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FOREWORD

Su rveys conducted in the United States and other countries
over the last several decades have documented an alarm i n g
i n c rease in the prevalence of obesity, not only in adults but

also in children and adolescents. This obesity “epidemic” has signif-
icant implications for both current and future health risks, including
especially increased risk for diabetes, cardiovascular disease and
other chronic diseases. One might think that the causes of such a
substantial increase in obesity would be easy to identify. But, in fact,
the causes are complex and are linked to a variety of social, eco-
nomic, and lifestyle changes that have combined to upset the bal-
ance of energy intake and expenditure .

The complexity of the causes of increasing obesity also pres-
ents a variety of challenges in addressing the problem. There is a
lack of proven intervention strategies, especially considering the
tendency of individuals to regain weight even after successful ini-
tial weight loss. And, although the level of awareness of child obe-
sity as a health concern has been increasing, there is still insuffi-
cient attention and priority given to addressing this issue. 

Recognizing the importance of child obesity, the
I n t e rnational Life Sciences Institute Center for Health Pro m o t i o n
s p o n s o red a conference in May, 1999 to address this issue. Co-
sponsors included the Emory University School of Medicine, the
G e o rgia Health Foundation, the Centers for Disease Control and
P revention, the National Institutes of Health and the American
Cancer Society. The program included plenary and concurrent ses-
sions addressing key issues in obesity assessment, prevention and
t reatment in healthcare, school and community settings.
Concluding sessions considered the future directions and re s e a rc h
needed to better address the challenges presented by the continu-
ing increase in obesity among children and adolescents. 

This monograph presents four key papers from the confer-
ence, addressing a variety of topics relating to obesity assessment,
p revention, treatment and re s e a rch needs. It is hoped that these
papers will contribute to an increased awareness of the import a n c e
of child obesity as an international health issue and to an impro v e d
p e rception of the actions needed to better address this critical issue.  



I. Child Obesity: Challenges and
O p p o rtunities for Pre v e n t i o n

James O. Hill, PhD

The papers herein by Goran,1 Resnicow,2 and Dietz3 high-
light critical issues relating to the growing problem of
child obesity. Goran1 reviews the linkages between child-

hood overweight and the risk of obesity in adulthood and pro-
vides an overview of the adverse health implications of obesity in
both children and adults. He then examines the etiologic factors
that appear to underlie the increasing prevalence of obesity in the
United States and other countries. Given the difficulty in treating
obesity once it is established, he presents a convincing rationale
for a preventive approach.

The results of re s e a rch relating to interventions in
schools, communities, and health care settings and thro u g h
e n v i ronmental and policy changes have been summarized by
R e s n i c o w.2 He notes that interventions in schools have shown
inconsistent results, with only some interventions showing suc-
cess in modifying diet and physical activity behaviors. Changes
in physiologic endpoints such as body mass index (BMI) have
p roven to be even more difficult to achieve, although some
p romising results have been re p o rted. Resnicow observes that
the re s e a rch base for community interventions for child obesi-
ty is quite thin, although initial results from studies that are
c u rrently under way suggest that programmed physical activity
training may be both feasible and effective in treating obese
c h i l d ren and adolescents. Studies in clinical settings suggest
that interventions to decrease sedentary behavior may be more
e ffective than encouraging increased physical activity. Also
encouraging is the observation that children appear to maintain
weight loss better than adults.  Still unresolved, however, is the
e ffectiveness of involving parents in the treatment of over-
weight youth. Finally, Resnicow points to a number of enviro n-



nomic, and lifestyle factors. This reality complicates both the
setting of a focused re s e a rch agenda and the implementation of
specific interv e n t i o n s .

Another related challenge is the lack of a unified strategy
involving—and, it is hoped, integrating—interventions in health
care, school, and community settings as well as policy and envi-
ronmental changes. Currently, efforts are often isolated and unco-
ordinated. Individuals concerned about child obesity in health
care, school, and community settings may not even be aware of
the efforts of other potential partners.

Finally, a pervasive challenge is the low level of awareness of
the child obesity problem and the resulting low priority given to
the problem. Because of a low level of awareness, it has proven
difficult to secure the resources needed to address treatment and
prevention efforts effectively. These challenges and strategies to
address them are considered below.

Complexity of the Problem

The increasing prevalence of obesity may be explained, at a
superficial level, as the result of some combination of increasing
access to an energy-dense diet and declining energy expenditure
related to an increasingly sedentary lifestyle. However, the actual
extent of changes in energy intake and expenditure, and the
underlying social, economic, and cultural factors responsible for
such changes, are complex and difficult to quantify. This com-
plexity presents a major challenge because it makes it difficult—
in fact, inaccurate—to identify a single cause that can be reme-
died to fix the problem. Nevertheless, in attempts to define clear
strategies for intervention, it is tempting to assign blame to some
particular segment or sector of society as the cause of obesity,
with the implication that changes in that sector would correct the
obesity problem.   

One target that has been blamed for the rise in obesity
is the food industry. It is cited for marketing high-calorie, ener-
gy-dense foods in large portion sizes and for focusing advert i s-
ing eff o rts toward children. Childre n ’s access to these food
choices has increased rapidly with the proliferation of fast-food
restaurants and the increased presence in schools of vending
machines that stock high-fat, high-sugar snack foods. These are
c e rtainly important issues and seem likely to play a role in the

mental and policy changes that might be considered, such as
increasing the availability of safe and accessible play areas. 

Dietz3 provides an overview of key issues relating to pre-
vention efforts at the individual, environmental, and policy levels.
He reviews key points in the development of obesity, in particu-
lar the point of “adiposity rebound” at about 6 years of age, when
BMI reaches its nadir and begins to increase, and during adoles-
cence. Dietz also assesses likely causal factors that may underlie
the substantial increase in obesity prevalence observed in recent
years. He then reviews potential strategies for intervention in
health care, school, and community settings. 

A review of these papers makes clear that efforts are under
way in a variety of settings to address child obesity. But it is even
clearer that the effectiveness of current intervention efforts is lim-
ited and that much more will need to be done if the trend toward
increasing obesity in children is to be reversed. The question is
how to proceed to identify and implement more effective efforts.

Challenges to Effective Intervention

In efforts to address the problem of child obesity effectively, three
key objectives emerge:

1. to set an agenda for research to define what works and
what does not,

2. to identify and demonstrate ways to improve interven-
tion efforts within health care, school, and community
settings, and

3. to raise awareness of child obesity issues in order to stim-
ulate a higher level of support and priority at the local,
state, and national levels. 

In working towards these objectives, however, it becomes
clear that a number of challenges must be addressed. One key
challenge to effective action is the sheer complexity of the child
obesity problem. In order to address the problem eff e c t i v e l y, it
is critical to understand its causes and contributing factors. At
a superficial level, obesity is readily explained as an imbalance
involving too much energy intake and/or too little energ y
e x p e n d i t u re. However, the causes that underlie this imbalance
a re complex and reflect the influence of multiple social, eco-
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ple. Obesity is a multifactorial problem. There is no single model
to explain the rise in obesity within our society, and there will be
no single, isolated solutions. The two central behaviors that must
be addressed—food intake and physical activity—are complex
behaviors that are extremely difficult to change.  

Lack of a Unified Strategy

A second challenge in addressing child obesity is the lack of a
unified strategy. There is no focal point or constituency to take
clear responsibility for providing direction or coordination of
p revention eff o rt s . The health care industry, school systems, nor
community organizations have stepped forw a rd to take ownership of
the problem and to provide leadership for the solution. The share d
and cross-cutting levels of responsibility for the problem, and
the lack of a leadership focus, work against the development of
a unified strategy. Many people and organizations in health
c a re, school, and community settings may be concerned about
the problem, but coordination and exchange of inform a t i o n
among these individuals and organizations is often lacking. 

A major factor affecting the lack of a unified strategy is our
limited knowledge and lack of consensus about which strategies
are effective. We need to know more about the effectiveness of
strategies for changing behavior at the individual level as well as
the effects of environmental strategies, such as building bike
paths and improving lighting and playground equipment. We
also need a better understanding and consensus on the impact of
policy changes in health care, school, and community settings
that can stimulate greater awareness and provide increased
resources to address child obesity.

Although more knowledge and consensus about the effec-
tiveness of intervention strategies are critical, we also need to
move forward with the knowledge we have. This involves trans-
lating research results into a unified strategy of actions and pro-
grams in communities. In this translation from research into
action, there is a potential disconnect between researchers and
people working at the community level. This disconnect is not
simply a lack of communication, but also a lack of involvement
of community implementers in the design of research studies
and, later, in the translation of successful programs into commu-
nity settings. Researchers need to build strong, ongoing relation-

obesity problem, but food intake is only part of the equation
that produces obesity.

Physical inactivity is certainly also a contributor to obesi-
ty in children. Just as the food industry and its advertising to
c h i l d ren has been singled out as a contributor to obesity, is it
not logical to single out the computer industry, the manufac-
t u rers of video games, or the explosive growth of the Intern e t
as contributors to inactivity and sedentary lifestyles?
Automobile manufacturers might also be blamed for discour-
aging physical activity and for inhibiting walking and cycling
as forms of transportation—or is this the fault of city and com-
munity planners? The television industry might also be cited.
Studies have demonstrated the contribution of excessive televi-
sion viewing to inactivity and its link with obesity.

Other observers may blame parents for the rise in child obe-
sity. Parents may be criticized for failing to teach their children
healthy eating habits and for their failure to set better examples in
their own diet and physical activity behaviors. Schools may also
be criticized for their lack of attention to these issues. Pro m i s i n g
strategies and programs to encourage better nutrition and physical
activity in schools have been developed, but many superintend-
ents, principals, and teachers seem uninterested in implementing
them or, perhaps, are too overwhelmed with other priorities.
Managed care systems and other health care providers might also
be cited for giving too little attention to obesity as a health issue in
their patients, whether related to a lack of time or to the lack of
reimbursement for prevention or treatment services for obesity.

Although it is possible to cite many sectors of society
that may be contributing to, or failing to address, the pro b l e m
of child obesity, this is unlikely to be a useful process.  Rather,
the multiple sectors and complex factors affecting child obesi-
ty indicate that this problem is not the result of a few isolated
influences, but rather is best understood as an unintentional
consequence of broad social, economic, and lifestyle changes.
If “blame” is to be placed for causing the increase in child obe-
s i t y, it rests broadly across many segments of our society. In a
real sense, we are all responsible, and therein lies the complex-
ity of the problem. It is tempting to think that if we just elimi-
nated fast-food restaurants or reduced television viewing, we
would solve the problem. However, the solution is not that sim-
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pregnancy, and teen violence. Childhood obesity is considered a
low priority, and this translates into insufficient resources and
lack of sustained support. One problem with childhood obesity
has been the perception that it is not an immediate crisis and that
there is plenty of time to deal with the problem. Unfortunately,
children are already suffering serious social (e.g., discrimination)
and health (e.g., type 2 diabetes) consequences of their obesity.
How much worse do the consequences of obesity have to get
before the public recognizes the seriousness of the threat it poses?

One of the issues in raising awareness is the question of
how to frame the message. One option is to focus attention on the
problem of obesity and its associated health problems. However,
if the emphasis is on obesity and body fat, we risk stigmatizing
overweight children and possibly contributing to the risk of eat-
ing disorders. However, a message that focuses more positively on
the promotion of physical activity and nutrition may not instill
any sense of urgency. Perhaps the message needs to be adapted to
the specific setting. For example, positive messages promoting
the benefits of nutrition and physical activity could be used in
school and community settings. Messages citing the health
impact and health care costs associated with obesity may be more
effective in efforts to enlist the support of political leaders and
health care managers. Many people in the obesity, nutrition, and
physical activity communities want to address childhood obesity.
However, we cannot form a united effort until we deal with how
to frame our message and agree on the banner under which we
will march together.

