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SYNOPSIS
Despite growing recognition of the problem, the obesity epidemic continues in the U.S., and
obesity rates are increasing around the world. The latest estimates are that approximately 34% of
adults and 15–20% of children and adolescents in the U.S. are obese. Obesity affects every
segment of the U.S. population. Obesity increases the risk of many chronic diseases in children
and adults. The epidemic of obesity arose gradually over time, apparently from a small, consistent
degree of positive energy balance. Substantial public health efforts are being directed toward
addressing obesity, but there is not yet clear evidence of success. Because of the complexity of
obesity, it is likely to be one of the most difficult public health issues our society has faced.

The obesity epidemic in the U.S. continues. In the last few years, obesity rates have not
increased significantly in some U.S. subpopulations, but it is too soon to tell whether this
means that the epidemic has reached maximum levels in these populations.1, 2 There is clear
evidence that obesity rates are increasing in much of the rest of the world.3, 4 A large
amount of research is now directed toward better understanding and treating obesity, and
substantial public health efforts are directed toward reducing obesity rates. To date,
however, there is little evidence of success in reversing the epidemic in the U.S.

Prevalence of obesity
Overweight and obesity are defined based on body mass index (BMI), which is determined
as weight (kg) divided by height2 (m). Table 1 shows the categories of BMI. A healthy BMI
range is 18.5–24.9 kg/m2. Overweight is defined as a BMI from 25–29.9 kg/m2, and obesity
is defined as BMI ≥ 30 kg/m2.5 Obesity can be further subdivided based on subclasses of
BMI as shown in Table 1. Waist circumference can be used in combination with a BMI
value to evaluate health risk for individuals.

The strongest data on obesity prevalence rates over time in the U.S. come from results of the
National Health and Nutrition Examination Surveys (NHANES). NHANES periodically
collect measured heights and weights in representative samples of the population. The most
recent NHANES data were collected during the period 2007–2008.6
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As shown in Figure 1, obesity rates for adults have been gradually increasing over the past
3+ decades, with the latest statistics showing that in 2007–2008, approximately 68% were
overweight or obese, and approximately 34% were obese.1

Since the 1970s, the prevalence of obesity has increased throughout the U.S. adult
population–among men and women of all ethnic groups, ages, and educational and
socioeconomic levels.7 While the entire population seems to be getting heavier each year,
there is evidence that obesity affects some subgroups in the population to a greater extent
than others. For example, African American and Mexican American women have a higher
prevalence of obesity (BMI >30 kg/m2) than Caucasian women, or men of any ethnic
background (Table 2). Note that obesity prevalence rates increased over time in all gender-
ethnic groups (Figure 2). Obesity rates are increasing in all income and educational levels
(Figures 3 & 4), but absolute rates are higher in those with low incomes and low education
levels.8–10 This suggests that the gap among socioeconomic strata for obesity rates may be
closing.7

The finding that minority and low income individuals are disproportionately affected by
obesity is not surprising. The cheapest foods are those containing high levels of fat and
sugar.11 Thus, the way to get the most calories for the least money is to eat a diet that is high
in fat and sugar. This illustrates the interaction of biology and economics in supporting the
obesity epidemic. Foods for which we have a high biological preference (i.e., foods high in
sugar and high in energy density), and which contribute to overeating, are currently the
cheapest and most accessible.11, 12 Further, minority and low-income individuals may
engage in less physical activity than other sectors of the population.13, 14 In low income
populations, problems with neighborhood safety may prevent children from playing outside.
People who have more financial resources combat these circumstances more easily and,
consequently, are more physically active and less obese than those with fewer resources.

As shown in Figure 5, obesity rates in children and adolescents have continued to increase
over the past 3+ decades.2 According to NHANES 2007–2008, 17% of U.S. children and
adolescents between the ages of 2 and 19 years were at or above the 95th percentile for
weight. Among children and adolescents, Mexican American males and African American
females are more likely to have a higher BMI (Figures 6 a and b).2

Health risks associated with obesity
Obesity negatively affects most bodily systems. It is linked to the most prevalent and costly
medical problems seen in our country, including type 2 diabetes, hypertension, coronary
artery disease, many forms of cancer, and cognitive dysfunction.

