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Approximately 17% of the children in the
United States aged 2 to 19 years are obese.1

Obesity has both short- and long-term health
consequences through adulthood.2---5 A vast
field of research has struggled to identify
factors contributing to this epidemic that are
most amenable to change. Recent research
has used ecological frameworks to explore
risks for childhood obesity at multiple levels,6

including school7 and neighborhood8 contexts,
yet few studies have explored these contexts
simultaneously.9---11Despite the fact that obesity
rates nearly double during preadolescence,12

few studies have explored contextual effects
specific to this age group.13

NEIGHBORHOODS AND
PREADOLESCENT OBESITY

Residential neighborhood factors influence
childhood development and well-being.14 As
has been found among adults,15 lower neigh-
borhood socioeconomic status (SES) has been
associated with childhood obesity and related
behaviors such as diet and exercise.16---18

Among adults, this association may relate to
factors such as access to healthy food and
places to exercise,15 neighborhood safety,19 the
existence of neighborhood social ties or co-
hesion,20---22 and health norms among social
networks.23,24 Among children, however, and
particularly among preadolescent children, the
evidence is much more limited.

Most studies among preadolescent children
have focused on characteristics of the
neighborhood-built environment that influence
diet, exercise, and body mass index (BMI;
defined as weight in kilograms divided by the
square of height in meters). Studies among
younger children have found that proximity to
convenience stores and fast food outlets is
associated with higher body weight11,25,26 and

unhealthy food intake,26 whereas proximity to

supermarkets and produce markets is associated

with lower body weight.11,26,27 One study found

that rates of preadolescent physical activity

were associated with greater perceived access to

parks, playgrounds, and gyms, and more neigh-

borhood social ties, but not to perceptions of

neighborhood safety.28 Another study of girls

aged 9 to 10 years found that living in high-

income areas was associated with less sedentary

activity,29 suggesting that levels of neighborhood

advantage, and not just disadvantage, also may

be associated with the risk of childhood obesity.

Finally, the only social environment inquiries

among preadolescent children have focused on

peer social ties and networks, showing that

physically active middle school students are

more likely to have physically active friends.30

However, these social ties were not specifically
tied to the neighborhood context.

SCHOOLS AND PREADOLESCENT
OBESITY

Obesity rates also differ significantly by
school. Although a recent review found in-

sufficient evidence to suggest a relation be-

tween the internal school physical environment

and child obesity,31 a promising area of re-

search focuses on the internal school psycho-

social environment. Our own prior study

modeling school differences in BMI found that

students attending schools with a more positive

school climate, characterized by supportive and

caring educators who care about students’

learning and well-being, had lower average

Objectives. We examined independent and synergistic effects of school and

neighborhood environments on preadolescent body mass index (BMI) to de-

termine why obesity rates nearly double during preadolescence.

Methods. Physical measures and health surveys from fifth and sixth graders in

12 randomly selected schools in New Haven, Connecticut, in 2009 were matched

to student sociodemographics and school- and residential census tract–level

data, for a total of 811 urban preadolescents. Key independent variables included

school connectedness, neighborhood social ties, and school and neighborhood

socioeconomic status. We estimated cross-classified random-effects hierarchi-

cal linear models to examine associations between key school and neighbor-

hood characteristics with student BMI.

Results. Greater average connectedness felt by students to their school was

significantly associated with lower BMI. This association was stronger among

students living in neighborhoods with higher concentrations of affluent neigh-

bors.

Conclusions. How schools engage and support students may affect obesity

rates preferentially in higher-income neighborhoods. Further research should

explore the associations between multiple environments to which children are

exposed and obesity-related behaviors and outcomes. This understanding of the

multiple social–spatial contexts that children occupy has potential to inform

comprehensive and sustainable child obesity prevention efforts. (Am J Public

Health. 2015;105:2496–2502. doi:10.2105/AJPH.2015.302882)
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BMI compared with students in schools with
less positive school climate.32

School connectedness is a component of
school climate and refers to the sense of attach-
ment and loyalty students have to their school.33