Future Directions

The complexity of the issue of child obesity signals the need for
coordinated actions by people and organizations from many sec-
tors of society. The problem of obesity will be addressed success-
fully only when partnerships are formed that link efforts among
individuals and organizations working in health care, schools,
and the community. The formation of partnerships involving
researchers, health care professionals, educators, and community
and business leaders is an obvious first step. Partners from the
food industry can contribute substantially, as can partners from
manufacturers of sports and exercise equipment. Some industries
whose products may promote inactivity, such as producers of tel-

ships with health care and education professionals and with
youth program leaders in the community to develop more feasi-
ble and sustainable intervention programs both within health
care, school, and community settings and across multiple settings
and constituencies.  

Development of a unified strategy to prevent child obesity
does not imply a focus on a single type of intervention. We need
to explore a variety of strategies that together can have a significant
impact based on the best available data. As reviewed by Resnicow,2

a variety of strategies have been explored in school, community,
and health care settings with some encouraging re s u l t s .
P romoting physical activity is likely to be a key component of a
successful strategy. Although some might say that definitive data
a re lacking to show that getting children to be more active will
reduce the risk of obesity, the available data are strong and suggest
that this is the case. There are other potential interventions that
need to be further explored, including strategies to address the
availability of healthy foods in cafeterias and vending machines in
schools and interventions to modify the consumption of high-fat,
h i g h - e n e rgy diets. We need to sort out what we know and what
we do not know about the relationship of these factors to obesity
and to understand which interventions work and which do not. 

Many ongoing community programs have not been ade-
quately evaluated. Researchers with evaluation skills need to join
f o rces with community organizations to evaluate interv e n t i o n s
and to implement those that work best. Also, ways must be found
to ensure the sustainability of programs. Many times when initial
s u p p o rt for a community program disappears, the program goes
a w a y. The best time to consider the sustainability of programs is in
the planning phase, not after the evaluation is complete. 

Low Awareness and Priority 

A third challenge to effective prevention efforts is the relatively
low level of awareness and priority given to obesity as a health
issue. Even if effective interventions and a unified strategy could
be defined, obesity prevention will not receive priority attention
until awareness is increased and obesity is placed substantially
higher on the list of perceived public health problems. The fact is
that childhood obesity is not on the radar screen of policy mak-
ers.  It does not capture attention in the same way as AIDS, teen
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pline problems. We do not at present have sufficient data to make
this linkage conclusively, but we should be collecting such data
and encouraging research in this area. 

The incentives and motivation to address child obesity
seem even less clear for the community setting. Perhaps the
main deterrent for community action is the low level of aware-
ness of obesity as a health problem. To address this issue,
o p p o rtunities might be sought to link obesity prevention eff o rt s
with related social and health concerns that are a high priority
in the community. For example, there is a high level of concern
about child safety and the need for safe child care pro g r a m s
during after-school hours. These concerns may stimulate a high
level of interest in well-supervised after-school programs that
could emphasize physical activity as well as educate childre n
about healthy eating practices. Such programs can be pro v i d e d
in partnership with local parks and re c reation associations,
YMCAs, and other organizations. Partnerships might also be
f o rmed with local police to improve safety around parks and
re c reational facilities.  Safety may be a primary motivation for
p a rents to send their children to such programs, but they may
also find it appealing that their children will be learning about
nutrition and participating in healthy physical activities.

If adequate resources are to be mobilized to address child
obesity, a way must be found to bring this issue to the attention
of policy makers at the local, state, and national levels. The most
successful strategy for achieving this goal may involve both a bot-
tom-up and a top-down approach. The bottom-up approach is
developed at the community level. For example, in the school set-
ting the key factor in success may be gaining the support of the
principal or the administrator responsible for after-school pro-
grams. Getting that support may be achieved step by step by
identifying the barriers, such as lack information about program
options or concerns about program costs, and working to address
each barrier one by one.

Development of top-down awareness is also critical.
Success here will involve the development of a plan for a nation-
al campaign to increase awareness about child obesity. This cam-
paign would provide information to policy makers and the gen-
eral public about the importance of healthy diets and physical
activity for children and the relationship of these factors to obesi-

evision programs, computer equipment, and video games, may
be unaware that they are part of the problem or that they could
potentially be part of prevention efforts. Individuals and organi-
zations working to address the problem of child obesity will ben-
efit from considering a wide range of potential partner organiza-
tions and from involving them in developing and sustaining
intervention efforts. 

The recent re p o rt on obesity from a World Health
O rganization expert consultation4 concluded that obesity must
be dealt with as a public health problem, and challenged each
c o u n t ry to develop a specific plan of action.  However, given
the complex, multifactorial causes of child obesity and the dif-
fusion of responsibility for the problem, it is unclear who will
take the leadership in formulating a comprehensive plan to
a d d ress obesity in US children. The Healthy People 2010
G u i d e l i n e s5 p rovide appropriate goals for our battle against the
epidemic of obesity. What is missing is a plan on how we are to
achieve these goals. We have lost, not gained, ground in this
a rea over the past few decades. What is clear is the need for a
plan that includes prevention eff o rts in health care, school, and
community settings and that provides for coordination to allow
e ff o rts to be synergistic. 

Although a comprehensive, national plan to deal with
obesity is clearly needed, it would be a mistake to defer or lessen
intervention efforts until such a plan is developed. Rather, ways
must be actively sought to raise awareness about the health impli-
cations of obesity and to test and implement intervention efforts
in health care, school, and community settings. Generating
awareness and motivating action in the health care setting may be
the most readily achievable, since health care professionals are
increasingly encountering overweight children in their daily prac-
tice and there is clear evidence that obesity produces health prob-
lems and increases health care costs. Stimulating awareness and
commitment in the school setting may be more diff i c u l t .
Teachers, principals, and superintendents would be more likely
to give priority to obesity prevention efforts if these efforts were
more clearly linked to their primary concerns of increasing aca-
demic performance. It would be extremely valuable to be able to
link obesity prevention efforts, such as improved nutrition edu-
cation, food services, and physical activity programs, to improved
academic performance, better attendance, or a reduction in disci-
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ty, related health risks, and health care costs. Currently, no such
plan exists. But the development of awareness at the national
level is a vital long-range goal.

Conclusion

The factors leading to the increasing prevalence of child obesi-
ty are complex and will not respond to single interventions in
health care, school, or community settings or to isolated poli-
cy and environmental changes. The principal determinants of
f u t u re success are likely to lie in finding effective ways to raise
a w a reness, building broad-based partnerships, and developing
unified strategies. Raising awareness about the importance of
obesity among parents, teachers, and community and political
leaders is a particularly critical need in gaining sustained sup-
p o rt for prevention eff o rts. Continued re s e a rch to define suc-
cessful intervention methods will be vital. Finally, the cre a t i v e
use of multiple communication channels, including pro f e s-
sional publications, conferences, and the Internet, will be vital
in eff o rts to share and update information about successful
i n t e rvention eff o rts.     
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II. Reviewing the Research on
Child and Adolescent
Obesity: What Do We Know?

Ken Resnicow, PhD.

This review of re s e a rch related to the prevention and
t reatment of obesity in children and adolescents
focuses on four domains: schools, clinics, communi-

ties, and enviro n m e n t / p o l i c y. The quantity and quality of
i n t e rvention re s e a rch in these domains are highly variable,
and there f o re the depth and breadth of this review diff e r
a c ross the four settings. The review concludes with re c o m-
mendations for future re s e a rc h .

School-based interventions

For several reasons, the school re p resents a potentially attrac-
tive intervention channel. Schools provide access to childre n .
M o re than 95% of U.S. 5–17-year-olds are enrolled in school,1

and no other public institution has as much continuous and
intensive contact with children during their first two decades
of life. Children eat one to two meals per day in school, so the
school cafeteria re p resents a natural laboratory where stu-
dents can learn and practice positive nutrition habits. Schools
also contain potential positive role models in the form of
teachers and peers who can serve as a rich source of behav-
ioral re i n f o rcement. School programs, in contrast to clinical
i n t e rventions, can be delivered at little or no cost to families.
Also, health and education are inextricably linked2 – 4 h e a l t h y
c h i l d ren are better pre p a red to learn, and conversely, educa-
tional accomplishment and aspirations are linked to better
health status.5 – 1 6

Over the past 15 years, numerous school-based health

 



these interventions were successful in modifying diet and phys-
ical activity behaviors. More intensive and focused interven-
tions may be needed to alter physiologic outcomes. 

Four published interventions that targeted obesity as a
p r i m a ry outcome were identified.3 8 – 4 1 These studies include
t h ree conducted in the U.S. and one in Italy. One of the U.S.
s t u d i e s3 9 involved 18 curriculum lessons delivered to 102 third
t h rough fifth graders over a 2-year period as well as modifica-
tion of school lunch and physical activity programs. In the
Italian study,4 0 which lasted more than 5 years, 150 6- to 7-
y e a r-olds were provided with a curriculum by their classro o m
teachers and their parents received health education counsel-
ing. No control group was used. In another of the U.S. studies,
the recently published Planet Health pro j e c t ,3 8 which lasted
m o re than 2 years, approximately 1300 sixth and seventh
graders received an interd i s c i p l i n a ry curriculum that focused
on decreasing television viewing to less than 2 hours per day,
i n c reasing physical activity, decreasing consumption of high-
fat foods, and increasing consumption of fruits and vegetables.
The third U.S. study4 1 included a classroom curriculum to
reduce television and videotape viewing and video game use.
Specific intervention strategies included self-monitoring of tel-
evision viewing and other sedentary behaviors; a “turn o ff peri-
od” of no television or videos for 10 days followed by limiting
television time to 7 hours per week thereafter and more intel-
ligent and selective viewing; and restriction of television view-
ing time by an electronic timer attached to the power plug on
the home television. 

Two of the studies39,40 reported no significant effects on
adiposity, although the small sample sizes in both studies lim-
ited their statistical power. The results of the other two stud-
ies38,41 were more encouraging. As shown in the Figure 2-1, the
Planet Health study38 found a significant reduction in the preva-
lence of obesity (defined as BMI and triceps skinfold greater
than the 85th percentile) for girls in the treatment group rela-
tive to the control group. A significantly greater rate of obesity
remission was also observed in girls. No effects on prevalence,
incidence, or remission were observed for boys. Mediation
analyses revealed that the effects of the intervention on adipos-
ity were largely accounted for by changes in television viewing.

promotion interventions have directly or indirectly addressed
obesity. Thirteen primary prevention studies17-33 were identified
that addressed obesity within the context of broad-based car-
diovascular disease prevention, and four studies were identi-
fied36,38,41,43 that targeted obesity exclusively. Excluded were
studies that addressed diet or physical activity patterns but did
not include assessment of adiposity.

As shown in Table 2-1, of the 13 broad-based interven-
tions, seven were conducted in the United States (U.S.)17-

19,21,22,24,25 and six were international.28-33 Four of the seven U.S.
studies involved the Know Your Body program. Only one of the
seven U.S. studies showed a positive effect on body mass index
(BMI),18 and two of the six international studies found positive
effects on BMI. 28,31For studies where skinfolds were assessed,
two18,34 U.S. studies and two international studies showed sig-
nificant effects.28,31 As reviewed elsewhere,34–36 the methodolog-
ic rigor varied between the U.S. and international studies, with
the U.S. studies more likely to employ randomization and
appropriate statistical methods and to control for attrition. 

In sum, multiple-risk-factor intervention studies that
assessed adiposity show inconsistent effects. Whether such dif-
fuse interventions should be expected to alter endpoints such
as BMI is a matter of debate.37 It should be noted that several of
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* Reverse effect.

