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Summary
Background: Although a national epidemic of childhood obesity is apparent,
how community-based programmes and policies (CPPs) affect this outcome is
not well understood.

Objectives: This study examined the longitudinal relationship between the inten-
sity of CPPs in 130 communities over 10 years and body mass index (BMI) of resi-
dent children. We also examined whether these relationships differ by key family
or community characteristics.

Methods: Five thousand one hundred thirty-eight children in grades K-8 were re-
cruited through 436 schools located within 130 diverse US communities. Measures
of height, weight, nutrition, physical activity and behavioural and demographic family
characteristics were obtained during in-home visits. A subsample of families
consented to medical record review; these weight and height measures were used
to calculate BMI over time for 3227 children. A total of 9681 CPPs were reported
during structured interviews of 1421 community key informants, and used to calcu-
late a time series of CPP intensity scores within each community over the previous
decade. Linear mixed effect models were used to assess longitudinal relationships
between childhood BMI and CPP intensity.

Results: An average BMI difference of 1.4 kg/m2 (p-value < 0.01) was observed
between communities with the highest and lowest observed CPP intensity scores,
after adjusting for community and child level covariates. BMI/CPP relationships dif-
fered significantly by child grade, race/ethnicity, family income and parental educa-
tion; as well as community-level race/ethnicity.

Conclusions: These results indicate that, over time, more intense CPP interven-
tions are related to lower childhood BMI, and that there are disparities in this asso-
ciation by sociodemographic characteristics of families and communities.

Keywords: Body mass index, community programmes and policies, health dis-
parities, longitudinal.

Abbreviations: Body Mass Index or Body Mass Indices, (BMI); Community-
based Programme or Policy, (CPP); Community-based Programmes and Policies,
(CPPs); Healthy Communities Study, (HCS); Medical Record Review, (MRR); Socio-
economic Status, (SES)

Introduction

Childhood obesity is a major public health concern in
the USA, with 17% of children and adolescents aged
2–19 years being obese (1). Childhood obesity is

related to many negative health consequences (e.g.
hypertension, type 2 diabetes, heart disease) (2). Al-
though overall obesity prevalence has plateaued in re-
cent years (1,3), it continues to be highly prevalent
among low income and minority groups (4).
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Obesity results from the interplay among biological,
social, behavioural, cultural, environmental and eco-
nomic factors; individual (e.g. genetics, level of physical
activity), family (e.g. parenting style, home nutrition envi-
ronment), school (e.g. policies on nutrition and physical
activity) and environmental factors (e.g. access to
healthy foods, parks and recreational areas) all contrib-
ute to this outcome (5). How these factors contribute
to childhood obesity and disparities in obesity risk be-
tween different population groups is poorly understood.
Leading health organizations including the National

Academy of Medicine (formerly the Institute of Medicine)
and the World Health Organization recommend com-
prehensive and multi-level approaches for obesity pre-
vention, including programmes and policies at the
community level (6,7). Recent reviews provide evidence
that comprehensive programmes and policies are more
promising for reducing obesity in children than less com-
prehensive approaches (8–12). Guidance on community
efforts to promote healthy environments for children in-
clude recommendations to deliver programmes, policies
and environmental changes of sufficient quantity and in-
tensity – including strong behaviour change strategies of
long duration and wide reach (13). A growing number of
local, state and national policies and programmes have
been implemented to support healthy diets and physical
activity (13,14). Studies to date have typically focused on
interventions that are child-based or family-based or im-
plemented in school settings, and have reached a rela-
tively small number of children (15). The effects of
variations in community efforts – delivered over time,
through multiple sectors, in different contexts – have
not been well documented (16).
The present study used a longitudinal design to ex-

amine the relationship over the past decade between
the intensity of community-based programmes and
policies (CPPs) in 130 communities and body mass
index (BMI) of resident children. We also examined
whether this relationship differed by individual, house-
hold or community factors.

