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Childhood obesity, long thought to be a private
concern, is now on the national policy agenda.
Obesity prevalence among children aged 6 to
11 years more than doubled in the past 20
years, and the rate among adolescents aged 12
to 19 years more than tripled.1 Causes of
childhood obesity are complex and include
several individual and environmental factors2---5;
however, most studies have focused on behav-
ioral influences, such as dietary changes and
physical activity.6 Specifically, excessive con-
sumption of sugar- and fat-enriched food, lack of
exercise, and excessive television viewing are
positively related to weight gain.7,8

Researchers focusing on the behavioral
drivers of obesity have recognized that schools
are an ideal site for behavioral interventions9,10

and have advocated school-based policies for
addressing childhood obesity.11,12 For example,
physical education policies helped prevent
obesity in 3 randomized controlled trials.13

School policies restraining junk food reduced
children’s body mass index (BMI; defined as
weight in kilograms divided by the square of
height in meters) scores.12 However, most
studies have focused on programs that
recruited a small number of schools, rather
than studying widely implemented school-
based obesity policies.14 Thus, randomized
controlled trials have not clarified whether
school-based obesity policies translate to con-
sistent and positive effects when implemented
at larger—namely national and state—levels.

Potential challenges exist for increasing the
effectiveness of large-scale school-based obe-
sity policies. First, successful interventions in
randomized controlled trials may not always
translate into large-scale policy effectiveness.
In school-based randomized controlled trials,
policy implementation conditions are well
controlled. However, effectively implementing
a large-scale policy requires collaboration be-
tween schools and supportive external com-
munities. Researchers often discuss this com-
munity role as social capital—the civic

engagement, trust, and social networks in
a community.15 It is unclear whether these
social capital measures affect school-based
policies that address childhood obesity.

Social capital provides mixed results as an
environmental factor for health, especially in
obesity-related interventions. Some studies
that examined social networks found that
social capital reduces the risk of obesity16 and
physical inactivity.17,18 Conversely, social
contacts and community connections may in-
crease tolerance to unhealthy lifestyles.19

Specifically, social networks can teach
obesity-related behaviors through friend pairs
and same-gender siblings.20 These mixed
findings suggest social capital may inconsis-
tently prevent childhood obesity, indicating
a need to probe the community conditions in
which school-based obesity policies may be
effective.

The second large-scale obesity management
challenge is determining how heterogeneous
populations respond to both policy and social
environments. Although researchers have

recognized the importance of connecting social
capital to childhood obesity,21,22 few studies
link community to school-based policies and
examine how both factors interactively pro-
duce different outcomes across groups.23

Gender is an important factor in assessing
heterogeneous policy responses, especially for
obesity-related behaviors. Specifically,

boys and girls differ in body composition, pat-
terns of weight gain, hormone biology, and the
susceptibility to certain social, ethnic, genetic,
and environmental factors.24(p76)

A few studies have reported that physical
education improved self-image and physical
activity for girls25 and reduced BMI more
for overweight girls than for overweight
boys, implying boys have greater resistance
to social environment and policy interven-
tions than do girls.26 Children’s peer social-
ization mediated gender differences in
unhealthy weight control behaviors and
school-based obesity policies. Because girls
have greater social punishment than do boys
for being overweight, they are more likely to
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respond to policy interventions by fasting to
lose weight.27,28

Taken together, social capital and policy
interventions may link to different, even un-
healthy, behavioral responses by gender. A
challenge for school-based obesity policies is
balancing different weight control needs for
boys and girls, while raising awareness of un-
healthy weight control behaviors. Therefore,
unhealthy weight control activities were our
empirical focus. Population-based studies have
found that adolescents who engage in un-
healthy weight control behaviors are at higher
risk for being obese, of engaging in other
health-compromising activities (e.g., eating
disorders), and of being depressed.29