This construct is similar to neighborhood social
cohesion.34 Although this literature is new, re-
search has shown a protective association of
school connectedness with lower risk of chronic
illnesses,35 fewer depression and anxiety symp-
toms,36 fewer risk-taking behaviors,37 fewer bul-
lying incidents,38 and lower odds of smoking.39

NEIGHBORHOODS VS SCHOOLS AND
PREADOLESCENT OBESITY

Given that children spend substantial time
at both school and home, it is important to
consider the cumulative or interactive effects of
school and neighborhood environments on
child obesity-related health behaviors and
weight. Although several studies have de-
scribed interactions between school and
neighborhood characteristics on a variety of
outcomes, we found only 3 studies that exam-
ined the simultaneous associations of school
and neighborhood contexts on obesity-related
outcomes among preadolescents.

Of these studies, 1 found no significant
association between school and home food
environments on diet or BMI.9 However, this
study was limited to publicly available retailer
data and self-reported BMI. A second study
explored associations of home and school
neighborhood environments with physical ac-
tivity levels and found that attributes of each
context were uniquely associated with overall
activity levels.10 The authors argued that youths
spend time in multiple contexts, so examining
only 1 environment underestimates the envi-
ronmental determinants of physical activity.
However, this study included preadolescents
and adolescents in the same sample and did not
examine differences in age groups. A third study
found that among 9- to 10-year-old girls who
walked or biked to school, fat mass index was
lower among those who lived in neighborhoods
with healthy food outlets and higher among
those with more access to unhealthy outlets on
their route to school and surrounding their
school.11 Nevertheless, this study was conducted
in rural United Kingdom and is thus likely not
generalizable to urban US preadolescents.

CURRENT INVESTIGATION

In this study, we explored the independent
and interactive associations of neighborhood
and school socioeconomic and social contexts
with BMI among an urban sample of preado-
lescents, above and beyond known differences
by individual-level factors such as SES and
race/ethnicity. We hypothesized that BMI
would be associated with characteristics of each
environment independently and that positive (or
negative) attributes of each would interact and
be associated with lower (or higher) BMI.

We conducted this study in New Haven,
Connecticut, a city of approximately 130 000
that experiences persistent socioeconomic and
health disparities.40,41The city school district is
largely an interdistrict school choice system,
meaning that students do not always attend
school in their residential neighborhood nor
necessarily live in the same neighborhood as
their school friends. New Haven is therefore an
ideal place to explore the unique role of school
and neighborhood social---spatial contexts on
disparities in obesity.

METHODS

Data for this study were drawn from the
Community Interventions for Health study,
a longitudinal, school-stratified study of pre-
adolescent students from 12 randomly selected
schools (kindergarten through eighth grade) in
New Haven. Detailed study procedures are
described elsewhere.42,43 All fifth- and sixth-
grade students (n = 1312) were invited to
participate in the study. Response rate for the
survey was 83% (n =1094). Parental consent
included opt-out forms sent home with each
student. On the day data were collected, stu-
dents were allowed to opt out of the survey or
physical measures data collection.

We collected student data in fall 2009 and
included both health surveys and physical
measurements. Surveys containing 55 items
that assessed health, health behaviors, and
neighborhood health environments were ad-
ministered online in computer laboratories
during computer classes. Trained research staff
read the survey aloud while children confi-
dentially responded online, with assistance
given as needed. We used data from 9 of these

items in the current analysis, including diet,
exercise, and neighborhood social ties.

Trained research staff collected physical
measurements in a private area during gym
class. Height and weight were measured
according to the World Health Organization
Expanded STEPS protocol.44 A standardized
stadiometer (Charder Electronic Co, Ltd,
Taichung City, Taiwan) and electronic flat scale
(Seca Co, Hamburg, Germany) were used to
measure height to the nearest half-centimeter
and weight to the nearest tenth of a kilogram.

Supplementary data came from several
sources. Student sociodemographic characteris-
tics were extracted from records updated annu-
ally and provided by our school district partners.
These were merged with survey and physical
measures via student identification number.