TABLE 2-1. Results from First-Generation School-based Obesity Prevention
Studies: Multiple-Risk-Factor Interventions

Obesity Prevention Studies BMI Skinfolds

U.S. studies
Stanford 17,18 Yes Yes
KYB 119,20 No —
KYB 1a 21 No —
KYB 2 22 No No
KYB 3 23 No —
CHIC 34 No Yes
CATCH 25,26 No No

International studies
Australia 27 No Yes
Crete 28 Yes No
Moscow 29 No Yes
Israel 30,31 Yes —
North Karelia 32 No* No 
Oslo 33 No No
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most conducted before 1990, were identified in a survey of
school-based obesity prevention studies.34 Positive effects on
adiposity were reported in 12 of these 13 studies. Despite the
somewhat positive results of these interventions, however, the
future of school-based treatment is questionable. Few if any
school-based obesity treatment interventions have been pub-
lished in the last 5 years. Several factors may underlie the lack
of school-based treatment programs, including a decrease in
school health personnel (e.g., school nurses), the low priority
given to funding nutrition and chronic disease prevention
activities in school health programs, fear of stigmatizing over-
weight youth, and difficulty obtaining third-party reimburse-
ment for these services.

Community Interventions

Despite the intuitive appeal of engaging the broader communi-
ty in the prevention and, perhaps to a lesser degree, the treat-
ment of obesity, the research base in this area is strikingly thin.
Only two intervention studies could be identified. The first, by
Stolley and Fitzgibbon,4 6 involved 65 low-income African
American girls and their mothers. The intervention could be

I n t e re s t i n g l y, the Planet Health program had a greater effect on
African American girls than on European American girls. Earlier
studies, mostly in adults, generally found African Americans to
be less responsive to weight loss interv e n t i o n s .4 2

In one of the U.S. studies, Robinson’s pilot study,4 1

a p p roximately 200 third and fourth graders and their pare n t s
f rom one intervention and one comparison school completed
baseline and 6-month follow-up assessments. The interv e n-
tion group showed a significantly lower increase in BMI, tri-
ceps skinfold, and waist circ u m f e rence than the comparison
g roup. The intervention youth also showed a significant
d e c rease in time spent watching television based on both child
and parent re p o rts compared with the control group. There
w e re no group diff e rences in self-re p o rted physical activity or
c a rdiovascular fitness.

The Planet Health study38 and the Robinson television
reduction study41 represent what could be considered exem-
plars of a second generation of school-based obesity prevention
interventions. As shown in Table 2-2, other school-based obe-
sity prevention intervention trials incorporate state-of-the-art
intervention and assessment methods that may yield more
promising results than earlier studies. These are randomized
trials with elegant designs, appropriate statistical methods, and
a strong grounding in behavioral theory. Several focus on
reducing sedentary behaviors, which may be more effective
than directly reinforcing diet or physical activity change.44,45

The school has also been used as a setting for the clinical
treatment of overweight youth. Thirteen treatment studies,
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TABLE 2-2. Second-Generation School-based Obesity Prevention Interv e n t i o n s

Study Duration Intervention

Reducing TV41 2 years Classroom curriculum and parent newsletter to
reduce TV, video tape, video game use

Planet Health38 2 years Interdisciplinary curriculum to decrease seden-
tariness, increase physical activity, improve diet. 

Pathways43 3 years Physical activity, food service, classroom curricu-
lum, family involvement

OPPrA41 3 years Classroom curricula (5-A-Day, reducing TV,
reducing high-fat junk food and fast food), phys-
ical education, food service, parent newsletters
and video, intensive intervention for overweight
children

PEACH18 2 years Culturally specific classroom curricula (5-A-Day,
reducing high-fat junk food and fast food), phys-
ical education, food service, parent newsletters
and video

Figure 2-1. Results
of Planet Health 
(recreated from 
reference 38)

From reference 36.
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cise changes. None of the other psychosocial outcomes diff e re d
significantly between the two groups. The 24-hour recall and food
f requency questionnaire data indicated that high attenders re p o rt-
ed lower total energy and percent energy from fat as well as lower
c h o l e s t e rol and sodium intakes at post-test than did low attenders. 

Although the findings were in the favorable direction, no
statistically significant differences were observed between high

classified as both primary and secondary prevention because
approximately 20% of the girls and 60% of the parents were
overweight. The program was conducted through the Cabrini-
Green literacy program in Chicago. Over 12 weeks, youth and
parents met together and received interactive lessons related to
low-fat eating and increased physical activity. Many of the les-
sons were adapted from the Know Your Body program. The fea-
sibility results of this pilot study were encouraging because
75% of the mother-daughter dyads attended at least 50% of the
sessions. For mothers, there was a significant positive change
in diet, e.g., lower saturated-fat intake and percent kilocalories
from fat. There were no effects on mothers’ adiposity. For
daughters, there was a significant decrease in percent calories
from fat. Results for girls’ adiposity were not reported. 

The second community-based intervention, Go Girls!,
was recently conducted by Resnicow et al.47,48 Go Girls! target-
ed low-income overweight African American adolescent
females in four Atlanta public housing developments. The
intervention consisted of biweekly group sessions for 4 months
and weekly sessions for 2 months. Each session comprised
three elements: (a) an interactive educational/behavioral activ-
ity, (b) 30–60 minutes of physical activity, and (c) preparation
and tasting of low-fat, portion-controlled recipes. The inter-
vention used a social cognitive framework aimed at improving
both diet and physical activity patterns. Pre- and post-program
assessment included multiple measures of diet and adiposity,
blood lipids, blood pressure, self-reported physical activity, and
cardiovascular fitness, as well as knowledge and attitudes relat-
ed to nutrition and physical activity.

Given the developmental nature of the program, no contro l
g roup was used. Instead, results were compared for high and low
attenders, with the former defined as attending at least 50% of the
sessions. (Table 2-3) Fifty-four percent were classified as low
attenders (attended < 50% of sessions) and 46% as high attenders
(attended > 50% of sessions). Approximately 60% of the girls
attended each session. At 6-month follow-up, high attenders had
significantly higher nutrition knowledge scores than did low
attenders. They re p o rted significantly better low-fat practices,
g reater perceived positive dietary changes, and greater perc e i v e d
social support from friends and family for making diet and exer-
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*From reference 48.
† Means are adjusted for age and baseline values. 
‡ Difference between posttest and baseline values. 
§ P value based on adjusted log-transformed posttest means.

TABLE 2-3. Preliminary 6-Month Outcomes for Go Girls!: Dietary and
Physiologic Measures (1997–1998)*

High Attenders (n=22) Low Attenders (n=20)
Adjusted Mean† Raw Change‡ Adjusted Mean Raw Change  
(SD) (SD)

24-hour recall data§ 
Total kilocalories 2011 -178 2357 +117 

(883) (1060)
% kcal from fat 34.6 -3.2 36.5 +0.22 

(4.9) (3.9)
Fiber (g) 15.1 +1.4 14.8 +0.62 

(6.2) (7.8)
Cholesterol (mg) 218 -52.0 265 +60 

(74) (102)
Food frequency data
Total kcal 2187 -1108 2988 -242 

(1216) (1899)
% kcal from fat 42.3 +0.84 42.7 +1.2

(4.1) (5.4)
Fiber (g) 10.4 -8.5 13.4 -4.1 

(5.3) (9.1)
Cholesterol (mg) 393 -155 466 -54

(291) (329)
Sodium (mg) 3107 -2230 4069 -775 

(1814) (2343)
Physiologic measures
BMI 35.3 +0.7 35.5 + 0.9 

(7.9) (6.8)
% Body fat 
from skinfolds 44.7 -0.8 46.4 + 0.4 

(7.9) (10.3)
DEXA (% body fat) 44.4 -0.1 46.3 + 1.5

(5.2) (4.2)
Total cholesterol
(mg/dL) 159 -12.5 162 -5.6 

(18.9) (30.0)
HDL cholesterol
(mg/dL) 44.4 +0.6 44.1 -5.9 

(12.6) (6.8)
Systolic blood 
pressure (mm Hg) 108 -6.0 113 -2.8



cise changes. None of the other psychosocial outcomes diff e re d
significantly between the two groups. The 24-hour recall and food
f requency questionnaire data indicated that high attenders re p o rt-
ed lower total energy and percent energy from fat as well as lower
c h o l e s t e rol and sodium intakes at post-test than did low attenders. 

Although the findings were in the favorable direction, no
statistically significant differences were observed between high

classified as both primary and secondary prevention because
approximately 20% of the girls and 60% of the parents were
overweight. The program was conducted through the Cabrini-
Green literacy program in Chicago. Over 12 weeks, youth and
parents met together and received interactive lessons related to
low-fat eating and increased physical activity. Many of the les-
sons were adapted from the Know Your Body program. The fea-
sibility results of this pilot study were encouraging because
75% of the mother-daughter dyads attended at least 50% of the
sessions. For mothers, there was a significant positive change
in diet, e.g., lower saturated-fat intake and percent kilocalories
from fat. There were no effects on mothers’ adiposity. For
daughters, there was a significant decrease in percent calories
from fat. Results for girls’ adiposity were not reported. 

The second community-based intervention, Go Girls!,
was recently conducted by Resnicow et al.47,48 Go Girls! target-
ed low-income overweight African American adolescent
females in four Atlanta public housing developments. The
intervention consisted of biweekly group sessions for 4 months
and weekly sessions for 2 months. Each session comprised
three elements: (a) an interactive educational/behavioral activ-
ity, (b) 30–60 minutes of physical activity, and (c) preparation
and tasting of low-fat, portion-controlled recipes. The inter-
vention used a social cognitive framework aimed at improving
both diet and physical activity patterns. Pre- and post-program
assessment included multiple measures of diet and adiposity,
blood lipids, blood pressure, self-reported physical activity, and
cardiovascular fitness, as well as knowledge and attitudes relat-
ed to nutrition and physical activity.

Given the developmental nature of the program, no contro l
g roup was used. Instead, results were compared for high and low
attenders, with the former defined as attending at least 50% of the
sessions. (Table 2-3) Fifty-four percent were classified as low
attenders (attended < 50% of sessions) and 46% as high attenders
(attended > 50% of sessions). Approximately 60% of the girls
attended each session. At 6-month follow-up, high attenders had
significantly higher nutrition knowledge scores than did low
attenders. They re p o rted significantly better low-fat practices,
g reater perceived positive dietary changes, and greater perc e i v e d
social support from friends and family for making diet and exer-

16 ■ CHILDHOOD OBESITY REVIEW OF RESEARCH ON CHILD AND ADOLESCENT OBESITY ■ 17

*From reference 48.
† Means are adjusted for age and baseline values. 
‡ Difference between posttest and baseline values. 
§ P value based on adjusted log-transformed posttest means.

TABLE 2-3. Preliminary 6-Month Outcomes for Go Girls!: Dietary and
Physiologic Measures (1997–1998)*

High Attenders (n=22) Low Attenders (n=20)
Adjusted Mean† Raw Change‡ Adjusted Mean Raw Change  
(SD) (SD)

24-hour recall data§ 
Total kilocalories 2011 -178 2357 +117 

(883) (1060)
% kcal from fat 34.6 -3.2 36.5 +0.22 

(4.9) (3.9)
Fiber (g) 15.1 +1.4 14.8 +0.62 

(6.2) (7.8)
Cholesterol (mg) 218 -52.0 265 +60 

(74) (102)
Food frequency data
Total kcal 2187 -1108 2988 -242 

(1216) (1899)
% kcal from fat 42.3 +0.84 42.7 +1.2

(4.1) (5.4)
Fiber (g) 10.4 -8.5 13.4 -4.1 

(5.3) (9.1)
Cholesterol (mg) 393 -155 466 -54

(291) (329)
Sodium (mg) 3107 -2230 4069 -775 

(1814) (2343)
Physiologic measures
BMI 35.3 +0.7 35.5 + 0.9 

(7.9) (6.8)
% Body fat 
from skinfolds 44.7 -0.8 46.4 + 0.4 

(7.9) (10.3)
DEXA (% body fat) 44.4 -0.1 46.3 + 1.5

(5.2) (4.2)
Total cholesterol
(mg/dL) 159 -12.5 162 -5.6 

(18.9) (30.0)
HDL cholesterol
(mg/dL) 44.4 +0.6 44.1 -5.9 

(12.6) (6.8)
Systolic blood 
pressure (mm Hg) 108 -6.0 113 -2.8



Interestingly, the behavioral choice approach may not
work as well for dietary behavior. In one study involving over-
weight youth and their parents, directly reinforcing fruit and
vegetable intake led to a greater increase in fruit and vegetable
intake than did an intervention that targeted reduced con-
sumption of high-fat/high-sugar foods.58

Another important finding, which again derives larg e l y
f rom Epstein et al’s studies, is that children appear to main-
tain weight loss better than adults.5 9 A d d i t i o n a l l y, reduction in
adiposity is usually accompanied by favorable changes in car-
diovascular risk factors, such as blood lipids, serum insulin,
leptin, and blood pre s s u re .4 9 , 5 2 , 6 0 M o re o v e r, interventions have
not been shown to increase the likelihood of undern u t r i t i o n
or disord e red eating.5 5

One element of the clinical literature that remains unre-
solved is the effects of involving parents in the treatment of
overweight youth. Despite an intuitive assumption that parents
are essential change agents for their children’s diet and physical
activity behaviors, the research in this regard is mixed. In the
10-year study by Epstein et al.61,62 the parent-child group did
better than the child-only group. Others, however, found little
or no added benefit of involving parents when treating over-
weight youth.63–66 One moderator variable that may explain
these inconsistent results is the child’s age. Studies by Epstein
et al., involving youth ages 6–12, found positive results where-
as most of the studies that found no benefit of involving par-
ents included somewhat older youth. As children approach
adolescence, involving their parents may be counterproductive.
Adolescents may reject parental efforts to shape diet and phys-
ical activity behaviors, whereas younger children may be more
responsive to parental intervention. 