Methods
The Healthy Communities Study (HCS) assessed rela-
tionships between characteristics of programmes
and policies targeting childhood obesity and chil-
dren’s BMI, dietary and physical activity behaviours
(17). The HCS combined a stratified probability-based
sample of 102 communities (defined as public high
school catchment areas) that ensured diversity across
demographics and CPPs, with a purposeful sample of
28 ‘certainty’ communities identified by an expert
panel as having innovative and/or promising CPPs re-
lated to childhood obesity (18).

The study, implemented from 2013–2015, included
two primary components aimed at (i) characterizing
how childhood obesity programmes and policies
have evolved within each community over the previ-
ous decade (19) and (ii) developing a longitudinal his-
tory of BMI via medical record review (MRR) and
current anthropometric assessments (height, weight,
BMI) (20), along with measures of physical activity, nu-
trition and covariates for a sample of children from
each community recruited through schools (18). The
protocols for recruitment and enrolment of school dis-
tricts, schools and participant families into the HCS
are documented elsewhere (18).
A total of 9681 CPPs occurring in the past decade

were identified and characterized through interviews
with approximately 10–14 key informants per com-
munity (e.g. school principals, government staff) and
supplemented via document abstraction (e.g. reviews
of reports) (19). Retrospective collection of CPP infor-
mation from multiple sources allowed for each CPP to
be documented for the prior decade. Each CPP was
characterized by attributes related to its intensity (i.e.
behaviour change strategy, duration, reach) and other
dimensions (e.g. target behaviour, sector through
which delivered). CPP intensity scores that weighted
CPPs based on behaviour change strategy, duration
and reach were developed for each community for
each year over the prior decade. Higher weights were
assigned to CPPs that reached a greater proportion
of the community population (reach); that were ongo-
ing rather than infrequent or one-time events (dura-
tion); and that modified policies or access, barriers
and opportunities, as compared with those that pro-
vided information or enhanced skills (strategy). The at-
tributes of each observed CPP were scored as high
(1), medium (0.55) or low (0.1) for each of these three
dimensions, while allowing for change in these dimen-
sional scores over time to account for the evolution of
each CPP. A weighted score for each CPP was aver-
aged over the three dimensions, and then summed
to create a single, annual intensity score within each
community. Additional details on the protocols for
constructing the CPP Intensity Score are provided
elsewhere (19).
Data on 5138 child/parent pairs were collected at

home visits by trained field data collection personnel.
Height and weight information was abstracted from
paediatric healthcare provider records of consenting
families, yielding 31,620 MRR BMI measures among
3317 children (20). Statistical process control was
applied to a time series of observed BMI for each
child, and was used to eliminate individual MRR data
points that were grossly inconsistent with the BMI
data from the household visit and/or a series of
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other MRR data points observed on the same child.
This process removed 1512 extreme BMI outliers
and 90 children from the MRR dataset (protocol pro-
vided in online supplement). When combined with
data from the household visit, the analysis dataset
represents 33,335 BMI observations among 3227
children.
Linear mixed effects models (21) were used to as-

sess longitudinal relationships between childhood
BMI and CPP intensity scores, while adjusting for the
anticipated correlation among participants from within
the same school/community, and repeated measures
on children (18). Due to missing child/family covariate
information and missing dates of CPP onset or com-
pletion from key informant interviews, multiple imputa-
tion techniques were utilized with results integrated
across 20 imputed datasets (22).
Smooth spline curves were fit to discrete yearly

CPP scores within each community to facilitate esti-
mation of the CPP score matched in time with each
BMI measurement, as well as time-lagged effects
(e.g. matching the child’s BMI to the CPP score from
24 months prior) and cumulative effects (e.g. integrat-
ing the area under the CPP curve over the preceding
24-month period). These continuous community-
specific CPP intensity scores were standardized
across all communities and all years to range from
‘0’ (lowest intensity) to ‘1’ (highest intensity), providing
a consistent interpretation of CPP intensity score
across all models investigated.
A minimally adjusted statistical model combined