Neighborhood-level data were drawn from
the US census or aggregated from student
records. Census tracts were used to approximate
neighborhoods in this study, as tracts in New
Haven are closely aligned with locally derived
neighborhood boundaries.45 We used ArcGIS
software (Esri, Redlands, CA) to geocode and link
student addresses to 2000 US Census data by
census tract identifiers (FIPS codes).

School-level data came from the 2009 to
2010 School Learning Environment survey, an
independent district-wide survey conducted an-
nually by the Connecticut Department of Edu-
cation that collects data directly from each of the
study school’s students, teachers, and parents.
This survey includes questions on academic
expectations, school communication, student en-
gagement, safety and respect, and collaboration.

Analytic Sample

Of the 1094 total students who took the
health survey, we were unable to include 283
in this study because of absence on the day
of the physical data collection, missing address
for geocoding, or other missing study variable
data. Therefore, the final analytic sample for
this investigation included the 811 students
with complete data. Because this sample rep-
resents only 74% of the survey respondents,
we ran a sensitivity analysis on those excluded
by comparing them with those included on all
final model variables, and we controlled for
clustering due to school-based sampling. The
only significant differences were that ex-
cluded students were more likely to be of

RESEARCH AND PRACTICE

December 2015, Vol 105, No. 12 | American Journal of Public Health Carroll-Scott et al. | Peer Reviewed | Neighborhood and Health | 2497



higher SES according to our single measure
of eligibility for reduced-price or free lunch
program (odds ratio [OR] = 2.03; P< .01)
and reported slightly more social ties in
their neighborhoods (mean=3.3 vs 3.0, re-
spectively; P= .01) compared with those who
were included in the analyses. We thus
controlled for these 2 variables in all analyses.

The analytic sample of neighborhoods in-
cluded 25 of the 29 total census tracts in New
Haven in which the student sample was rep-
resented. The tracts contained between 6 and
85 students (mean =32). The school sample
included the 12 randomly selected kindergar-
ten through eighth-grade study schools.

Student Body Mass Index

We used measured student heights and
weights to calculate BMI for each child, which
we then converted to BMI percentile based on
age- and gender-adjusted Centers for Disease
Control and Prevention growth charts.46

Neighborhood Social and Socioeconomic

Environment

Neighborhood social ties. Students answered
3 survey items to assess neighborhood social
ties: (1) “How many of the grown-ups in your
neighborhood do you know?”; (2) “How many
of the kids and teens do you know?”; and (3)
“Now think about your closest friends; do any
of them live in your neighborhood?” (adapted
from Los Angeles Family and Neighborhood
Survey).47 Ordinal responses, ranging from
0 (knows none) to 5 (knows most), were
averaged to create a mean scale of peer and
intergenerational ties. The mean scale was
aggregated to the neighborhood level as an in-
dicator of neighborhood-level social environment.
Concentrated affluence. We created a factor-

weighted scale to capture the upper extreme of
the socioeconomic spectrum to measure the
relative affluence of a neighborhood. The argu-
ment for examining affluence as its own construct
is that as poverty has become more

geographically concentrated, so have neigh-
borhoods characterized by higher educational
attainment, income levels, and occupations.34

US census variable indicators of concentrated
affluence included percentage of residents aged
25 years or older with a college education,
percentage of households with high income
(> $75000/year), and percentage of residents
who are executives or professionals.34

Concentrated disadvantage. We created an-
other factor-weighted scale to measure the
opposite end of the socioeconomic spectrum
defined by 4 tract-level census characteristics:
percentage living below the poverty line, per-
centage receiving public assistance, percentage
of female-headed families with children, and
percentage who were unemployed.34 The use
of a multidimensional cluster of neighborhood
traits provides a more comprehensive per-
spective on the social ecology of neighbor-
hoods than does the use of a poverty measure
alone.48 We simultaneously modeled both
ends of the socioeconomic continuum to de-
termine their relative importance.49

School Social and Socioeconomic

Environment

School connectedness. Our measure of school
connectedness was based on Resnick’s School
Connectedness Scale50 and was created from
a subset of 5 items from the school district’s
School Learning Environment survey that was
collected from only the student respondents.
The 5 survey items were

1. “I feel safe in this school,”
2. “There is at least1adult in this school that

knows me well,”
3. “Overall, I feel good about this school,”
4. “I feel welcomed in my school,” and
5. “I am treated fairly in this school.”