Type 2 diabetes and prediabetes
BMI, abdominal fat distribution, and weight gain are important risk factors for the
development of type 2 diabetes. It is estimated that 90% of individuals with type 2 diabetes
are obese.15 It is further estimated that 30% of U.S. adults have prediabetes.16

Dyslipidemia
Visceral obesity is associated with elevated triglycerides, low HDL cholesterol, and
increased small, dense LDL particles.17
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Coronary artery disease (CAD)
Obese persons, particularly those with abdominal fat distribution, are at increased risk for
CAD. The American Heart Association added obesity to its list of major risk factors for
CAD in 1998.18

Sleep apnea
Obese men and women are also at high risk for sleep apnea, in which partial or complete
upper airway obstruction during sleep leads to episodes of apnea or hypopnea. The
interruption in nighttime sleep and repeated episodes of hypoxemia lead to daytime
somnolence, morning headache, systemic hypertension, and can eventually result in
pulmonary hypertension and right heart failure.

Cognitive dysfunction
Data about the link between obesity and cognitive dysfunction are mixed. Numerous studies
have shown an association between obesity and cognitive dysfunction, including worse
executive function19–21 and memory deficits.22 Although obesity is linked with many
diseases that are associated with cognitive dysfunction, some imaging studies have shown
lower overall brain volume23 and grey24, 25 and white matter26 in obese versus normal
weight individuals without weight-related comorbidities. Lower brain volumes have also
been found in obese individuals with mild cognitive impairment and Alzheimer Disease.27

One study that found that obesity in middle age may be associated with developing dementia
later in life, but may be protective in older-aged adults.28 Another study found overweight
and obesity to be protective against cognitive decline associated with mild cognitive
impairment, Alzheimer disease, and vascular dementia.29 A meta-analysis30 of prospective
studies that looked at BMI in midlife and dementia showed underweight, overweight, and
obesity were all associated with developing dementia later in life. A systematic review of
longitudinal population-based studies concluded that higher BMI is likely a risk factor for
developing dementia.31

Non-alcoholic fatty liver disease
Obesity is associated with a spectrum of liver disease known as non-alcoholic fatty liver
disease (NAFLD) or non-alcoholic steatohepatitis (NASH). Manifestations of this disorder
include hepatomegaly, abnormal liver function tests, and abnormal liver histology including
macrovesicular steatosis, steatohepatitis, fibrosis and cirrhosis.32, 33

Cancer
Overweight and obesity are associated with increased risk of endometrial, esophageal, renal
cell, pancreatic, ovarian, breast, colorectal, thyroid, and gallbladder cancers. They also are
associated with leukemia, multiple myeloma, non-Hodgkin’s lymphoma, and malignant
melanoma.34, 35

Health risks of obesity in children and adolescents
As more and more children and adolescents are becoming obese, they are beginning to
develop risk factors for chronic diseases usually seen much later in life, such as
dyslipidemia, hypertension, and hyperinsulinemia.36 For example, an increased number of
obese children and adolescents are now being diagnosed with type 2 diabetes,37 a disease
that was virtually nonexistent in this population a few generations ago. Similarly, there is
evidence that obesity in children and adolescents facilitates progression of cardiovascular
disease.36, 38
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How did the epidemic arise?
In order to understand how the obesity epidemic arose, we will briefly examine how body
weight is regulated. The key to understanding body weight regulation is understanding
energy balance. The body’s state of energy balance is determined by the amount of energy
ingested in food in relation to the amount of energy expended in metabolism and physical
activity.39, 40 In order to maintain a stable body weight, energy intake must, over time,
exactly equal energy expenditure. Negative energy balance (in which energy expenditure
exceeds energy intake) results in weight loss, whereas positive energy balance (in which
energy intake exceeds energy expenditure) results in weight gain.

