reports, television viewing and
other sedentary activities have also been related to increased
body weight,281,282 although more of the evidence relates to
children.283,284 Deficient expenditure of energy could occur
not only from sedentary lifestyles, but also from physiologi-
cal changes that occur with aging. With increasing age,
decreases in muscle mass, resting metabolic rate, and aerobic
capacity occur.285 Also, sedentary lifestyles may indirectly
result in higher energy intakes because of less ability to
regulate energy balance, for example,286 and more time and
opportunity to eat. Low levels of physical activity occur in the
context of an automated and automobile-oriented environ-
ment that is conducive to a sedentary lifestyle.287
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Community design and infrastructure characteristics
(sometimes referred to as the “built environment,” as differ-
entiated from naturally occurring environmental factors) have
become increasingly prominent in efforts to identify
population-level determinants of obesity.288 Evidence related
to several of the commonly used variables in this category is
highlighted below.

Urban “sprawl” is a geographic concept that has recently
been studied in relation to risk of obesity. There is some
disagreement about how to define sprawl,289 but regardless of
how sprawl is defined, most agree that sprawl results in large
areas of low-population density that encourage and usually
require residents to drive from home to work, stores, school,
and recreation facilities290 rather than to walk or use public
transportation. Several studies have examined the relation
between urban sprawl and risk of obesity. For example,
Ewing and associates291 constructed a County Sprawl Index
that included population density measures and block size;
larger scores indicated less sprawl. Health status data, includ-
ing BMI, were derived from the BRFSS and were self-
reported. After adjusting for gender, age, race, education, and
smoking status, residents of counties characterized by greater
sprawl walked less, weighed more, were more likely to be
obese, and were more likely to have hypertension. Similarly,
Lopez289 constructed a 100-point metropolitan sprawl index
using the US Census and calculated it for 330 US metropol-
itan areas that could be linked with data from the 2000
BRFSS. After controlling for age, gender, race, individual
income, and education, a significant relation was found
between the sprawl index and risk for overweight and obesity.
Sprawl at the state level also has been found to increase risk
for obesity.292

Land use mix and street connectivity are other geographic
concepts that also have been linked to obesity. Sprawl is
characterized by less diverse land use mix and less street
connectivity. Giles-Corti and colleagues293 found that both
overweight and obese adults were more likely to live in
neighborhoods that lacked adequate sidewalks and proximal
places for physical activity and that overweight people were
more than 4 times more likely to live near a highway.
Participants with poor access to recreational facilities were
1.68 times more likely to be obese.

Neighborhoods can also be described in terms of “walk-
ability.” Saelens et al294 characterized residents as living in
high-walkable (single- and multiple-family residences) and
low-walkable (single-family residences) neighborhoods with
comparable SES using census data. They collected data on
physical activity using accelerometers, weight status, and
self-reported neighborhood perceptions. Residents of highly
walkable neighborhoods walked significantly more (eg, a
difference of 63 minutes per week of moderate to vigorous
physical activity) than residents of low-walkable neighbor-
hoods. In addition, residents of low-walkable neighborhoods
tended to report higher average BMIs and higher rates of
overweight than residents living in highly walkable
neighborhoods.294

Frank and associates295 investigated the impact of commu-
nity design and physical activity on obesity in the Atlanta
metropolitan area, characterizing neighborhoods as connected

or disconnected (ie, high- and low-walkable, respectively) by
using land-use mix data from the county tax assessor and the
2000 census within a Geographic Information System frame-
work. Participant data within each neighborhood were drawn
from a transportation and air-quality survey, which measured
individual-level factors. After adjusting for the effects of age,
level of education, and individual income, a significant
relation was found between land-use mix and the prevalence
of obesity, although this relationship was mediated by phys-
ical activity (ie, distance walked during a 2-day period). For
instance, for each single quartile increase in land-use mix,
there was a concomitant 12.2% reduction (odds ratio, 0.878;
95% confidence interval, 0.839 to 0.919) in the probability of
obesity.

As discussed in the next section, community characteristics
that influence obesity risk in low-income and minority
communities may differ from those just described. For
example, communities in inner city urban areas may be very
“walkable” in the sense of connectivity but offer limited
opportunities for physical activity because of safety issues, a
lack of affordable recreational facilities and programs, and
limited access to healthy foods because of the types of food
stores and restaurants that are available.

Considerations for Prevention in
Key Risk Subgroups

Whereas clinical preventive services are often characterized
in terms of the stage of disease when the intervention occurs
(ie, primary, secondary, and tertiary prevention), comprehen-
sive public health approaches can be characterized on the
basis of the population segment of interest. In the World
Health Organization’s obesity prevention framework,8 whole-
population approaches that target the entire community with-
out prior screening of risk (although those at high risk are
included) are termed “universal prevention.” As will be
discussed, whole-population approaches that are “passive”
(ie, have their effects through environmental and policy
changes) improve opportunities for healthful eating and
physical activity without requiring deliberate actions by
individuals and can be particularly useful in addressing
inequities. Universal prevention approaches that rely only on
changing individual behaviors directly through social market-
ing campaigns or community education may actually worsen
disparities if they are only feasible for or attractive to
relatively advantaged individuals. A combination of these
types of approaches is needed.