All items were collected on a response scale
from 1 (strongly disagree) to 5 (strongly agree)
and combined into an additive scale with
total scores ranging from 5 to 25 (Cronbach
a=0.94).
School socioeconomic status. The percentage

of students who qualify for the free or
reduced-price school lunch program was our
best available measure of students’ family SES.
Although not an ideal measure,51 it is used
frequently in student studies because of its
universal access in school settings.52

TABLE 1—Sample Description, 25 Census Tracts, and 12 Schools: Community Interventions

for Health Study, Student Module, New Haven, Connecticut, 2009

Variable No. (%) or Mean 6SDa

Student-level variables (n = 811)

BMI percentile 71.8 629.52

BMI z score 0.81 61.17

Latino 392 (48.3)

Black 327 (40.3)

White/other 92 (11.3)

Eligible for free or reduced-price lunch 734 (90.5)

Meets 2010 dietary guidelines for fruit and vegetable intake 26 63.21

Exercises 1 h each day 176 (21.7)

Neighborhood social ties (0–5) 3.00 61.32

Neighborhood-level variables (n = 25)

% Latino 24.84 618.52

% Black 39.36 619.84

Concentrated affluence 23.99 614.12

Concentrated disadvantage 17.26 66.99

Aggregated neighborhood social ties (0–5) 3.05 60.05

School-level variables (n = 12)

% Latino 46.92 628.88

% Black 37.43 624.30

% eligible for free or reduced-price lunch 82.70 69.71

School Connectedness Scale (5–25) 19.34 61.51

Note. BMI = body mass index.
aMean 6SD for continuous variables and No. (%) for categorical variables.
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Student-Level Control Variables

Fruit and vegetable intake. We asked stu-
dents how many days per week they usually
eat fruits and vegetables and their usual
number of servings per day.48 We calculated
average daily fruit and vegetable consump-
tion to classify them as meeting or not
meeting current dietary guidelines (US De-
partment of Agriculture Center for Nutrition
Policy and Promotion),53 a benchmark for healthy
dietary behaviors.
Physical activity. We used 2 items to create

a dichotomous variable of students who meet
current US guidelines for children of 60 minutes
of exercise per day54: “In the past week, how
many days did you exercise for at least 30 min-
utes (e.g., walking, playing, sports, gym/PE class)”
(adapted from Patrick et al.55) and (2) “How long
do you usually exercise on these days?”
Neighborhood social ties. The individual-level

mean scale score of neighborhood social ties

was used as a control variable to ensure that
the neighborhood aggregate scale truly repre-
sented social ties among all students in the
neighborhood, above and beyond what any
individual student reported.
Sociodemographic control variables. Individual-

level demographic controls included age, race/
ethnicity, gender, and individual-level qualification
for free or reduced-price school lunch program
(yes/no). Tract-level controls included percentage
of residents who were Black or Latino, drawn
from US census data. School-level controls in-
cluded the percentage of Black and Latino stu-
dents, drawn from state data.

Statistical Analysis

We estimated cross-classified random-effects
hierarchical linear models, in which students
were simultaneously nested within schools and
neighborhoods, to examine associations and in-
teractions between key school and

neighborhood characteristics and student BMI,
above and beyond control variables. We esti-
mated multilevel regression models with
PROC MIXED in SAS version 9.3 (SAS Institute,
Cary, NC) and used maximum likelihood esti-
mation method to calculate model parameters.

To make interpretation of the model more
meaningful, the social ties scale score was
centered around the grand mean, and con-
tinuous neighborhood- and school-level pre-
dictor variables were centered around
neighborhood- and school-level group
means, respectively.56

RESULTS

Table 1 presents means and SDs or fre-
quencies and percentages for all individual-,
school-, and neighborhood-level variables in-
cluded in analyses. The mean BMI percentile
indicates that, on average, the students in this
sample had higher BMIs than 72% of their
peers nationally, indicating an above-average
risk of overweight and obesity. The students in
our sample were predominantly Black and
Latino, were from low-income families, and
reported diet and exercise behaviors well
below national recommendations.