The body appears to have some ability to actively regulate or adjust energy balance since
altering one component of energy balance can affect other components. For example,
chronic changes in the amount of food consumed lead to changes in metabolism that serve to
oppose a change in body weight.41 Similarly, chronic changes in physical activity can affect
food intake.42, 43 However, these compensatory physiological changes are not sufficient to
completely prevent changes in body weight in the face of strong, persistent positive or
negative energy balance.42, 43 Our physiological system seems to protect more against body
weight loss than against body weight gain. This makes sense in that for most of mankind’s
history, starvation was a much more serious problem than obesity.44

Each component of energy balance can be influenced by genetic, epigenetic and
environmental factors. We know, for example, that genes can affect each component of
energy balance45 and can explain some of the differences between individuals in body
weight and body composition. While we can conclude that our genes are permissive for
weight gain, the gradual weight gain of the population does not seem to be primarily due to
genetic factors.

The extent to which the body’s physiological regulatory mechanisms serve to maintain a
healthy weight depends on the environment. In an environment in which high levels of
physical activity are necessary for securing food and shelter and for transportation, and in
which food is inconsistently available, the body’s physiological regulatory mechanisms
appear to work best and serve to help facilitate sufficient food intake to avoid loss of body
mass. However, as the environment has gradually changed to one in which high levels of
physical activity are not required in daily life and in which food is abundant, inexpensive
and served in large portions, the physiological regulation of body weight appears to be
insufficient to oppose positive energy balance, weight gain and obesity. In these situations,
becoming obese is an adaptation to the environmental conditions and appears to represent a
new “settling point”.

Obesity researchers are increasingly recognizing the importance of the physical and social
environment in facilitating weight gain and obesity. Our current food environment is one in
which food is inexpensive, abundant and served in very large portions.40 Similarly, we have
created a physical activity environment with only a rare need for significant energy
expenditure for food, shelter, and transportation.40 These environmental influences make it
easy for us to overeat and under exercise. The body’s physiological system for adjusting
energy balance is not sufficiently strong in most people to completely oppose the positive
energy balance that results.

Similarly, evidence suggests that obesity is being facilitated by our social environment.
Christakis and Fowler demonstrated that socials networks influence whether or not we
develop obesity.46 With both the physical and social environment facilitating weight gain, it
is not surprising that more and more people are gaining weight and becoming obese.
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Our environment arose as an unintended consequence of our societal progress. In fact, our
environment was likely shaped in large part because of our biological preferences for high
energy foods and lack of biological preference to be physically active. The environment we
have created is one to which our ancestors aspired, and includes a consistent supply of good-
tasting, inexpensive, available food and the ability to not have to work hard to secure food,
shelter and transportation.

The realization that the environment is facilitating obesity has increased interest in
modifying the environment to help address the obesity epidemic. While research in this area
is only beginning, it represents an exciting new approach to obesity. There are, however,
some cautions. First, it is unlikely that modifying the environment alone will solve our
problem with obesity. The problem is that so many factors that have contributed to obesity
are things that enrich our lives in other ways. For example, we have instant access to
information throughout the world through televisions, computers, and personal digital
assistants. The fact that these tools contribute to reduced physical activity and thus promote
weight gain has only recently been realized. Similarly, the increase in families in which both
parents work has increased and contributed to the rise of “fast food restaurants” because few
people have the time or energy after work to prepare home cooked meals. New York City
mandated that restaurants place calorie counts on menu items to help them control their
intake. However, one study found no change in the number of calories purchased at fast food
restaurants before and after menu labeling.47 It is unlikely that we can ever “go back in
time” by giving up these things. It is more likely that we will learn how to modify the
environment to support and sustain specific behavioral changes in the population to help
people maintain healthy weights.

The need to deal with both the environment and behavior is illustrated in Figure 7. Our
biology developed to work best in a different environment – one where food was
inconsistent and high levels of physical activity were required to secure food, shelter and for
transportation. In previous environments, physical activity was the “driver” for achieving
energy balance, and food intake was “pulled” along.39 We developed multiply physiological
systems to facilitate eating with no need for physiological systems for food restriction, and
no need to develop a biological preference to be physically active when physical activity
was not required. Essentially, our biology tells us to eat whenever food is available and to
rest whenever physical activity is not required. In previous environments, this biology was
adequate to allow most people to maintain a healthy weight without conscious effort. Body
weight regulation was achieved for most with simple physiological control.