With regard to treating children jointly with their parents,
results are again equivocal. Brownell et al.66 found that a moth-
er-child group treated separately did better than a group treat-
ed together. However, Wadden et al.65 found no differences
between groups with children treated together with mothers
and groups with children and mothers treated in separate but
concurrent sessions.65 Stolley and Fitzgibbon46 used joint moth-
er-daughter sessions in a low-income, African-American com-
munity and found no effects on parent or child adiposity.46

and low attenders for any of the physical measure s .
Nonetheless, although the magnitude of the differences was
small and should not be overinterpreted, there was a slight
trend favoring high attenders for most measures. Go Girls! was
designed as a feasibility study rather than an efficacy trial, and
the lack of statistical significance for outcomes should be tem-
pered by the fact that the sample size was small. Several of the
changes observed would have been statistically significant with
an additional 20 to 30 subjects. 

One set of studies that does not fit neatly into the school,
clinic, or community setting is the work of Gutin and others at
the Medical College of Georgia. This group has conducted sev-
eral physical training interventions with obese children and
adolescents,49–54 with intervention duration ranging from 10
weeks to 8 months and frequency ranging from 3 to 5 days per
week. Consistent positive changes in adiposity and cardiovas-
cular risk factors have been observed. These studies have estab-
lished both the feasibility (attendance was generally good) and
the efficacy of moderate and intensive programmed physical
training in the treatment of obese children and adolescents. 

Clinical Interventions

The literature on clinical intervention is extensive and has been
reviewed elsewhere.55–57 Here, only some key findings and
opportunities for future research are highlighted. Recent work
by Epstein et al44,45,56 has shown that efforts to decrease seden-
tariness may be more effective than directly encouraging
increased physical activity. This work has several implications.
First, these findings can be seen as contradicting the social cog-
nitive and behavioral models on which many current research
interventions are based. Rather than directly reinforcing (or
coercing) behavior change, there may be a benefit to providing
children with behavioral choice. Epstein et al. have inculcated
choice by creating a behavioral void, ie, reducing the amount of
sedentary activity, and allowing the child to fill the void with
self-selected activity. This in turn may impart a greater sense of
psychologic ownership over behavioral decisions, in contrast
to direct reinforcement, which, as dissonance theory might pre-
dict, could result in lower personal value placed on behaviors
that the individual must be coerced into changing. 
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One final interesting aspect of the clinical literature is that
most of the successful interventions were conducted by psy-
chologists or nutritionists rather than physicians. Yet physi-
cians remain the gatekeepers for the detection and treatment of
childhood obesity. This reflects a disconnect between research
and clinical practice. Whether other professions such as psy-
chologists or dietitians should be reimbursed directly for obe-
sity treatment should be examined. Additionally, if physicians
are going to continue serving as primary interventionists,
strategies to improve their behavioral skills and policies to
enable them to devote time to deliver these services effectively
are needed. Most successful obesity interventions were con-
ducted in sessions lasting 30 minutes or longer, whereas the
typical medical encounter is scheduled for 10–15 minutes.
Additionally, many of the successful interventions included a
group component, whereas most medical encounters are one
on one. Clearly, changes in the health care delivery system may
be needed to incorporate successful obesity treatment.

Despite the extensive literature on clinical interv e n-
tions, as noted by Barlow and Dietz in their introduction to an
e x p e rt committee recommendations for the prevention and
t reatment of obesity in childre n ,6 7 many of the standards of
c a re have not been subjected to rigorous evaluation: “Because
so few studies of this problem have been perf o rmed, the
a p p roaches to evaluation and therapy presented here rare l y
a re evidence-based” (p. E29).

Research is needed to determine the efficacy of many
practice recommendations (e.g., family involvement, use of
pharmacotherapy, group versus individual intervention) and to
determine how intervention strategies may function differently
across various demographic populations. 

Environmental/Policy Interventions

Altering the environment and creating policies and laws that
facilitate healthy eating and increased physical activity can
have a significant impact on the obesity epidemic. Although
numerous recommendations for such macro-level interven-
tions have been proposed, the research base in this area is vir-
tually nonexistent. “Little or no research has been conducted to
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document the effects of such changes, so the potential envi-
ronmental change from these public health approaches to mod-
ify individual behaviors remains largely unknown”68 (Page 2).

Infrastructure changes that have been proposed include
increasing the availability of safe and accessible play spaces,
including after-school physical education programs. This
includes paths for bicycling, in-line skating, walking, and jog-
ging as well as multipurpose play areas, tennis courts, swim-
ming pools, and so on. 

Possible policy changes include reducing taxes on sports
equipment and healthy foods and increasing taxes on high-fat
and unhealthful, unnutritious foods. Such tax laws, although
perhaps untenable at first glance, have precedent. In Australia,
a law was recently passed that eliminated the tax on sun-
screens. In the United States and elsewhere, cigarettes and alco-
hol are taxed more heavily than other consumer products.

Legislative intervention could also be used to limit the
content of advertising during childre n ’s television pro g r a m-
ming. There is considerable evidence that television advert i s-
ing affects childre n ’s food pre f e rences and consumption
habits; thus, limiting the frequency to which youth are
exposed to sophisticated advertisements could have a signifi-
cant impact on food choices.6 9 , 7 0 A p p roximately half of the
a d v e rtisements that youth are exposed to are for food items,
and in the vast majority of cases, 80%–90%, such ads are for
foods with low nutritional value.7 0 – 7 2

Other legislative measures that have been discussed
include warning labels on fast foods and high-fat snacks. When
warning labels were initially proposed for alcohol and tobacco
products in the U.S., there was considerable resistance on the
part of manufacturers, and proposing food warning labels
would no doubt meet with equal if not greater barriers. For
each of these changes—taxation, advertising restrictions, and
warning labels—determining what is considered “healthy” and
“unhealthy” and which products and services would be affect-
ed would undoubtedly be an extremely complicated process,
which might ultimately prove impossible. Despite the obvious
classification complexities and potential conflict with a free-
market system, it is recommended that expert panels compris-
ing behavioral researchers, health economists, and representa-
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“micro-level” differences. 55 For example, excess intake could
be the result of high-fat or high-sugar foods. For someone who
is a “high-fat food consumer,” with the use of a “tailored”
study, excess caloric intake could be attributed to one or two
foods, whereas for others, excess intake might result from a
variety of foods. In addition to a focus on specific foods, “tai-
loring” could also be used to account for eating patterns such
as consuming large serving sizes, finishing everything on one’s
plate, eating second helpings, or eating at “all you can eat”
establishments. The same applies to activity patterns, because
some youth may be classified as high sedentary and low activ-
ity whereas others may be classified as high activity and high
sedentary. For example, children could spend many hours a
week playing their favorite sport but also spend an equal num-
ber of hours watching the same sport on television. The inter-
vention required for high-activity/high-sedentary youth may
be quite different from the former case. 

Genetic and metabolic opportunities can also be tar-
geted. For example, individuals with a low resting metabo-
lism or low thermogenic response to food may re q u i re dif-
f e rent interventions. Similarly, individuals predisposed to
storing fat abdominally may respond diff e rently to an inter-
vention than those who store fat in their thighs, hips, and
buttocks. Interventions could also be tailored to family fac-
tors. For example, youth with two overweight parents may
re q u i re diff e rent interventions than youth with two lean par-
ents, whereas youth with psychologically high-functioning
p a rents may re q u i re diff e rent treatment than those with
p a rental psychopathology. Finally, as Gortmaker et al. sug-
g e s t ,3 8 i n t e rventions may also function diff e rently by gender
and ethnicity. 

Continued Behavioral Research

Additional basic research regarding the development and mod-
ification of eating and exercise habits is needed. One avenue
for exploration is satiety training, or what others have called
“conditioned satiation.”55 Satiety training entails increasing
individuals’ sensitivity to cues that ingestion should cease and
helping them redefine hunger impulses that may arise from
dysphoric affective states such as anxiety and depression rather

tives of industry be convened to seriously examine the feasibil-
ity and potential impact of such regulations. 

A related measure that has been proposed is the zoning of
fast-food restaurants and vendors of other calorically dense
products (e.g., donut shops). Studies are needed to determine
whether a relationship exists between the concentration of fast
food establishments and the eating habits and adiposity of local
residents. If so, regulations regarding how many fast food
establishments can exist within a geographic area might be
warranted. Analogous “zoning” already exists for casinos and
“adult” bookstores. Moreover, Sallis et al.,73 in a sample of 2000
C a l i f o rnia adults, demonstrated a significant association
between density of exercise facilities and frequency of exercise
among local residents. Related methods to map neighborhood
restaurants and food businesses have been developed.74

Synthesis, Summary, and Future Dire c t i o n s

Reconceptualization of Obesity

The effective treatment of obesity may be facilitated by its
reconceptualization. First, obesity should perhaps be consid-
ered more like cancer, i.e., not as one disease but as a rubric of
many diseases, each with somewhat different etiology, course,
and treatment. Tailored interventions may prove more effective
than standardized programs that adopt a “one size fits all”
approach. As noted by Epstein et al.,55 “Treating obesity as a
homogeneous condition, with all participants receiving a com-
mon intervention, might contribute to the mixed treatment
outcomes that are reported” (p. 566).

Individualizing treatment should entail not only tailor-
ing interventions to participants’ readiness to change75–77 but
also designing interventions according to individual eating and
exercise patterns and preferences as well as genetic and meta-
bolic characteristics. Dysregulation of energy balance can of
course be attributed to increased caloric intake or decreased
output. However, the way that increased intake or decreased
output manifests across individuals can be highly variable.
Nonetheless, few research interventions have attempted to tai-
lor diet and physical activity programs according to these more
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establishments. The same applies to activity patterns, because
some youth may be classified as high sedentary and low activ-
ity whereas others may be classified as high activity and high
sedentary. For example, children could spend many hours a
week playing their favorite sport but also spend an equal num-
ber of hours watching the same sport on television. The inter-
vention required for high-activity/high-sedentary youth may
be quite different from the former case. 

Genetic and metabolic opportunities can also be tar-
geted. For example, individuals with a low resting metabo-
lism or low thermogenic response to food may re q u i re dif-
f e rent interventions. Similarly, individuals predisposed to
storing fat abdominally may respond diff e rently to an inter-
vention than those who store fat in their thighs, hips, and
buttocks. Interventions could also be tailored to family fac-
tors. For example, youth with two overweight parents may
re q u i re diff e rent interventions than youth with two lean par-
ents, whereas youth with psychologically high-functioning
p a rents may re q u i re diff e rent treatment than those with
p a rental psychopathology. Finally, as Gortmaker et al. sug-
g e s t ,3 8 i n t e rventions may also function diff e rently by gender
and ethnicity. 