The combined association between social
capital and statewide implementation of obe-
sity policy on gendered weight control behav-
iors is less well known, even though many
states have legislatively mandated various
school-based obesity policies. Because of the
national increase in school-based obesity poli-
cies, we conducted a state-level comparison,
focusing on how school-based obesity policies
combined with social capital affect weight
control behaviors by gender. We chose a state-
level analysis for 3 reasons. First, states are the
primary policy adopters and key stakeholders
to incorporate federal guidelines in school-
based obesity policies.30 Second, school-based
obesity policies vary considerably by state
because of different legislative interests, mak-
ing it necessary to incorporate different
school-based policies that state governments
mandate. Third, longitudinal empirical data
that track both policy change and weight
control behaviors by gender groups are more
comprehensive and much better documented
at the state level than at the local level.

METHODS

We pooled state-level data for 43 states from
1991 to 2009 to examine how social capital
and childhood obesity policies interactively
affect youth weight control behaviors. We did
not include California, Washington, DC, Ore-
gon, Pennsylvania, Virginia, and Washington
State in the sample because no data were
available for adolescents’ weight control be-
haviors for these states in the health behavior
survey we used. We did not include Hawaii

and Alaska because they lacked available data
for social capital measures.

Weight Control Behaviors

Because school-based obesity policies aim to
promote sound weight control practices (e.g.,
exercise and food intake reduction), we mea-
sured weight control behaviors by gender as
the policy outcome variables. We drew data
from the Centers for Disease Control and Pre-
vention’s Youth Risk Behavior Surveillance
System (YRBSS).31 Students were surveyed for
5 weight control behaviors during the prior 30
days: (1) not exercising to control weight; (2)
not eating less food, fewer calories, or low-fat
foods to lose weight or to keep from gaining
weight; (3) fasting more than 24 hours to lose
weight; (4) taking diet pills, powders, or liquids
without a doctor’s advice to lose weight; and
(5) vomiting or taking laxative pills to lose
weight. At the state-level, each behavior was
measured by using the percentage of students
who engaged in a particular weight control
behavior.

On the basis of a principal component factor
analysis, we scaled the 5 behaviors by 2 factor
indexes for each gender group. The first 3
behavior items loaded positively on 1 factor
with eigenvalues of 1.74 (female index) and
1.91 (male index). We labeled this factor index
“calorie-targeted weight control behavior” be-
cause all 3 weight control behaviors target
caloric intake to control weight. Items 4 and 5
loaded positively on the second factor, with
eigenvalues of 2.15 (female index) and 2.07
(male index). We labeled this factor index
“medication-based weight control behavior”
because both items capture pill intake weight
control behaviors. For both indexes, higher
values indicate unhealthier weight control ac-
tivities.

School-Based Obesity Policy

We considered school-based obesity policies
to be state government policies that mandate
school district---level implementation with an
explicit goal of addressing childhood obesity.
To measure the overall policy inputs at the
state level, we incorporated information on
legislative initiatives and school district---level
implementation status. First, we used data on
state-level legislative initiatives from the Cen-
ters for Disease Control and Prevention

database State Legislative and Regulatory Ac-
tion to Prevent Obesity and Improve Nutrition
and Physical Activity.32 We used the number
of newly enacted bills that seek to mandate
schools to improve children’s nutrition, en-
hance physical education, promote physical
activities, mandate or recommend BMI
screening at schools, and share children’s BMI
information with parents. State policies vary
substantially. From 2001 to 2011, 483 new
legislative bills were passed to promote healthy
nutrition in schools. A total of 137 new bills
were enacted to address childhood obesity
through BMI screening and reporting students’
BMI information, and 681 new bills were
passed to promote physical activity.