“High-risk” approaches focus specifically on groups or
individuals who are identified as being at high risk. When the
focus is on groups at high risk, defined by demographic,
health characteristics, or life stage, the term “selective pre-
vention” is used in the World Health Organization frame-
work. Focusing on specific individuals at high risk, including
individuals with existing weight problems, is termed “tar-
geted prevention.” As will be discussed in a subsequent
section, population approaches draw on tools and strategies
from health promotion and public health to reach whole
communities with educational or motivational messages or to
foster environmental and policy changes that render physical
and social contexts more conducive to weight control,
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whereas high-risk approaches often resemble treatment pro-
grams because they involve screening and follow-up at the
individual level and may occur in primary care or specialized
treatment settings.

Obesity prevention is important throughout the life course
and for both sexes, although prevention approaches and
issues may differ according to gender. Body composition
(higher percent body fat) and fat distribution (generally more
gynoid and less abdominal fat distribution) among females
may influence the health effects of a given BMI.296,297 Men
are an important population of interest because of their higher
absolute risk for obesity-related diseases and lower likelihood
of seeking treatment for obesity compared with women.17 As
discussed in this section, people with mental and physical
disabilities are important subpopulations for focused efforts
to prevent excess weight gain.

Childbearing-Age Women
Women of childbearing age in general and particularly
women who are pregnant or postpartum are of particular
interest for obesity prevention during adulthood. Excess
pregnancy weight gain is particularly common among women
who were overweight before pregnancy and having their first
child.298 Maternal prepregnancy BMI is a strong risk factor
for gestational diabetes and is a reminder that the rise in rates
of obesity among girls and women of childbearing age is
producing a concomitant increase in rates of gestational
diabetes, which in turn will likely lead to more obesity—and
thus gestational diabetes—in the next generation. This vi-
cious cycle may well fuel the obesity epidemic for decades to
come, both in the developed and the developing worlds,
particularly given that perpetuation of obesity in girls may
ultimately affect the gestational environments of future gen-
erations. In addition, the potential for retention of excess
weight gained during pregnancy greatly increases a woman’s
risk of later obesity-related diseases.

Gender-Related Differences in Obesity Prevention
Compared with men, women on average are more interested
in food and nutrition, eat healthier diets than men, are more
likely to do the household food shopping and preparation, and
are more concerned about weight and familiar with diet-
ing.299–302 Nevertheless, obesity prevention may be more
difficult for women than men. Women have lower caloric
requirements than men on average and must, therefore,
consume less food than men if they are to remain in energy
balance.255 This may be particularly disadvantageous for
women when eating out, given that restaurant and take-home
portion sizes have increased and are the same whether the
customer is male or female or large or small. It appears that
appetite controls in humans are more effective for avoiding
hunger than preventing overeating. Experimental studies have
demonstrated that the more food people are given, the more
they are likely to eat.271 Unwitting consumption of a few
hundred extra calories is more detrimental to energy balance
for women than men. Offsetting excess caloric intake by extra
expenditure through physical activity is difficult because of

the time it takes. For example, moderate activity, such as 15
minutes of walking, burns only 100 calories for an average
size adult, whereas it is quite easy to consume an extra 200 or
300 calories in a much shorter time. In addition, the amount
of calories expended is proportional to body size and the
amount of lean tissue. A potential female advantage with
respect to controlling food shopping and preparation may be
offset by factors related to food preparation. Both women
who work outside the home and busy homemakers may rely
on convenience foods, prepared foods, or eating take out or
restaurant foods, all of which are associated with higher
calorie content. Depression, which is more common in
women than in men,303 has been associated with overeating
and weight gain, both with respect to using food for comfort
and because many antidepressants cause weight gain.304,305

Also, stress has been associated with increased food intake,
which could contribute to obesity.306 In a recent survey, more
women than men reported overeating under stress.307

In addition to the lower metabolism and energy expendi-
ture associated with having higher percent body fat or a
smaller body size, women are also at a disadvantage with
respect to energy expenditure from a social and behavioral
perspective. Leisure time or recreational activity levels are
lower for females than males,39 declining markedly in ado-
lescence and particularly among African American girls.308

Occupational activity levels are also lower for females.309

Moreover, opportunities for physical activity in women are
constrained by greater caregiving responsibilities and safety
concerns that affect times and places available for physical
activity.310,311 Socially acceptable forms of physical activity
may be fewer for women than men, particularly in some
ethnic groups. Social concerns may include how exercise
affects one’s hairstyle or image of femininity,312 as well as the
possible displeasure of spouses or other household members,
because exercise may be perceived as taking a woman away
from family responsibilities.311

The greater concern about weight and dieting among
women compared with men is well recognized and is appar-
ently reflected in the tendency of women to participate in
weight-loss programs.17 The literature on treatment of obesity
is dominated by studies in women to a much greater extent
than can be explained by any gender differences in the
prevalence of the problem. At any given time, nearly half of
women, compared with about one third of men, are trying to
lose weight, and women attempt weight loss at a lesser degree
of overweight than men.313 But dieting as such does not
appear to be associated with success at preventing weight
gain or obesity, perhaps because those who diet have the
greatest difficulty controlling their weight or because dieting
periods are interspersed with periods of overeating.

Social norms and attitudes about attractiveness differ for
men and women. Slenderness has a much stronger impor-
tance for women, which appears to increase with upward
mobility or high social position.314 Social disapproval of
obesity and excess weight in men is less strong, and the
inverse gradient of obesity with SES, observed in women in
many ethnic groups, is less predictable in men and is
sometimes absent or reversed (eg, obesity may increase with
increasing social position). Another reason for the higher
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