Continued Behavioral Research

Additional basic research regarding the development and mod-
ification of eating and exercise habits is needed. One avenue
for exploration is satiety training, or what others have called
“conditioned satiation.”55 Satiety training entails increasing
individuals’ sensitivity to cues that ingestion should cease and
helping them redefine hunger impulses that may arise from
dysphoric affective states such as anxiety and depression rather

tives of industry be convened to seriously examine the feasibil-
ity and potential impact of such regulations. 

A related measure that has been proposed is the zoning of
fast-food restaurants and vendors of other calorically dense
products (e.g., donut shops). Studies are needed to determine
whether a relationship exists between the concentration of fast
food establishments and the eating habits and adiposity of local
residents. If so, regulations regarding how many fast food
establishments can exist within a geographic area might be
warranted. Analogous “zoning” already exists for casinos and
“adult” bookstores. Moreover, Sallis et al.,73 in a sample of 2000
C a l i f o rnia adults, demonstrated a significant association
between density of exercise facilities and frequency of exercise
among local residents. Related methods to map neighborhood
restaurants and food businesses have been developed.74

Synthesis, Summary, and Future Dire c t i o n s

Reconceptualization of Obesity

The effective treatment of obesity may be facilitated by its
reconceptualization. First, obesity should perhaps be consid-
ered more like cancer, i.e., not as one disease but as a rubric of
many diseases, each with somewhat different etiology, course,
and treatment. Tailored interventions may prove more effective
than standardized programs that adopt a “one size fits all”
approach. As noted by Epstein et al.,55 “Treating obesity as a
homogeneous condition, with all participants receiving a com-
mon intervention, might contribute to the mixed treatment
outcomes that are reported” (p. 566).

Individualizing treatment should entail not only tailor-
ing interventions to participants’ readiness to change75–77 but
also designing interventions according to individual eating and
exercise patterns and preferences as well as genetic and meta-
bolic characteristics. Dysregulation of energy balance can of
course be attributed to increased caloric intake or decreased
output. However, the way that increased intake or decreased
output manifests across individuals can be highly variable.
Nonetheless, few research interventions have attempted to tai-
lor diet and physical activity programs according to these more
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using the Internet or multimedia technology such as interac-
tive CD-ROM and virtual reality devices. 

In summary, the amount, quality, and success of obesity
interventions vary across the four domains reviewed here. For
schools, despite the limited impact of the first generation of
preventive interventions, initial results from the second gener-
ation of interventions are more encouraging. 

For clinical interventions, perhaps the greatest challenge
lies in technology transfer: how do we enable practicing physi-
cians to incorporate into their practices successful research-
based interventions? Structural changes in how obesity treat-
ment is delivered and reimbursed are needed both to improve
physicians’ ability and willingness to provide these services
and to better engage psychologists, dietitians, and other behav-
ioral specialists who may be better prepared to treat this disor-
der. Third-party reimbursement for the evaluation and treat-
ment of pediatric obesity is limited. In one pediatric hospital,
only 11% of obesity-related charges were re i m b u r s e d .8 3

Without financial incentives, it is unlikely that practitioners
will invest the time and effort required to effectively treat the
condition. Community-based intervention research is in its
infancy. Basic studies demonstrating the efficacy of these inter-
ventions are needed, including studies examining their poten-
tial institutionalization.

There is reason for optimism. Over the past few years,
there has been a marked increase in federally funded behav-
ioral research related to obesity prevention in youth. Two
notable National Institutes of Health initiatives include four
prevention studies targeting African American youth funded
by the Heart, Lung, and Blood Institute (RFA HL 98-010) and
a trans-NIH initiative to develop innovative approaches to obe-
sity prevention and treatment (RFA DK 99-010). Although the
recent increase in pediatric obesity is sobering, the silver lining
may be the increased research it has spawned.  
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than from pure physiologic hunger. There is evidence that
overweight children are less sensitive to satiety cues than nor-
mal-weight youth and that they eat faster and decelerate their
eating more slowly toward the end of a meal.78 There has been
surprisingly little research into strategies to help individuals
bridge the 10–20-minute gap between consumption and phys-
iologic satiety. The concept of reconditioning overweight indi-
viduals to become more sensitive to internal cues dates back to
the 1970s, when it was proposed that overweight individuals
are more “externally bound” to hunger and satiety cues than
are nonoverweight people; that is, they are more likely to stop
eating when all the food is gone from their plate rather than in
response to internal sensations of satiety. Initial interventions
to address this problem largely involved the micromanagement
of eating, eg, cutting food into smaller pieces, chewing longer,
and so on. These strategies did not prove effective. However,
i n t e rventions that help individuals redefine and tolerate
hunger and satiety cues based on the analogous approaches
that have been used successfully for the management of chron-
ic pain79 may be applicable to obesity control. 

Other avenues for future research include exploring the
role of sugar and fat replacements. Although there is often
reluctance to incorporate into the diet foods with artificial
sweeteners and products that contain substances such as
olestra, evaluation of the impact of these technologic foods on
weight management in youth may be warranted. Similarly, the
role of pharmacologic therapy in youth, e.g., Meridia (sibu-
tramine) or Xenical (orlistat),8 0 should be considere d .8 1

Candidates for drug therapy might include youth with an
immediate medical need to lose weight, such as those with
severe weight-related sleep apnea, with morbid obesity, or for
whom surgery needed for other problems is precluded because
of their weight.82 The use of technology to limit television view-
ing also holds considerable promise. Devices that limit the
amount of time youth can watch television as well as devices
rigged to a television so that it operates only when a bicycle or
related apparatus is being pedaled have been tested in small
studies. Additional research is needed to test the feasibility and
effectiveness of incorporating these devices into commercially
viable products. Finally, research is needed to test interventions
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using the Internet or multimedia technology such as interac-
tive CD-ROM and virtual reality devices. 
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ment is delivered and reimbursed are needed both to improve
physicians’ ability and willingness to provide these services
and to better engage psychologists, dietitians, and other behav-
ioral specialists who may be better prepared to treat this disor-
der. Third-party reimbursement for the evaluation and treat-
ment of pediatric obesity is limited. In one pediatric hospital,
only 11% of obesity-related charges were re i m b u r s e d .8 3

Without financial incentives, it is unlikely that practitioners
will invest the time and effort required to effectively treat the
condition. Community-based intervention research is in its
infancy. Basic studies demonstrating the efficacy of these inter-
ventions are needed, including studies examining their poten-
tial institutionalization.

There is reason for optimism. Over the past few years,
there has been a marked increase in federally funded behav-
ioral research related to obesity prevention in youth. Two
notable National Institutes of Health initiatives include four
prevention studies targeting African American youth funded
by the Heart, Lung, and Blood Institute (RFA HL 98-010) and
a trans-NIH initiative to develop innovative approaches to obe-
sity prevention and treatment (RFA DK 99-010). Although the
recent increase in pediatric obesity is sobering, the silver lining
may be the increased research it has spawned.  
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III. The Rationale for a
Preventive Approach to
Obesity in Children

Michael I. Goran, PhD 

Specific prevalence estimates for obesity in children vary
depending on the population studied and the methods and
definitions used.  Current estimates suggest that overall,

a p p roximately 25% of children in the U.S. are obese, but signifi-
cant diff e rences have been observed in re g a rd to ethnic group. For
example, data from schoolchildren in Birmingham, AL,1 s u g g e s t
that when obesity is defined as an ideal body weight above 120%
of the re f e rence median, the prevalence in African-American girls
at age 10 years is 38% compared with 21% in white girls. Obesity
p revalence also varies in relation to cultural setting, gender, and
geographic location. Despite these variations in prevalence, obesi-
ty is increasingly viewed as a global epidemic, as outlined by the
World Health Org a n i z a t i o n .2

In this chapter, the rationale for a preventive approach for
the management of the obesity epidemic in children is present-
ed, with attention to the following five factors: 

• epidemiologic factors and future projections,

• health risk factors, 

• etiologic factors, 

• economic factors, and

• preventive versus treatment strategies.

Epidemiologic Factors

The secular increase in body weight in children has been well
documented over the last few decades.  Freedman et al.3 exam-



dren,12 and it is significantly related to negative health risk fac-
tors for Type 2 Diabetes and cardiovascular disease.8 These
observations are apparent across the spectrum of adiposity in
children.12 In addition, African American children display an
increased risk for Type 2 Diabetes that is not explained by dif-
ferences in adiposity.13,14 Growing evidence also supports the
relationship between obesity and cancer risk.15,16 Moreover,
o b e s i t y - related behaviors, including physical inactivity,
increase risk for breast cancer17 and colon cancer.18,19 In total,
dietary factors and physical inactivity associated with obesity
result in approximately 300,000 deaths per year, second only to
smoking.20 Thus, regardless of the mechanism, obesity in chil-
dren has serious and numerous negative health implications.

Etiologic Factors

The possible etiologic factors that cause obesity include genet-
ic abnormalities, dysregulation of energy balance, excessive
caloric intakes, and inadequate physical activity, or more like-
l y, a multifactorial, complex interaction of all of these factors.
Obesity is frequently defined as a simple problem of energ y
balance. The principle of energy balance—in which the ener-
gy input into the body (food intake) equals the energy output
f rom the body (energy expenditure)—is based on the First
Law of Thermodynamics. When energy input equals energ y
output, there is a maintenance of energy stores and no change
in body weight. An average 5-year-old consumes and expends
a p p roximately half a million calories per year. This consump-
tion and expenditure of energy is controlled such that under
usual circumstances, the only energy gain in the body is that
needed for growth (about 2% of ingested calories).
Disturbances in this control result in a failure to match energ y
intake with energy expenditure, which may result in excess or
i n s u fficient energy storage. 

It is not yet known whether obesity is explained by excess
intake relative to expenditure or by defective expenditure rela-
tive to intake, or a combination. Both are likely such that o b e-
sity is best understood as a failure of the control mechanisms
to match intake with expenditure. In fact, only a very small
e rror in this matching over time can lead to obesity. S t u d i e s
have shown that in children, an excess of intake over expen-

ined 26,000 measurements of body weight in 11,000 children
and showed that the secular increase in body weight was 0.2 kg
per year.  Obesity is also a persistent problem,4,5 and the degree
of persistence into adulthood changes with the age at which
obesity originally develops. For example, if obesity is apparent
at 7 years of age, the likelihood of persistence into adulthood is
about 41%.  If obesity is apparent at adolescence, the persist-
ence into adulthood is almost a certainty, at 80%. Also, as
shown by Whitaker et al.,6 the odds ratio for obesity in adult-
hood (adjusted for parental obesity) increases with age.
Finally, obesity is familial: the likelihood of obesity in children
is 9% if both parents are lean, but rises to 60%–80% when both
parents are obese.7 The projected outcome of these epidemio-
logic observations is a tremendous increase in the prevalence of
obesity in future generations. Thus, obesity is a substantial cur-
rent problem that is projected to worsen in future generations.