Second, we used data from the Centers for
Disease Control and Prevention’s database on
School Health Policies and Programs Study (for
1994, 2000, and 2006), a national survey
conducted every 6 years. We evaluated
whether school districts in each state imple-
mented state mandates on the corresponding
categories: (1) restricting junk food in schools,
(2) incorporating topics on healthy nutrition
and dietary behavior in nutrition education, (3)
enhancing physical education, and (4) admin-
istrating fitness tests.33

We created a state-level measure of the
overall school-based policies by computing
a policy index from available information for
state legislative actions (annual data from
2001---2009) and then computed another
policy index from School Health Policies and
Programs Study surveys (1994, 2000, and
2006). We used the Pearson correlation be-
tween the index of legislative actions and the
School Health Policies and Programs Study
survey in 2006 (r = 0.991; P £ .001) to impute
combined policy index scores across all years.
The estimated annual policy index ranges from
–1.554 to 1.118. Higher values mean that
a state mandated more school-based policies to
reduce and prevent childhood obesity. This
estimated policy index indicates a positive
trend in adopting more childhood obesity
policies from 1990 to 2009. School-based
policies increased dramatically after 2000.

Social Capital

We developed the social capital measure on
the basis of Robert Putnam’s concept of social
capital as 5 components: participation in public

RESEARCH AND PRACTICE

1068 | Research and Practice | Peer Reviewed | Zhu and Thomas American Journal of Public Health | June 2013, Vol 103, No. 6



activities, participation in community organi-
zations, community volunteerism, informal so-
ciability, and social trust.15 A limitation of this
empirical index, as Putnam15 notes, is that it
does not capture changes in social capital over
time. Focusing on the dimensions of collective
community, we replicated Hawes and Rocha’s
dynamic social capital index (from 1986 to
2000) and expanded the index to 2009.34

Our social capital index used data from the
Survey of the American Consumer, which GfK
Mediamark Research & Intelligence conducted.
GfK Mediamark Research & Intelligence con-
ducts annual consumer surveys on the basis of
approximately 26 000 in-home, face-to-face
consumer interviews. The survey implemented
a randomly stratified sampling procedure to
select households, and the face-to-face inter-
view method generated response rates of ap-
proximately 60% to 70%. Household heads
were the primary respondents of the survey.
The original GfK Mediamark Research & In-
telligence data aggregated individual-level
measures on public activities, leisure activities,
media usage, and political outlook by state
clusters.

We measured community organizational life
by group membership of fraternal orders, civic
clubs, veteran clubs, local governments, and
country clubs. We measured engagement in
public affairs by 7 items: writing to an editor of
a magazine or newspaper, writing to a radio or
television station, writing to an elected official,
writing something that has been published,
working for a political party or candidate,
engaging in fund raising, and voting for na-
tional and congressional elections. We mea-
sured community volunteerism by average
contribution to public television or radio sta-
tions. We scaled all these collective community
indicators into a single index on the basis of
factor analysis. All items loaded positively in
the first factor with an eigenvalue of 3.948. We
extracted the first principal factor as the social
capital index.

Data Analysis

We controlled for several factors associated
with policy effectiveness and health outcomes:
characteristics of state health care systems
(state health care spending, public health em-
ployment, and children’s access to health in-
surance); state socioeconomic status (state

poverty, unemployment, and average educa-
tional attainment); and 2 risk factors that affect
weight control behaviors (the percentage of
overweight infants and the percentage of
YRBSS respondents who describe themselves
as overweight).

To assess the combined effects of school-
based obesity policy and social capital on
behaviors by gender, we implemented a system
of equations for female and male indexes of
weight control behavior using the 1-way ran-
dom effect estimation of seemingly unrelated
regressions in a panel data framework. We
estimated all the statistical models using Stata
12.0 (StataCorp LP, College Station, TX).
Seemingly unrelated regression estimation
produced 2 sets of slope coefficients to com-
pare the heterogeneity in policy effects across
the 2 gender groups. When unmeasured fac-
tors affecting the health outcomes for 1 gender
group may also affect the other, seemingly
unrelated regression estimation produces un-
biased and more efficient estimation than does
estimating the 2 equations separately.35,36