BMI measures from both the in-home visit and medi-
cal records; explaining these data as a function of
the time-varying intensity of within-community CPPs
as follows:

BMIijk ¼ f Ageijk;Genderij; β0
� �þ β1�CPPijk

þ β2�Heightijk þ δi0 þ δi1�CPPijk þ αij0

þ αij1�Ageijk þ εijk;

where the kth observed BMI measurement for the jth

study participant in the ith community is expressed
as a function of gender-specific (cubic polynomial)
age curves and the temporally matched community
programme/policy intensity score (CPPijk), after
adjusting for the child’s height, random-effect
community-specific BMI/CPP relationships (δi0 and
δi1) and random-effect child-specific BMI growth tra-
jectories as a function of age (αij0 and αij1).
The β1 parameter captures the association be-

tween CPP intensity and childhood BMI, and is
interpreted as the average change in BMI between
a community rated as having maximum intensity of

programmes and policies (1) and rated as having
minimal intensity (0). A fully adjusted model included
other child/family level factors (related to ethnicity,
family income, parental employment status and sea-
sonality) and community factors (related to educa-
tion, race and poverty) to assess the covariate
adjusted relationship between childhood BMI and
CPP intensity scores.
Because it may take time for the impact of com-

munity interventions on child BMI to be realized,
we examined temporal relationships. A series of 64
CPP intensity scores were explored across a range
of time-lagged values and cumulative periods of time
(0, 3, 6, 12, 18, 24, 30 and 36-month values for
each). Likelihood statistics (23) from the minimally
and fully adjusted models were combined to assess
which specific time-lag and cumulative period for
CPPs was optimal for predicting childhood BMI in
the HCS. A CPP intensity score based on a 24-
month lag (i.e. community score matched with BMI
24 months later) and a 24-month cumulative period
was identified as optimal. The supplementary online
material provides results for the CPP variable with
no time-lag, which had significantly lower likelihood
statistics.
Interaction terms were added to the models to as-

sess whether the relationship between CPP and BMI
differed by child and community factors such as gen-
der, income and race/ethnicity. Type-III F-tests (and t-
tests) were used to assess the statistical significance
of the relationship between (and within) each
subpopulation.

Results
Child participants

The full sample of 5138 children in the HCS and the
subset of 3227 children with longitudinal BMI data
from MRR were relatively evenly distributed by gen-
der, grade level and Hispanic ethnicity (Table 1). Over
40% were Hispanic, nearly a fifth were African Ameri-
can and nearly a third reported annual household in-
come below $20,000. Although the demographic
characteristics of the sample with and without ab-
stracted data were similar, the proportion of HCS chil-
dren with MRR data increased with income and as
children aged. Prevalence of overweight was similar
between those with and without MRR data, except
for children in grades 3–5. On average, there were
9.33 abstracted BMI measures per child, with less
than 1 year between successive measures
(0.77 years), and covering a time period (on average)
from 0.55 to 4.93 years prior to the household visit
(Table 1).
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Community programmes and policies

Community programme and policy (CPP) intensity
scores for the year prior to the data collection visit
had mean and median of 34.9 and 33.6, respectively,
and ranged from10.7 to 81.8, prior to standardization.
CPP intensity scores increased over time on average
across communities (dark bold line in top panel of
Figure 1) and tended to increase over time for most
communities (light lines in top panel of Figure 1). Most
CPPs were universal, not targeted to particular
subgroups at higher risk for obesity (such as African
Americans and Hispanics, or those living in low-
income communities); no significant differences in
CPP intensity scores were observed by community-
level sociodemographic characteristics (24,25).