Health Risk Factors

Child obesity is not an issue solely related to body weight and
physical appearance. Even in childhood, obesity has serious
health implications. From a health perspective, there are numer-
ous implications for our nation and for global health in general.
The relationship between obesity and increased risk for card i o-
vascular disease is apparent early in life.8 In addition, obesity dur-
ing childhood significantly increases the risk for non-insulin-
dependent diabetes mellitus (Type 2 Diabetes) later in life.8

Recent epidemiologic data show that even though NIDDM is typ-
ically thought of as an adult disease, its incidence is incre a s i n g
dramatically in children and is related to increased obesity. The
major risk factors for Type 2 Diabetes in children are obesity and
family history of Type 2 Diabetes, with the highest pre v a l e n c e
o b s e rved in African American females,9 a subgroup of the popu-
lation with a higher prevalence of obesity.1 Other health risks of
obesity in children include psychosocial maladjustment, early
maturation, orthopedic problems, and sleep apnea.1 0

Increased obesity is hypothesized to increase the risk of
NIDDM and cardiovascular disease through the effects of vis-
ceral fat;8 the exact mechanism(s) of this effect, however, is not
clearly known. Visceral fat, or fat surrounding the organs, is
associated with the negative health effects of obesity in adults.11

Visceral fat begins to build up early in life and is present in chil-
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sity is best understood as a failure of the control mechanisms
to match intake with expenditure. In fact, only a very small
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and showed that the secular increase in body weight was 0.2 kg
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obesity originally develops. For example, if obesity is apparent
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about 41%.  If obesity is apparent at adolescence, the persist-
ence into adulthood is almost a certainty, at 80%. Also, as
shown by Whitaker et al.,6 the odds ratio for obesity in adult-
hood (adjusted for parental obesity) increases with age.
Finally, obesity is familial: the likelihood of obesity in children
is 9% if both parents are lean, but rises to 60%–80% when both
parents are obese.7 The projected outcome of these epidemio-
logic observations is a tremendous increase in the prevalence of
obesity in future generations. Thus, obesity is a substantial cur-
rent problem that is projected to worsen in future generations.

Health Risk Factors

Child obesity is not an issue solely related to body weight and
physical appearance. Even in childhood, obesity has serious
health implications. From a health perspective, there are numer-
ous implications for our nation and for global health in general.
The relationship between obesity and increased risk for card i o-
vascular disease is apparent early in life.8 In addition, obesity dur-
ing childhood significantly increases the risk for non-insulin-
dependent diabetes mellitus (Type 2 Diabetes) later in life.8

Recent epidemiologic data show that even though NIDDM is typ-
ically thought of as an adult disease, its incidence is incre a s i n g
dramatically in children and is related to increased obesity. The
major risk factors for Type 2 Diabetes in children are obesity and
family history of Type 2 Diabetes, with the highest pre v a l e n c e
o b s e rved in African American females,9 a subgroup of the popu-
lation with a higher prevalence of obesity.1 Other health risks of
obesity in children include psychosocial maladjustment, early
maturation, orthopedic problems, and sleep apnea.1 0

Increased obesity is hypothesized to increase the risk of
NIDDM and cardiovascular disease through the effects of vis-
ceral fat;8 the exact mechanism(s) of this effect, however, is not
clearly known. Visceral fat, or fat surrounding the organs, is
associated with the negative health effects of obesity in adults.11

Visceral fat begins to build up early in life and is present in chil-
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week of reported activity may be more significantly related to
adiposity in children than the combined energy cost.27 There is
a paucity of longitudinal and cause-and-effect data to provide
compelling evidence that reduced physical activity in children
leads to obesity and disease outcome later in life. Several stud-
ies in adults, however, have clearly linked physical activity to
disease outcome. In a Finnish twin study of 16,000 men and
women followed for 20 years,28 those who exercised moderate-
ly had a significantly reduced odds ratio for death. The effect
was more pronounced in women.

T h e re is clearly a genetic and familial aspect to obesity,
which is likely to be complex and involve multiple genes.2 9

Genetic factors alone, however, cannot explain the sudden
i n c reased prevalence of obesity in populations around the
globe, because changes in the gene pool cannot occur that
r a p i d l y. It there f o re seems likely that the involvement of
genetic factors will prove to be important in terms of gene-
e n v i ronment interactions.3 0 Specific changes in the enviro n-
ment may trigger expression of certain genes that occur only
in genetically susceptible individuals. The increased obesity
and diabetes in Pima Indians living in Arizona may be an
example of this phenomenon.3 1

Thus, from an etiologic perspective, the mechanism of
obesity remains unknown, but it may be the result of the inter-
action of a normal physiologic system with an enviro n m e n t
that promotes obesity because of an increasing sedentary life-
style coupled with increased food availability.

Economic Factors

Providing treatment for health problems associated with obesi-
ty has been projected to incur health care costs of about $100
billion per year in adults.32 Because obesity can be a lifelong dis-
ease beginning in childhood, it clearly may be more cost effec-
tive to prevent rather than treat obesity.  The cost of obesity
prevention is unknown, but is likely to be far less than $100
billion per year.  Furthermore, changing behavior in children
may have long-lasting effects.  Also, prevention has been very
successful for a number of other health outcomes requiring
health behavior change, including such major public health
challenges as smoking and Human Immuno-Deficiency Virus.

d i t u re of less than 50 kcal (209 kJ) per day can result in obe-
sity over time.2 1

Abnormalities in energy expenditure have been widely
examined as a possible contributing factor to the increased
prevalence of obesity. The simple hypothesis is that an abnor-
mally low energy expenditure and/or increased energy intake
increases the risk of obesity because of a greater likelihood of
positive energy balance.  From an evolutionary perspective, it
is implausible that basal metabolic rates in humans have plum-
meted in the last 20 years. It is far more likely that energy
expenditure through voluntary physical activity has declined.
Dietary factors such as increased food availability are obvious-
ly important from the standpoint of environmental influences.
However, recent decreasing trends in fat and calorie intake have
not been linked to a reduction in obesity; in fact, obesity has
continued to increase despite increased consumption and avail-
ability of reduced-fat foods.22

For these reasons, physical activity, or more pre c i s e l y
physical inactivity, is an important etiologic factor in under-
standing obesity trends. Modernization and technology have
led us to become a more sedentary society because of the
d e c reased need for physical activity. In fact, small re d u c t i o n s
in physical activity can contribute to obesity. Between
1976–1980 and 1988–1991, the average weight gain in adults
was 3.6 kg, which could be explained by a calorie surfeit of
50 kcal (209 kJ) per day.2 3 This calorie surfeit can occur, for
example, by sitting rather than walking for just 15 minutes
per day.2 4 Epidemiologic data suggest that 20% of U.S. chil-
d ren do not get more than 2 hours of vigorous physical activ-
ity per week and that 67% of U.S. children watch more than
2 hours of television per day.2 5 Fewer than 36% of U.S. chil-
d ren get physical education on a daily basis, and often most
of the class time is spent being physically inactive.2 6 R e c e s s
has practically disappeared from U.S. schools.

Examination of the role of physical activity in the etiolo-
gy of obesity is complicated by the multidimensionality of
physical activity. Depending on how the data are expressed,
some cross-sectional studies show the expected inverse corre-
lation between adiposity and physical activity in children,
whereas others do not.27 We previously showed that hours per
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that promote obesity in our society include an abundance of
food coupled with a decreased requirement or stimulus for
physical activity such that energy accumulates in the body.
This type of adaptation to the environment is not an unusual
phenomenon. These are normal physiologic adaptations that
developed evolutionarily for survival but that are dysfunction-
al and counterproductive in the context of our highly mecha-
nized and generally affluent life-style. 

Obesity is a complex disease, and additional insight is
required to design effective preventive programs. However,
because of the seriousness of the problem, preventive efforts
must begin immediately and continue to be modified as we
learn more about the etiology of the obesity epidemic. This
approach mirrors the strategy currently being used for other
complex diseases associated with behavior, such as HIV, heart
disease, and some cancers, especially those related to smoking
behavior. For example, smoking prevention efforts have had
major effects in reducing lung cancer, even though the mecha-
nism for lung cancer is not fully elucidated. 

Conclusion

The increased obesity in our society is likely the result of the
m o d e rnization of our environment, in which there is an incre a s e d
availability of food and a decreased re q u i rement and stimulus for
physical activity. Because obesity in children has long-lasting and
serious negative health consequences that may affect the health of
f u t u re generations, eff o rts must begin immediately to mount a
unified and cooperative strategy to prevent obesity in childre n .
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FOREWORD

Su rveys conducted in the United States and other countries
over the last several decades have documented an alarm i n g
i n c rease in the prevalence of obesity, not only in adults but

also in children and adolescents. This obesity “epidemic” has signif-
icant implications for both current and future health risks, including
especially increased risk for diabetes, cardiovascular disease and
other chronic diseases. One might think that the causes of such a
substantial increase in obesity would be easy to identify. But, in fact,
the causes are complex and are linked to a variety of social, eco-
nomic, and lifestyle changes that have combined to upset the bal-
ance of energy intake and expenditure .

The complexity of the causes of increasing obesity also pres-
ents a variety of challenges in addressing the problem. There is a
lack of proven intervention strategies, especially considering the
tendency of individuals to regain weight even after successful ini-
tial weight loss. And, although the level of awareness of child obe-
sity as a health concern has been increasing, there is still insuffi-
cient attention and priority given to addressing this issue. 

Recognizing the importance of child obesity, the
I n t e rnational Life Sciences Institute Center for Health Pro m o t i o n
s p o n s o red a conference in May, 1999 to address this issue. Co-
sponsors included the Emory University School of Medicine, the
G e o rgia Health Foundation, the Centers for Disease Control and
P revention, the National Institutes of Health and the American
Cancer Society. The program included plenary and concurrent ses-
sions addressing key issues in obesity assessment, prevention and
t reatment in healthcare, school and community settings.
Concluding sessions considered the future directions and re s e a rc h
needed to better address the challenges presented by the continu-
ing increase in obesity among children and adolescents. 

This monograph presents four key papers from the confer-
ence, addressing a variety of topics relating to obesity assessment,
p revention, treatment and re s e a rch needs. It is hoped that these
papers will contribute to an increased awareness of the import a n c e
of child obesity as an international health issue and to an impro v e d
p e rception of the actions needed to better address this critical issue.  



I V. Prevention of Childhood
Obesity: Individual,
Environmental, and Policy
Issues

William H. Dietz, MD, PhD

Obesity has become the most prevalent nutritional dis-
ease in the U.S. Estimates from the Third National
Health and Nutrition Examination Survey (NHANES

III) suggest that 10%–15% of children and adolescents in the
United States now have a body mass index (BMI) ≥ 95th per-
c e n t i l e .1 F u rt h e rm o re, the prevalence of obesity in children has
i n c reased by more than 100% between 1980 and 1991.1

Although the rate of the recent increase in prevalence appears
comparable in black and white children and adolescents, the
p revalence of obesity is higher in African American childre n .
Obesity in children is not simply a cosmetic problem. For exam-
ple, more than 60% of obese children and adolescents have at
least one additional cardiovascular risk factor, and 20% have two
or more .2 Despite the prevalence of obesity and its associated
morbidities, few specialized re f e rral centers are available to tre a t
the morbidly obese. Likewise, almost no re s e a rch exists to
i n f o rm the treatment of obesity in primary care settings.

The prevalence of obesity and the lack of adequate tre a t-
ment protocols or clinics to provide care suggest that eff o rt s
should focus on both primary and secondary prevention. The
most vital elements to successful prevention are the development
of a better understanding of the critical periods in childhood for
the development of obesity that persists into adulthood and of
additional factors related to the onset of obesity that promote its
persistence; identification of causal factors that re p resent re a s o n-
able targets for intervention; and the development of successful
i n t e rventions. Each of these areas will be considered in turn .



the onset of obesity for approximately 30% of obese adults
may occur at the time of “adiposity rebound”. However, sev-
eral caveats still apply. No clear evidence exists that childre n
with early “adiposity rebound” are fatter than children whose
BMI begins to accelerate later. Also, no studies have yet
demonstrated that the increased BMI observed in adults who
had early “adiposity rebound” is associated with incre a s e d
fatness. Finally, the BMI at rebound may be a more powerf u l
p redictor of future BMI then the time of rebound. There f o re ,
the term “adiposity rebound” must be used tentatively until
i n c reased adiposity is demonstrated at the time of re b o u n d
and in adults with increased BMI who had early re b o u n d .
F u rt h e rm o re, even if this period proves a period of true adi-
posity rebound, the biologic mechanisms that predispose to
i n c reased fatness remain unspecified.