We conducted postregression diagnostic
analysis and comparison of data variation along
spatial and temporal dimensions to ensure the
robustness of our estimation results. First, we
included lagged dependent variables because
we detected the panel unit root for all the
dependent variables using the augmented
Dickey---Fuller test and the Phillips---Perron test.
The lagged dependent variables also allowed
us to assess the inertia of the behavioral
trends.37 Second, the empirical data contain
much greater between-unit R2 (cross-sectional
variance) than within-unit R2 (cross-time vari-
ance). Hence, random effects estimation is
favored over state fixed effects. We also
detected autocorrelation along time and cross-
sectional dimensions, nonconstant variance
caused by heterogeneity across states, and
nonconstant variance caused by extreme value
observations. In the panel seemingly unrelated
regression analysis, we used a stepwise method
to improve estimation efficiency. We obtained
the overall generalized least squares estimator
first and then corrected for unstable parameter
estimates caused by autocorrelation and het-
eroskedasticity.38,39 Lastly, we controlled for
a set of states with high obesity rates (Alabama,
Arizona, Georgia, Louisiana, Mississippi, Ten-
nessee, and Texas).

Because we substantively focused on the
interactive link of social capital and obesity
policy with heterogeneous group responses
across states, we used the state-level cross-
sectional time series design to track policy
changes across time and compare social envi-
ronments across states. Although we did not
directly model individual students’ responses in
our analysis, we aggregated the individual-level
responses to create group-level variables for
the gender-based weight control behavior in-
dexes. The data we used to compute the 2
weight control behavior indexes contained
unreliable mean scores between 1991 and
1995 because of relatively low survey partic-
ipation in early YRBSS waves. This issue
cautioned us against potential estimation bias.
Robustness analyses by jackknifing our full
sample and by dropping years before 1995
one by one did not create substantively differ-
ent results. Therefore, we reported the esti-
mated results derived from the full sample.

RESULTS

Figure 1 presents descriptive results of the
2 weight control behavior indexes for each
gender. Each behavioral index takes a mean
value of approximately 0 and a SD of ap-
proximately 1. Positive values show un-
healthier behavioral trends and vice versa. In
the overall index of calorie-targeted weight
control behavior, the state---year case with the
maximum estimated index score is New Jersey
in 1991. The estimated trend of adolescents’
weight control behavior (in New Jersey in
1991) indicates 54.6% of students did not
exercise to lose weight and 71.8% of students
did not eat less to lose weight. Figure 1 also
demonstrates gender differences in weight
control behaviors. Before 2001, more male
students than female students reported being
physically inactive, and the group trends re-
versed after 2001. Before 2004, more female
students reported taking diet or laxative pills
to lose weight than did their male counter-
parts, and the group trends reversed after
2004.

Table 1 presents the interactive relationship
between social capital and school-based poli-
cies. We found a mixed pattern in obesity
policies’ effects on adolescents’ weight control
behavior. In general, levels of social capital
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condition policy effects and are associated with
behavioral changes by gender.

We estimated model 1 using the index of
calorie-targeted weight control behavior as the
dependent variable, which indicated differen-
tial policy effects by gender. When the social
capital variable equals 0 (i.e., a low level of
social capital), obesity policy has a positive and
significant effect on the female index of phys-
ical inactiveness (b = 0.123; 95% confidence
interval [CI] = 0.074, 0.171) but a negative
and significant effect on the male index of
physical inactiveness (b = –0.111; 95%
CI = –0.155, –0.066).

We estimated model 2 using the index of
medication-based weight control behavior as
the dependent variable. Again, we found dif-
ferential policy effects by gender. The

coefficients in the equations show that, when
the social capital variable equals 0, obesity
policy does not significantly reduce girls’ un-
healthy weight control behavior but obesity
policy does positively and significantly affect
boys’ unhealthy weight control behavior
(b = 0.158; 95% CI = 0.083, 0.234).