Relationship between body mass index
and community-based programs and
policy intensity

The parameter that captures the relationship between
standardized CPP intensity and childhood BMI (β1)
was estimated as�1.602 kg/m2 in theminimally adjusted

model (p-value = 0.0028) and as �1.398 kg/m2

(p-value = 0.0077) in the fully adjusted model (Table
S1). That is, if a community at the minimum observed
CPP intensity score was instead at the maximum
observed score (shown as highest and lowest points
of individual communities in the light lines in the top
panel of Figure 1), it would be predicted to have chil-
dren who were about 1.6 BMI units smaller, as shown
in the dark bold line in the bottom panel of Figure 1.
The longitudinal model also included random-effect

community-level intercept and slopes that capture the
BMI/CPP relationships. As shown with the light lines
in the bottom panel of Figure 1, there is marked varia-
tion in these 130 community-specific BMI/CPP rela-
tionships with the length of the line along the x-axis,
depicting the range of CPP intensity scores within a
community. Similar results are provided for the BMI/
CPP Relationship with no time lag in Figure S1 and
Table S2.

Effect modification

The relationship between BMI and CPP intensity dif-
fered significantly as a function of child grade in

Figure 1 Community programme and policy scores over time across 130 Healthy Communities Study communities (top
panel) and relationship between BMI and standardized community programme and policy intensity scores (bottom panel).
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school, race, ethnicity, family income and parental ed-
ucation, but did not differ significantly as a function of
child gender or parental employment status (Table 2).
The relationship between BMI and CPP intensity also
differed significantly by community race/ethnicity, but
not by region, urbanicity or community income.
The BMI/CPP relationship was significantly different

than zero for boys, but not for girls, even though the
interaction of CPP intensity and gender was not signif-
icant (Table 2). The BMI/CPP relationship was signifi-
cantly different than zero for children in grades K–2
and 6–8, but not for grades 3–5; for children in subur-
ban communities, but not in urban communities (rural
communities were borderline significant); and for
children in the Northeast, but not in other regions.
Significant BMI/CPP relationships were also found
among families with income greater than $50 000,
but not for families with lower income. Similarly,
significant BMI/CPP relationships were not observed
in high proportion Hispanic or African–American
communities compared with other communities, or
for Hispanic or African–American children regardless
of where they live. Significant BMI/CPP relationships
were found for families with the maximum parental
education at the high school graduate, Bachelors
and Masters levels. Similar effect modification results
are provided for the BMI/CPP Relationship with no
time lag in Table S3.

Discussion
These data provide evidence of a statistically signifi-
cant and meaningful (15,26,27) relationship between
the intensity of community interventions and child-
hood obesity, and amplify results observed on
cross-sectional analyses of the HCS data (28). Based
on the minimally adjusted model, we estimated a re-
duction of 1.6 kg/m2 across children in grades K-8
in communities with the most intensive programmes
and policies aimed at reducing childhood obesity,
compared with communities with the lowest intensity,
based on the range of CPP intensity scores observed
over a decade in the HCS.
As expected, if a community changed from the min-

imum to the maximum observed score, the average
reduction in BMI was slightly lower (1.4 kg/m2) after
adjusting for key covariates, as some covariates com-
pete with CPP intensity scores for explanatory power,
with community characteristics found in the HCS to
explain approximately 25% of the variability in ob-
served CPPs (25). Findings suggest that if a commu-
nity were to expand its combination of programmes
and policies promoting physical activity and healthy
eating from the mean to the maximum observed

intensity score, child BMI would be reduced by
1.1 kg/m2. To achieve this result, a community might
shift from having 5–10 CPPs that mostly provide
information and reach less than 5% of children, to
having 20+ CPPs that impact policy or modify the
food and activity environment while reaching more
children.
Multiple temporal versions of the CPP intensity

score variable were explored, and scores
representing a 2-year cumulative average of CPP in-
tensity, occurring from 4 to 2 years prior to the ob-
served childhood BMI, were most strongly
associated with BMI in this longitudinal study. This
suggests the importance of substantial and long-term
investments in obesity prevention, and the potential
delayed effects of those investments.
Our finding that higher CPP intensity scores are