Adolescence appears to be the final critical period in
childhood, and may account for the remainder of adult obesity
that begins in childhood. Data from the third Harvard Growth
Study16 showed that obesity present in adolescence was associ-
ated with increased early mortality in men and with increased
morbidity in both men and women that appeared to be inde-
pendent of the effect of adolescent weight on adult weight.
Approximately 70% of adult obesity that begins before adult-
hood appears to begin in adolescence.

Few studies have examined the effects of childhood obe-
sity on the likelihood of persistence into adulthood, after con-
trol for parental obesity. The one exception is a recent study by
Whitaker et al.17 This study demonstrated that the risk of obe-
sity persisting into adulthood was not significantly increased
among children 1-3 years of age. However, the risk was elevat-
ed in children older than 3 years. The greatest risk for adult
obesity occurred in obese adolescents. Young children with two
obese parents incurred a risk of adult obesity that approximat-
ed the risk associated with adolescent obesity.

These observations suggest that adolescents are at the
highest risk of adult obesity, perhaps followed by children with
“adiposity rebound”.  Thus, demonstration of increased fatness in
c h i l d ren with early “adiposity rebound” and in adults whose
i n c reased BMI began in childhood must be a high re s e a rch prior-
i t y. Studies to identify the behaviors that promote either incre a s e d

Critical Periods in Childhood for the
Development of Adult Obesity

Identification of periods of risk in childhood for the develop-
ment of adult obesity and the morbidity that accompanies it
will help identify the appropriate target of intervention efforts.
Although childhood-onset obesity appears to account for less
than one-third of adult obesity,3 adult obesity that begins in
childhood may be disproportionately severe.4 There appear to
be several critical periods in childhood for the development of
adult obesity. These include prenatal experience, the period of
“adiposity rebound,” and adolescence.5

Experience from the Dutch famine of World War II sug-
gests that children whose mothers were exposed to famine
early in their pregnancies had an increased likelihood of obe-
sity at the age of 18 years.6 Although it seems incre a s i n g l y
clear that low-birth-weight infants have an increased risk of
later diabetes, hypertension, and cardiovascular disease, it
appears unlikely that low birth weight is accompanied by an
i n c reased risk of adult obesity. For example, infants who are
small for gestational age tend to remain small.7 The infants
who appear at greatest risk for adult obesity appear to be
those with increased birth weights.8 – 1 0 T h e re f o re, low birt h
weight infants who develop the adult symptoms usually asso-
ciated with obesity may re p resent the “metabolically obese.”1 1

Even if low-birth-weight infants go on to become overw e i g h t
adults, their contribution to the prevalence of adult syndro m e
X characterized by hypertension, hyperlipidemia and glucose
intolerance is likely small.  Our experience suggests that low-
b i rth-weight infants (<2500 g) account for less than 10% of
all births (Zuguo Mei, personal communication). There f o re ,
the maximal contribution to adult disease, or the population-
attributable risk, will be less than 10%.

In contrast to low birth weight, the period of “adiposi-
ty rebound” may make a greater contribution to the pre v a-
lence of adult obesity. The period of “adiposity re b o u n d ”
describes the period of development where the BMI re a c h e s
a nadir at approximately 6 years of age and subsequently
begins to increase again.1 2 Several studies have demonstrated
that children with an early “adiposity rebound” have
i n c reased BMIs as adults.1 3 – 1 5 Our calculations suggest that
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techniques to measure patterns of diet or activity may be more
appropriate strategies for identifying the behavioral targets of
interventions.

Examination of the changes in diet and physical activity
that coincided with the epidemic of obesity suggests a variety of
potential candidate behaviors. Potential dietary factors are
shown in the Table 4-1. In the mid-1970s, the advent of the
m i c rowave oven made it possible for children to select and pre-
p a re their own meals with ease. The erosion of parental contro l
of food intake has also been promoted by the increase in food
consumed outside the home. In the United States between
1977–1978 and 1987–1988, the percentage of food expenditure s
on food consumed outside the home increased from 25% to
m o re than 35%.2 0 M o re recent data suggest that the upward tre n d
in food consumed outside the home is continuing and that food
consumed outside the home contributes dispro p o rtionally to
calorie and fat intake.2 1 Per capita consumption of soft drinks
i n c reased by 63% between 1972 and 1992, from appro x i m a t e l y
27 to 44 gallons per year.2 0 F u rt h e rm o re, soft drink consumption
by 13–18-year-olds has more than doubled since 1977.2 2

The relationship of other eating patterns to obesity has
not been examined. For example, 12% of middle school and
high school students and 7% of elementary school students
consume no food before school in the morning.23 Anecdotal
experience suggests that the hunger induced by meal skipping
may impair the regulation of energy intake at the next meal,
but careful studies of this problem have not been done. Sixteen

food intake or reduced energy expenditure that lead to obesity in
c h i l d ren and adolescents are essential to establish the behavioral
focus of interventions designed to prevent adult obesity.

Potential Causes of Childhood Obesity

Causality encompasses causes of origin and causes of course.
Although few studies of the causes of obesity have been per-
formed, most have focused on causes of origin. For the pur-
poses of this discussion, we assume that obesity includes a
genetic component. It is thus appropriate to consider the genes
associated with obesity as factors that influence susceptibility
to obesity. For example, the genetic makeup of the US popula-
tion did not change during the period 1980–1994, which was
when the obesity epidemic was documented. Therefore, the
rapid increase in the prevalence of obesity must reflect envi-
ronmental changes during the same time period. The finding
that most of the upward changes in the BMI of the population
occurred in the 50% of the population with BMIs above the
50th percentile suggests either that the prevalence of the genes
that influence susceptibility occurs in 50% of the population or
that the environmental factors that produced the epidemic
affected only half of the population.

Causes of Origin

Because food intake and the energy spent on activity represent
the only discretionary elements of energy balance, obesity can
result only from increased food intake or reduced activity, or
both. Neither careful dietary assessments nor measures of ener-
gy expenditure are likely to detect the modest caloric imbal-
ance necessary to initiate obesity. For example, comparisons of
self-reported caloric intake with energy expenditure measured
by doubly labeled water demonstrated that both obese and
nonobese adolescents significantly underestimated energ y
intake.19 Whether certain foods were less likely to be reported
than others cannot be established. Similarly, the energy spent
on activity measured by doubly labeled water may under- or
overestimate nonbasal energy expenditure by as much as 30%
(Michael Goran, personal communication). Because these
measures lack the capacity to identify the small daily imbal-
ances probably associated with the development of obesity,
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Table 4-1. Changes in Food Consumption that Coincided with the Obesity
Epidemic in the United States

Use of the microwave oven

Changes in food consumed outside the home

7%–12% of older children and of 6–18-year-olds skip breakfast

Per capita consumption of soft drinks increased from 27 to 44 gallons per year 
from 1972 to 1992

12,000 new food products introduced annually (doubled since 1986)

16% of 2–19-year-olds meet none of the Food Guide Pyramid recommendations

1% of 2–19-year-olds meet all of the Food Guide Pyramid recommendations
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to control a child’s food intake occurred because the child
lacked the capacity to self-regulate or because parental control
altered the capacity of the child to self-regulate. Third, because
longitudinal studies have not been performed, it is not clear
that the lack of self-regulation of food intake in experimental
settings increases the likelihood of later obesity. Finally, we lack
any information about how parental behaviors affect a child’s
activity level.

Extensive trend data are not available for physical activi-
ty or inactivity. Between 1991 and 1999, daily physical educa-
tion classes for adolescents in ninth through 12th grades
declined from 42% to 29% of schools.31

Television viewing has been associated with obesity in
several studies,32,33 and we have argued that this association may
be causal.32 Furthermore, reductions in television time appear
to represent an effective strategy to induce weight loss in both
clinic-based studies34 and school-based studies.35 However, data
regarding the amount of time spent watching television by chil-
dren and adolescents are incomplete. For example, the mean
time spent watching television between the 1960s and 1990
increased from 2–3 hours per day32 to 4.8 hours per day.33

However, by 1990, 33% of 10–15-year-olds were watching
more than 5 hours of television daily. Between 1990 and 1997,
Neilsen data, which may not be comparable, suggest that the
amount of time spent watching television by 12–17-year-olds
declined from approximately 22 hours a week to 20 hours a
week.36,37 An important problem with these observations is that
the estimates for television viewing by children and adolescents
may not be valid (T. Robinson, unpublished observations). 

No sound data re g a rding daily activity levels or patterns, or
changes in daily activity levels or patterns, have been published.
The increased frequency of working parents and the incre a s e d
reliance on caretakers for after-school child care suggest that
o p p o rtunities for free play have decreased during the last 15
years, but no objective data are available. Because the accuracy of
s e l f - re p o rted activity levels is questionable, population-based
studies of directly measured physical activity are essential.

The broad changes in diet and physical activity that have
occurred coincident with the obesity epidemic offer a variety of
testable hypotheses. The challenge is to examine the effect of

percent of 2–19-year-olds met none of the Food Guide Pyramid
recommendations, and only 1% met all of the recommenda-
tions. In addition, only 1% met the grain, fruits, and vegetables
recommendation.24 Almost 15% of food energy is derived from
snacks for 6–19-year-olds.20 Whether these food patterns con-
tribute to obesity has not been thoroughly studied, either cross-
sectionally or prospectively.

In 1997, more than 12,000 new food products were intro-
duced. The number of new products introduced has doubled
since 1986. The greatest number of new products were in the
categories of candy/gum/snacks (2500), condiments (2600),
bakery foods (1200) and beverages (1600).25 A recent cross-
sectional study26 found a direct relationship between BMI and
consumption of an increased variety of foods in the sweet,
snack, condiment, entree, and carbohydrate categories, but an
inverse relationship with BMI between the number of foods
consumed in fruit and vegetable categories. These observations
are consistent with the increased obesity observed in rats fed a
varied and palatable diet27 and the relationship between variety
and meal intake in humans.28 However, the cross-sectional
nature of this study28 does not allow causal inferences. Because
overweight people have higher energy requirements, they
require more food, and the variety of foods they consume may
simply reflect their increased energy requirement.

One of the potentially most productive approaches to the
causality of obesity is the examination of the factors that may
operate to produce obesity at the time of “adiposity rebound”.
Assuming that this period represents a period of risk for the
development of adiposity, it appears reasonable to investigate
the factors responsible for the impairment of energy balance
that may occur at this time. This period may represent the time
when interactions regarding eating between parents and chil-
dren become internalized. Several important studies emphasize
that parental efforts to control the quantity of food that a child
eats29 and a parent’s inability to control his or her own food
intake30 may be associated with impairment of the child’s capac-
ity to self-regulate food intake. 

Several crucial concerns require clarification. First, these
studies have not yet been replicated. Second, studies of the rela-
tionship of parent:child interactions and obesity to date have
been cross-sectional, so it is not clear whether parental efforts
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Environmental modification represents the most effective
intervention for other prevalent nutritional diseases. For exam-
ple, the addition of iodine to salt eliminated goiter in the
United States; fluoridated water has substantially reduced den-
tal caries; and enrichment of flour with folic acid may prove
effective in reducing neural tube defects (levels of plasma
homocysteine levels have apparently already decreased in
response to this intervention).40 Therefore, modifications of the
school and community environments to promote physical
activity to prevent obesity must be a high priority.

Clinical Settings

Neither primary nor secondary prevention in clinical settings
has been carefully explored. The most appropriate food-related
goal for parents would be to share responsibility for food intake
with their children. Parents should be in control of what their
children are offered and when, and children should be in
charge of whether they choose to eat what is offered and how
much they eat.41,42 However, the manner in which appropriate
food interactions are best promoted through anticipatory guid-
ance has not yet been established, nor are there any data to
indicate that the diets of children are improved in families
where responsibilities for food intake are partitioned appropri-
ately between parents and children. In addition, although the
American Academy of Pediatrics has recommended counseling
parents to limit television time to 1 to 2 hours per day,43 no
studies have yet explored the most appropriate approach to
such counseling or the impact of such counseling on the activ-
ity level, food preferences, or incident obesity of children.