Because we included an interaction term
multiplying the policy variable with the social
capital variable, it is substantively more mean-
ingful to graphically evaluate the interactive
effects between obesity policy and social cap-
ital.40 In Figure 2, we plotted the marginal
effects of obesity policy across the full range of
the social capital variable and the correspond-
ing 95% CIs. The top left panel in Figure 2
shows that when the level of social capital is
low, obesity policy increases the female index

of calorie-targeted weight control behavior. In
other words, in states with low levels of social
capital, more school-based obesity policies are
associated with female students’ physical inac-
tiveness, a higher proportion of female students
who did not eat less to control weight, and
a higher proportion of female students who
fasted to control weight. These unintended
policy effects diminish as social capital in-
creases. The top right panel in Figure 2 shows
that when social capital is low, obesity policy
does not affect boys’ calorie-targeted weight
control behavior (the 95% CIs overlap with
0). When social capital is high, however,
obesity policy reduces the proportion of male
students who did not exercise to lose weight,
who did not eat less to lose weight, and
who fasted to lose weight. In other words,
obesity policy combined with high social
capital produce desirable outcomes for male
students, and the magnitude of such desirable
policy effects increases as social capital
increases.

The 2 bottom panels demonstrate how
obesity policy and social capital are associated
with heterogeneous medication-based weight
control behavior by gender. School-based
obesity policies do not significantly affect girls’
medication-based weight control activities, re-
gardless of the level of social capital. However,
more obesity policies combined with high
levels of social capital are associated with
a greater proportion of male students who
reported taking diet or laxative pills to control
weight, suggesting obesity policies imple-
mented in active communities may lead to
unintended policy effects for boys, that is,
increasing male students’ pill intake weight
control behavior.

In sum, we found a mixed pattern regarding
the combined effects of school-based obesity
policies and social capital. On one hand,
school-based obesity policies can be effective in
increasing exercise and reducing food intake
but only for boys in states with high levels of
social capital. Adopted policy interventions
appear ineffective in promoting desirable be-
haviors among girls. On the other hand, social
capital can benefit both boys and girls but
through different mechanisms: it reduces the
unintentional policy effects for female students
but expands both the desirable and unintended
effects for male students.
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FIGURE 1—Self-reported behavioral trends of estimated youth weight control indexes for (a)

calorie-targeted behavior and (b) medication-based behavior: Youth Risk Behavior

Surveillance System, 1991–2009.
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DISCUSSION

Several limitations of this study merit dis-
cussion. We did not use a multilevel design
because the YRBSS surveys did not track the
same cohort of students from 1991 to 2009.
Therefore, we could not include repeated
individual-level units in the sample. The mac-
rolevel design, which links state-level policy
and social capital measures to health behavior
trends, is less informative in studying inter-
group dynamics than is a multilevel data set. An
extension of this study would use multilevel
ecological models to longitudinally track how

the 2 gender groups might influence each other
and how the intragroup dynamics link to both
policy and community conditions. They may
also inform how intergroup dynamics increase
the effectiveness of policy interventions.41,42

Second, the index of calorie-targeted weight
control behavior entails a sample mean that
dropped sharply between 1991 and 1993,
primarily because of the low state participation
rates in YRBSS 1991, 1993, and 1995.43

Future studies that use more reliable longitu-
dinal data may produce more accurate esti-
mations of the magnitude of policy effects.
Lastly, the aggregated social capital index may

mask social groups’ unequal access to social
capital. Future studies using group-specific
measures (e.g., comparing rural and urban
populations or controlling for other socioeco-
nomic factors) for social capital may produce
more informative empirical findings on how
social capital conditions the effect of obesity
policies.