The situation is different in today’s environment which requires very little physical activity.
Securing food and shelter and moving around our environment do not require the high levels
of physical activity required in the past.48 Technology has made it possible to be productive
while being largely sedentary. Under such conditions, weight gain can only be prevented
with conscious efforts to eat less or to be physically active without the need to be physically
active. The minority of Americans who are maintaining a healthy weight are likely
exercising cognitive control of eating and physical activity patterns to eat less than they
would otherwise and to be physically active without the necessity of doing so. In today’s
environment, maintaining a healthy body weight cannot be left to physiological processes
but requires cognitive effort. This does not mean that we should not look for ways to modify
the environment to make it easy for people to avoid overeating and a sedentary lifestyle. It
does mean that we have to focus not exclusively on changing individual behavior or on
changing the environment, but on the combination. We must change the environment to
facilitate and sustain the behavior changes required to avoid obesity.
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How much and what type of behavior change is required?
Hill et al. have argued that the obesity epidemic arose from gradual yearly weight gain in the
population produced from a slight, consistent degree of positive energy balance (i.e. energy
intake exceeding energy expenditure).48 Using longitudinal and cross-sectional data sets,
they found that the average U.S. adult has gained an average of 1–2 pounds per year for the
last 2–3 decades. Hill et al.48 concluded that that weight gain in 90% of the adult population
is due to a positive energy balance of 100 kcal/day or less. They further suggested that small
behavior changes that impact daily energy balance by a little as 100 kcal/day could help
prevent further excessive weight gain in the population.

There is debate in the public health community on whether to focus on changing eating and
the food environment or physical activity and the physical activity environment. From an
energy balance point of view, it makes no sense to focus on only one side of the equation.
While there is a need to modify factors that promote overeating, it may be impossible to
manage body weight by food alone in a very sedentary population. In fact, most of the U.S.
population may be so physically inactive that it will be virtually impossible for them to eat
sufficiently little over the long term to match their low energy expenditure.

Dealing with the complexity of obesity
The more we understand about the etiology of obesity, the more complex it appears. For
example, we have learned that the maternal environment may have lasting consequences on
body weight regulation and the development of chronic disease in the offspring.49

Understanding and addressing obesity requires understanding and appreciating our biology,
our behavior, our environment, and our culture. We have major efforts underway in our
scientific community to focus on each of these areas, but few efforts to integrate among
areas. Focusing only on one of these major areas is likely to be incomplete. We need to
understand the biology of obesity, but only in rare cases is obesity the result of a biological
“defect”. Similarly, we need to understand better how to change behavior, but to do this we
have to appreciate our biology and the environment in which we live. Figuring out how to
change the environment to make a difference in obesity will also require appreciation of
biology and behavior. Finally, obesity even involves the ways we have constructed our
society, our shared collective worldview, and the material base of this worldview. We need
to better understand the complex economic factors that are supporting our current diet and
physical activity patterns, and we need to think about how these could be changed to support
a healthier lifestyle.12, 50, 51 We must begin to examine ways that we can replace those
aspects of society that support obesity with those that support healthier lifestyles. We need
to begin to construct a vision of what our society would look like if it supported
maintenance of a healthy body weight and supported obesity prevalence rates that were
acceptable.

Strategies for getting out of the obesity epidemic
What strategies could we use to reverse the obesity epidemic? Figure 8, adopted from the
work of Dr. Stephan Rossner, illustrates some possibilities. If we do nothing, the weight of
the population will continue to increase until all of those who are not genetically protected
will be overweight or obese. How might we reduce obesity prevalence rates to acceptable
levels over time?