associated with lower BMI in a large diverse sample
of US children is encouraging; it suggests that
community actions to reduce childhood obesity over
the past decade have had a beneficial effect. This
effect was not uniform, however, and we found that
the estimated relationship between CPP intensity
and childhood BMI differed significantly among
different subpopulations of children. The results of
our effect-modification analyses show that CPP
intensity had the strongest relationship with BMI in
families with higher socioeconomic status (SES) and
had the weakest relationship in Hispanic families
and in urban communities. It is important to note
that these results were not adjusted for multiple
comparisons.
Health equity is advanced when community actions

to reduce childhood obesity focus on communities
with the greatest health disparities. In the HCS, how-
ever, there were no statistically significant differences
in CPP intensity scores based on community
sociodemographic characteristics (25). When
coupled with the findings reported here, the HCS data
indicate that community efforts, as designed and
implemented to date, are not associated with BMI
reductions in populations most likely to experience
health disparities. One possible explanation is that
the types of obesity-reduction CPPs most commonly
implemented are not well-tailored to the characteris-
tics and risk factors of groups, such as Hispanic or
low SES families (29), in which prevalence of obesity
is often the greatest. It is also possible that CPPs have
been appropriately designed and targeted for some
children, but that their effectiveness is blunted by bar-
riers and/or challenges faced by lower SES families or
communities. This fits conceptual models of the
mechanisms by which social determinants (30,31)
produce health disparities through differential
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exposures to health-promoting conditions (e.g. safe
streets for walking), differential vulnerabilities and
capabilities and differential consequences including
limited access. Findings are also consistent with
others showing a widening gap in disparities in
childhood obesity (31), and point to a need to identify
and implement comprehensive interventions that
effectively reduce childhood obesity and promote
equity in conditions that support healthy weight in
vulnerable populations (32). Communities with higher
existing rates of obesity may require more compre-
hensive, targeted and sustained approaches to
promoting physical activity and healthy nutrition. In
the context of other research, identifying reasons for
differences in BMI/CPP relationships by urbanicity
also merits further study (33).
As a large observational study, the HCS has impor-

tant strengths and limitations. To assure a large num-
ber of diverse communities and children, the HCS
oversampled Hispanic and African–American com-
munities and families; this decreased the likelihood
that insufficient sample size could explain the lack of
significant BMI/CPP relationships in these popula-
tions. Use of MRR to document BMI of children over
time introduced challenges with inconsistent data
quality. The HCS also required use of multiple imputa-
tion techniques to overcome challenges posed by
missing data. Recruitment of children and key infor-
mants from within the same school improved the like-
lihood that participant children were exposed to the
reported school-based CPPs. For logistical reasons,
recruitment of children through schools did not em-
ploy probability-based sampling (34). Therefore, fac-
tors related to non-response could not be assessed,
and adjustments for potential selection biases were
not pursued. Similarly, documentation of CPPs likely
suffered from limitations in recall, records and tenure
of some key informants – particularly affecting CPP
intensity scores further back in time. We anticipate
consistency in this potential bias across HCS
communities, perhaps contributing to the general
increasing trend of CPP intensity scores over time.
Lastly, we note that the results presented represent
just one of many different potential computational
methods to construct a single overarching longitudinal
CPP intensity score (i.e. the method defined in the
original HCS protocol) (17). In future work, we will
explore longitudinal associations between childhood
BMI and a variety of subtype CPP indices. These
more specific and tailored CPP indices may yield
additional insight into the types of CPPs that are most
effective within important subpopulations, leading to
strategies that combat disparities in childhood
obesity.

Conclusions
Findings from this observational study suggest that
the intensity of community programmes and policies
– the reach, strategy and duration – makes a mean-
ingful difference in childhood obesity. This fits our
understanding of dose-response relationships that
childhood BMI (the response) would follow the dose
(intensity of community programmes and policies to
promote physical activity and healthy nutrition)
experienced by a community’s children. Because
community-wide interventions do not necessarily
achieve equal benefits for all children, targeted efforts
of sufficient intensity that reach subpopulations, such
as racial/ethnic minorities, may also require research
and implementation to achieve health equity and
assure healthy weight for all our children.
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Month Cumulative Period); with and without Adjusting
for Covariates.
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(No Time Lag)
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