Despite limitations, our findings contribute
to research on childhood obesity, social capital,
and health. First, our research suggests that
both adopted policies and social capital may be
a source of, rather than a remedy for, un-
healthy weight control behavior. Our findings
on the positive association of obesity policy
with adolescents’ unhealthy weight control
behavior are consistent with those of previous
studies44,45 that indicate a need to consider the
potential harmful effects of school-based obe-
sity policies. We identified a robust interactive
relationship between school-based policies and
social capital in adolescents’ weight control
behaviors. The mixed policy outcomes suggest
that the lack of social capital that supports
school-based policies may impede effective
policy interventions, highlighting the impor-
tance of building environments compatible
with specific school-based policies.46 Effective
policymaking for promoting healthy dietary
behaviors and active lifestyles should balance
the design of policy interventions and com-
munity conditions where the policies are
implemented.

Second, we compared policy effects by
gender and found that obesity policy and social
capital are associated with heterogeneous re-
sponses. This supports a review of school-based
policies, which reported that boys respond
more to structural interventions facilitating
physical activity, whereas girls are more influ-
enced by social learning programs (e.g.,
family-oriented interventions).47 Conceivably,
many large-scale school-based obesity policies
may affect boys more than girls because they
alter students’ health behaviors by changing
their school environment. Furthermore, as
policymakers and health professionals develop
and revise obesity-related interventions, state
legislative mandates may consider the gen-
dered nature of obesity. For example, man-
dated physical education curricula could in-
volve information on weight control. Policies
targeting school dietary environments can

TABLE 1—Gender Comparison of the Effects of Obesity Policy and Social Capital on

Adolescents’ Self-Reported Weight Control Behavior: Youth Risk Behavior Surveillance

System, 1991–2009

Variable Model 1, b (SE) Model 2, b (SE)

Female equation

Obesity policyt-1 0.123** (0.025) –0.035 (0.033)

Social capital –0.038** (0.014) –0.149** (0.020)

Policyt-1 · social capital –0.032 (0.021) 0.008 (0.031)

Public health spendingt-1 –0.059 (0.043) 0.073 (0.063)

Public health employeet-1 –0.003** (0.001) –0.001 (0.001)

% uninsured children 0.010** (0.003) 0.014 (0.005)

Education –0.038** (0.003) –0.039** (0.003)

Poverty 0.007 (0.005) 0.003* (0.008)

Change in unemployment –0.004 (0.011) –0.032* (0.015)

% overweight infant 0.004** (0.001) 0.006** (0.001)

Risk perception –0.120** (0.004) 0.059** (0.007)

Lagged dependent variable 0.393** (0.016) 0.592** (0.019)

Male equation

Obesity policyt-1 –0.111** (0.023) 0.158** (0.038)

Social capital –0.061** (0.013) –0.073** (0.024)

Policyt-1 · social capital –0.074** (0.020) 0.019 (0.036)

Public health spendingt-1 –0.049 (0.031) 0.181** (0.064)

Public health employeet-1 –0.001 (0.001) –0.001 (0.001)

% uninsured children 0.012** (0.003) –0.005 (0.005)

Education –0.039** (0.002) –0.009** (0.002)

Poverty –0.008 (0.005) 0.025** (0.008)

Change in unemployment –0.032** (0.010) 0.020 (0.018)

% overweight infant 0.021** (0.001) 0.002* (0.001)

Risk perception –0.199** (0.006) –0.00004 (0.009)

Lagged dependent variable 0.348** (0.016) 0.684** (0.020)

Note. In model 1, the dependent variable is the index of calorie-targeted weight control behavior. In model 2, the dependent
variable is the index of medication-based weight control behavior. Lagged dependent variable refers to a 1-year lag of the
dependent variable in each model. State dummy variables (AL, AR, GA, LA, MS, TN, and TX) are not reported. The sample size
was n = 807.
*P < .05; **P < .01.
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combine with information-based programs to
effectively convey messages for boys and girls.
Policies that do not differentiate between girls’
and boys’ risk perceptions and behavioral
patterns could incorporate inaccurate inter-
vention goals, thus producing mixed results. j
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