One possibility is to reduce weight in many of those people who are already overweight or
obese. The problem is that our ability to produce and maintain substantial weight loss is not
good.52–54 Most people who lose large amounts of weight regain this weight completely
within a few years.52–54 Rarely does anyone transition permanently from the obese category
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to the healthy weight category. One meta-analysis showed that obese people were 3.2%
below their baseline weight at 5 years, which reflected the maintenance of 23% of their
initial weight loss.55 Another study of NHANES data concluded that only 17% of
overweight or obese adults maintained a weight loss of at least 10% for 1 year.56 Health care
professionals now recommend that weight loss goals of 5–10% of initial weight can be
achieved and maintained in many people.57 The bottom line is that currently we do not have
a good ability to produce and maintain significant weight loss in large numbers of
overweight and obese individuals. While we will certainly improve our obesity treatment
strategies over time, we cannot at present rely on this treatment to reverse the obesity
epidemic.

It is possible to reverse the obesity epidemic through prevention. This could begin with
stopping the gradual weight gain in the adult population and identifying and stopping
excessive weight gain in children. We have previously demonstrated that weight gain in
most adults can be prevented with small changes in energy balance of 100 kcal/day or less.39

Preventing further weight gain in the population could have significant positive impacts on
health and health care costs of the population, since increasing BMI is associated with
increasing risk of chronic disease and with increasing health care costs.58

Wang and colleagues59 have estimated that children and adolescents need to shift the energy
balance by ≤ 150 kcal/day to prevent weight gain. This amount is likely significantly less
than that required for substantial weight loss.

We and others have found some success with the small changes approach to preventing
excessive weight gain. Rodearmel et al. demonstrated in two prospective studies that small
changes in diet and physical activity could reduce excessive weight gain in overweight and
obese children when delivered as part of a family intervention.60, 61 The ASPIRE trial
showed that overweight and obese sedentary adults randomized to a 16-week intervention
that used small changes in diet and physical activity lost significantly more weight than both
the standard didactic group or control group.62 Although weight loss for the small changes
group was small (average of 4.62 kg), it was clinically significant (5% of body weight).
Importantly, the small changes group also maintained weight loss, decreased waist
circumference, and abdominal fat loss at three months post-treatment. In addition, a 12-week
small changes telephonic intervention was evaluated in sedentary obese veterans.63

Although not a randomized trial, results were similar to the ASPIRE trial in that participants
showed significant weight loss.

The cause of preventing and treating childhood obesity was given a boost when the First
Lady, Michelle Obama, decided to concentrate on childhood obesity. The White House Task
Force on Childhood Obesity was formed, and in May 2010 it released its report which
recommends a multi-pronged approach to end childhood obesity in one generation. The
recommendations include preconceptual and prenatal care, suggestions for early childhood,
helping parents and caregivers to make better choices, improving food choices in school
cafeterias, increasing access to healthy foods, and increasing physical activity.64

By using a strategy of stopping excessive weight gain, the prevalence of obesity would
decrease with each successive generation. While it may take decades to reverse the obesity
epidemic using this strategy, the positive view is that we may actually be able to produce
and maintain the behavior changes that would be required to stop excessive weight gain.
This can be done through a combination of focusing on specific behavior change and
modifying the environment in ways to support and sustain the desired behavior changes.
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Summary
The obesity epidemic in the U.S. has proven difficult to reverse. We have not been
successful in helping people sustain the eating and physical activity patterns that we believe
are needed in order to maintain a healthy body weight. There is growing recognition that we
will not be able to sustain healthy lifestyles until we are able to address the environment and
culture that currently support unhealthy lifestyles.

Addressing obesity requires an understanding of energy balance. From an energy balance
approach it should be easier to prevent obesity than to reverse it. Further, from an energy
balance point of view, it may not be possible to solve the problem by focusing on food
alone. Currently, energy requirements of much of the population may be below the level of
energy intake than can reasonably be maintained over time.

Many initiatives are underway to revise how we build our communities, the ways we
produce and market our foods, and the ways we inadvertently promote sedentary behavior.
Efforts are underway to prevent obesity in schools, worksites and communities. It is
probably too early to evaluate these efforts, but there have been no large scale successes in
preventing obesity to date.