Secondary prevention in primary care settings has also
received limited attention. Although an expert committee
recently released guidelines for the treatment of obesity in pri-
mary care settings,44 no studies have been done to demonstrate
that the implementation of these guidelines produces weight
loss. A study currently in progress to assess the knowledge and
attitudes of pediatricians, nurse practitioners, and pediatric
nutritionists should help identify the gaps that should become
the focus of education and training.

A network of tertiary care referral centers also represents
a high priority for the most severely obese children and adoles-
cents, and efforts to establish such a network have been initiat-

these patterns on incident obesity and to identify the barriers,
opportunities, and mediating behaviors that promote both
activity and inactivity.

Causes of Course

Most studies of childhood obesity have examined incident obe-
sity. Very few have examined the factors that influence the
remission of obesity or that maintain obesity after it has been
established. At least one study has suggested that television
viewing affects both the onset and the persistence of obesity in
children.33 Nonetheless, efforts to distinguish the causes that
affect the onset of obesity from those that determine its course
may suggest alternative approaches to treatment. For example,
the observation that no amount of difficulty associated with the
choice of sedentary behavior could induce very obese children
to choose vigorous physical activity38 suggests that efforts to
induce weight loss in this subset should focus on dietary rather
than physical activity interventions.  

Prevention

The high incidence and prevalence of obesity indicate that
effective strategies for both primary and secondary prevention
must be developed. Primary prevention will target children and
adolescents before obesity develops. Because most of the mor-
bidity associated with obesity occurs in adulthood, secondary
prevention should be directed at children and adolescents who
are already overweight either to prevent further weight gain or,
more importantly, to reduce weight to the normal range.
Preventive efforts can occur in clinical, school, and communi-
ty settings. Because so little is known about the dietary behav-
iors that induce or maintain obesity, and because physical
activity reduces the comorbidities associated with obesity in
adults, such as elevated blood pressure, glucose intolerance,
and hyperlipidemia,39 the promotion of increased physical
activity re p resents a logical strategy across the lifecycle.
Therefore, school and community efforts should probably
focus on physical activity. Before school-based or community-
based dietary interventions directed at obesity can be recom-
mended for general implementation, a stronger scientific basis
must be developed.
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argument to restore physical education programs in schools,
but we are not aware of any studies that have rigorously exam-
ined this association. In schools with physical education pro-
grams, techniques to increase the amount of active time spent
in physical education classes will enhance the effectiveness of
physical activity.

Schools also provide the opportunity for school-based
i n t e rventions. Although the highly popular Child and
Adolescent Trial for Cardiovascular Health (CATCH) produced
significant institutional and individual behavioral changes,
such changes were not accompanied by changes in fatness,
blood pressure, or blood lipids.47 However, a more recent inter-
vention demonstrated that a middle-school curriculum inte-
grated within existing classes that focused on reduced fat and
increased fruit and vegetable intake, increased moderate and
vigorous physical activity, and reduced inactivity produced
weight loss in girls.35 African-American girls appeared particu-
larly responsive to this approach. This intervention is now
being expanded to a larger school system.

Community

Dietary data that link obesity to specific food practices will be
necessary for the development of effective community-based
approaches to change food consumption. If the data are credi-
ble, one could argue that the recent increases in obesity despite
the widespread reduction in dietary fat consumption suggest
that the reductions in dietary fat represent a community-level
intervention that has failed. Nonetheless, the reductions in
dietary fat that have been achieved indicate that major cultural
shifts in food consumption are possible.

Modification of community environments to promote
physical activity offers a major challenge for the new century.
The term “connectedness” is used to define the number of
alternatives available for travel from one location to another.  In
older communities, a high degree of connectedness exists; such
communities already have the infrastructure to support walk-
ing, such as sidewalks, traffic lights, and pedestrian crossing
signals. In many of these communities, perceived neighbor-
hood safety constitutes a major barrier. In contrast, many
newer communities lack sidewalks and community shopping

ed by the Centers for Disease Control and Prevention. The
function of such a network will be to provide aggressive care
for children and adolescents with morbid complications of
obesity, to share solutions to common problems, and to edu-
cate medical students, house staff, and primary care providers. 

Schools

Schools represent a logical focus of efforts to prevent obesity.
Most children attend school, many receive one or two meals at
school daily, and schools have the resources to support physi-
cal activity. It is unclear at present whether schools are part of
the problem, part of the solution, or both. For example,
although schools have recently instituted closer oversight of
the caloric and fat content of school meals, items purchased a
la carte fall outside the nutrient standards applied to the school
lunch menu. Furthermore, vending machines exist in many
schools, and “pouring contracts” with major beverage-produc-
ing corporations offer an additional incentive for schools to
make vending machines available to their students.45 Items sold
a la carte in the cafeteria and in vending machines tend to be
high-caloric-density foods, such as ice cream and cookies.
Furthermore, many schools depend on the revenue generated
by a la carte foods in the cafeteria and vending machines to
support their lunch programs. 

The contribution of foods consumed at school to the
usual dietary intake has been studied, but the role that such
foods may play in the onset of obesity is unknown. However,
the observation that competitive pricing of low-fat snacks
through subsidization promoted their increased consumption46

offers a reasonable strategy for altering the consumption of
high-caloric-density foods. After the subsidy of the low-fat
alternatives was discontinued, consumption returned to for-
mer levels. These data suggest that a more permanent alterna-
tive to price subsidies might be to charge more for foods of
increased caloric density so that lower-calorie foods cost less. 

Schools also offer an important and protected site for
physical activity. The decline in daily physical education class-
es represents an important opportunity for interventions. Data
that demonstrate that participation in physical activity
improves learning would provide important support for the
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will be required to develop an effective scientific base for inter-
ventions. Because obesity has not yet become a public health
priority, however, the development of the political will to direct
the necessary resources to the prevention of obesity represents
a significant challenge.
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areas accessible to pedestrians. Although studies suggest that
increased pedestrian traffic occurs in communities with exist-
ing infrastructure,48–50 no studies have compared physical activ-
ity in highly connected communities with physical activity in
communities affected by urban sprawl. 

These observations suggest a rich source of potential
studies. For example, ensuring neighborhood safety may prove
a less challenging, less costly, and more effective approach to
increasing physical activity than the development of a connect-
ed infrastructure in newer communities. However, strategies to
promote common recreation areas or facilities to support phys-
ical activity, and a promotional campaign designed to foster
their use, may be less challenging, less costly, and more effec-
tive in newer communities affected by urban or suburban
sprawl. They may also foster the development of new alliances.
For example, community coalitions may more readily emerge
from connected communities, or connected communities may
foster the development of community coalitions that enhance
l i v a b i l i t y. Tr a n s p o rtation agencies and the Enviro n m e n t a l
Protection Agency are promoting reduced reliance on the auto-
mobile and the development of alternative forms of transporta-
tion. These developments might promote alliances around the
development of pedestrian-friendly communities or the use of
bicycles as transportation. Such developments will also foster
increased levels of physical activity.

Conclusion

Effective prevention will depend on a sound knowledge base,
development of an effective social strategy, and the political will
to change policy.51 Although the specific behaviors that lead to
obesity have not been well defined, the environmental changes
that have accompanied the epidemic of obesity provide an ini-
tial focus for primary and secondary preventive efforts. Perhaps
the first barrier to effective prevention is the lack of recognition
that obesity represents more than a cosmetic problem and that
resources must be mobilized to explore the physical and dietary
behaviors that cause this nutritional disease. Increased atten-
tion to the medical, emotional, and economic costs of obesity
may increase social pressure to develop effective primary and
secondary prevention programs. The research outlined above
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V. Summary
Frederick L. Trowbridge, MD

The Obesity Epidemic

From 10% to 15% of U.S. children and adolescents now
have a body mass index (BMI) > 95th perc e n t i l e .
F u rt h e rm o re, the prevalence of obesity in childre n

increased by more than 100% between 1980 and 1991. In re a l-
i t y, there is no single cause that can be remedied to fix this
complex problem.  

Another challenge to effective intervention is the lack of
a unified strategy that incorporates intervention methods
p roven to be effective. Research has demonstrated some
p romising models for intervention in schools, in communi-
ties, and in the context of health care, but much remains to be
done to demonstrate the feasibility and effectiveness of these
models when applied beyond the re s e a rch setting.
I n t e rventions are also hampered by a low level of awareness of
the child obesity problem and by the low priority it is given in
communities and at the state and national levels. Because of
these challenges, the future determinants of success are likely
to lie in finding effective ways to raise awareness, build
b road-based partnerships, and develop a unified strategy for
t reatment and prevention. 

Intervention Strategies

Interventions for the prevention and treatment of obesity in
childhood and adolescence have largely been conducted in four
broad domains: schools, clinics, communities, and environ-
ment/policy. The school represents the most frequent interven-
tion setting because school-based studies can address obesity as



associated with health behavior, such as HIV, heart disease, and
some cancers, especially those related to smoking behavior.

Challenges and Opportunities

Several key elements will be necessary to address the preven-
tion and management of childhood obesity in the future.  One
of these key elements is gaining a better understanding of the
critical periods in childhood during which obesity may devel-
op.  Current research indicates that the most critical periods for
the development of obesity are the period of "adiposity
rebound" and during adolescence.  These periods appear to
account for approximately 30% and 70%, respectively, of child-
hood obesity that persists into adulthood.  More research is
needed to better define these critical periods for obesity devel-
opment.  Research is also needed to identify the factors that
promote the onset and persistence of obesity during these vul-
nerable periods.  Once better defined, these causal factors
could serve as potential targets for the development and testing
of intervention strategies.

Because genetic factors influencing obesity cannot have
changed appreciably in a short time span, the recent marked
increase in obesity can only have resulted from increased food
intake or reduced activity, or both.  The challenges now are to:
(a) Establish the effect of these behavioral patterns on incident
and persistent obesity; (b) Identify the underlying factors and
mediating behaviors that lead to patterns of food intake, activ-
ity, and inactivity; and (c) Develop the clinical, environmental,
and policy approaches necessary to prevent the continuation or
worsening of the obesity epidemic.

part of a broad-based cardiovascular disease prevention pro-
gram. Although such studies show inconsistent outcomes
related to adiposity changes, encouraging findings have been
noted for changes in the behavioral interm e d i a ry factors of
physical activity and nutrition. School-based studies that tar-
get obesity as the primary outcome have been more success-
ful than multiple-risk-factor studies, owing to impro v e m e n t s
in intervention techniques and assessment methods.
Community-based interventions hold promise for obesity
p revention and treatment, although little is known about
their effectiveness. Clinical interventions also show pro m i s e
for successful interventions, with current work suggesting
that eff o rts to reduce sedentary activity (rather than focus
solely on promoting increased activity) may be the most eff e c-
tive treatment.  Environment and policy interventions re p re-
sent a vast potential for a positive effect on obesity in youth,
but their effects are unknown. Public infrastru c t u re changes,
such as the construction of facilities that promote physical
activity and legislative strategies to promote healthful choic-
es, have been discussed recently as having a potential eff e c t .
The treatment and prevention of obesity in youth must be
conceptualized as a heterogeneous condition, and interv e n-
tions must be tailored to provide the greatest likelihood of
success, whatever the intervention domain.

Obesity Prevention

Data suggest that prevention is the key to controlling the cur-
rent epidemic of in children. Current evidence suggests that
obesity is the end result of the interaction of a normal physio-
logic system with an obesity-promoting environment that
includes an abundance of food coupled with a decreased
requirement or stimulus for physical activity.  Because obesity
is a complex disease, additional insight related to specific etiol-
ogy is required to design the most effective preventive pro-
grams. However, because of the seriousness of the problem,
preventive efforts must begin immediately and continue to be
modified as we learn more about the specific causality of the
alarming increase in obesity prevalence. This approach mirrors
the strategy currently being used for other complex diseases
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