There is reason to be optimistic about dealing with obesity. We have successfully addressed
many previous threats to public health. It was probably inconceivable in the 1950s to think
that major public health initiatives could have such a dramatic effect on reducing the
prevalence of smoking in the United States. Yet, this serious problem was addressed by a
combination of strategies involving public health, economics, political advocacy, behavior
change, and environmental change. Similarly, Americans have been persuaded to use seat
belts and recycle, addressing two other challenges to public health.65

But, there is also reason to be pessimistic. Certainly, we can learn from our previous efforts
for social change, but we must realize that our challenge with obesity may be greater. In the
other examples cited above, we had clear goals in mind. Our goals were to stop smoking,
increase the use seatbelts and increase recycling. The difficulty of achieving these goals
should not be minimized, but they were clear and simple goals. With obesity, there is no
clear agreement about goals. Moreover, experts do not agree on which strategies should be
implemented on a widespread basis to achieve the behavioral changes in the population
needed to reverse the high prevalence rates of obesity. We need a successful model that will
help us understand what to do to address obesity. A good example is the recent HEALTHY
study.66 This comprehensive intervention was implemented in several schools and aimed to
reduce obesity by concentrating on behavior and environment. This intervention delivered
most of the strategies we believe to be effective in schools. While the program produced a
reduction in obesity, this reduction was not greater than the reduction seen in the control
schools that did not receive the intervention. This does not mean we should not be
intervening in schools, but rather that it may require concerted efforts across behavioral
settings to reduce obesity.

But, while we need successful models, there is a great deal of urgency in responding to the
obesity epidemic. A great example is the effort to get menu labeling in restaurants. This is
moving rapidly toward being national policy. While the evaluation of this strategy is still
ongoing, it is not clear what impact it will have on obesity rates. We should be encouraging
efforts like this, but we must evaluate them rigorously.

Once we get serious about addressing obesity, it will likely take decades to reverse obesity
rates to levels seen 30 years ago. Meanwhile, the prevalence of overweight and obesity
remains high and quite likely will continue to increase.
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Fig 1.
Trends in overweight, obesity and extreme obesity, ages 20–74 years. Note: Age-adjusted by
the direct method to the year 2000 US Bureau of the Census using age groups 20–39, 40–59
and 60–74 years. Pregnant females excluded. Overweight defined as 25<= BMI<30; obesity
defined as BMI>=30; extreme obesity defined as BMI>=40.
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Fig. 2.
Obesity prevalence rates increased over time in all gender-ethnic groups.
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Fig. 3.
Obesity rates are the same at all income levels.
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Fig. 4.
Obesity rates are the same at all education levels.
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Fig. 5.
Obesity rates in children and adolescents have continued to increase over the past 3 decades.
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Fig. 6.
a and b. Among children and adolescents, Mexican American males and African American
females are more likely to have a higher BMI
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Fig. 7.
Both the environment and behavior must be addressed in assessing energy balance.
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Fig. 8.
Strategies to reverse the obesity epidemic. Adapted from Rossner, 1992—need full citation
here.
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Table 1

Categories of BMI and disease risk* relative to normal weight and waist circumference.

BMI kg/m2 Obesity Class Men ≤ 102cm (≤40 in) Women ≤ 88 cm (≤35 in) >102 cm (>40 in) >88 cm (>35 in)

Underweight <18.5 - -

Normal+ 18.5–24.9 - -

Overweight 25.0–29.9 Increased High

Obesity 30.0–34.9 I High Very High

35.0–39.9 II Very High Very High

Extreme Obesity ≥40 III Extremely High Extremely High

*
Disease risk for type 2 diabetes, hypertension, and CVD

+
Increased waist circumference can also be a marker for increased risk even in persons of normal weight.

The table is reprinted from reference 5.

Data from Clinical guidelines on the identification, evaluation, and treatment of overweight and obesity in adults: executive summary. Expert Panel
on the Identification, Evaluation, and Treatment of Overweight in Adults. Am J Clin Nutr 1998;68:899–917.
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Table 2

Prevalence of obesity by race and gender

Race Males Females

Caucasian 31.9 33.0

African American 37.3 49.6

Mexican American 35.9 45.1

Source: Prevalence of Overweight, Obesity, and Extreme Obesity Among Adults: United States Trends 1976–1980 Through 2007–2008.
http://www.cdc.gov/NCHS/data/hestat/obesity_adult_07_08/obesity_adult_07_08.pdf
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