Table 2 presents results from the cross-
classified random-effects model that examined
the unique and interactive associations of
neighborhood- and school-level variables
with individual student BMI percentiles,
while controlling for individual-, neighbor-
hood-, and school-level sociodemographic var-
iables. We found a significant association be-
tween school connectedness and BMI
percentile (B =–2.31; 95% confidence interval
[CI] =–4.43, –0.20; P= .03), such that indi-
vidual students’ BMI percentile decreased by
approximately 2.3 percentage points for
each 1-unit increase in the school connected-
ness scale for students from a neighborhood
with concentrated affluence at the mean. This
was true even when holding dietary and exercise
behaviors and sociodemographic risk factors
constant. Neighborhood-level social ties, concen-
trated affluence, and concentrated disadvantage
indices had no significant main effects on
BMI. However, explorations of interactive effects
identified a significant interaction between con-
centrated affluence and school connectedness
(B=–0.15; 95% CI=–0.30, –0.01; P= .03);

TABLE 2—Cross-Classified Random-Effects Model Predicting Body Mass Index Percentile:

Community Interventions for Health Study, Student Module, New Haven, Connecticut, 2009

Variable B (95% CI) SE

Student-level variables (n = 811)

Latino 11.25** (3.29, 19.22) 4.06

Black 12.63** (4.51, 20.75) 4.14

Eligible for free or reduced-price lunch –2.33 (–10.78, 6.13) 4.31

Meets 2010 dietary guidelines for fruit and vegetable intake –8.87 (–20.20, 2.45) 5.77

Exercises 1 h each day –1.91 (–6.89, 3.06) 2.53

Neighborhood social ties scale (0–5)a –2.65** (–4.28, –1.02) 0.83

Neighborhood-level variables (n = 25)b

% Latino 0.22 (–0.08, 0.52) 0.15

% Black 0.03 (–0.19, 0.25) 0.11

Concentrated affluence 0.00 (–0.35, 0.35) 0.18

Concentrated disadvantage –0.11 (–0.97, 0.74) 0.43

Aggregated neighborhood social ties (0–5) 6.53 (–2.57, 15.64) 4.64

School-level variables (n = 12)c

% Latino –0.04 (–0.34, 0.27) 0.16

% Black –0.10 (–0.39, 0.20) 0.15

% eligible for free or reduced-price lunch –0.15 (–0.69, 0.38) 0.27

School Connectedness Scale (5–25) –2.31* (–4.43, –0.20) 1.08

Interaction: concentrated affluence · School Connectedness Scale –0.15* (–0.30, –0.01) 0.07

Intercept 70.93*** (57.54, 84.32) 5.66

Note. CI = confidence interval.
aContinuous, individual-level independent variables were centered about the grand mean.
bContinuous neighborhood-level independent variables were centered about the neighborhood-level mean.
cContinuous school-level independent variables were centered about the school-level mean.
*P < .05; **P < .01; ***P < .001.
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the decrease in BMI percentile as school con-
nectedness increased was larger as neighborhood
concentrated affluence increased.

Figure 1 presents predicted values for the
BMI percentile across the range of School
Connectedness Scale scores at 3 different levels
of neighborhood concentrated affluence, with
other covariates fixed at their averages and
other cofactors fixed at 0. Figure 1 shows that
the association of school connectedness with
BMI percentile is stronger as neighborhood
affluence increases. The slope is steepest for
students living in a neighborhood at 1 SD
above the mean level of affluence. The slope is
comparatively less steep for students living in
a neighborhood at the mean level of affluence
and is almost flat (suggesting no association) for
students living in a neighborhood 1 SD below
the mean affluence level. The interaction be-
tween school connectedness and neighbor-
hood disadvantage was nonsignificant and
therefore was not included in the model.

DISCUSSION

Our results indicate that higher school con-
nectedness is associated with lower BMIs.

Despite no direct association of neighborhood
affluence with BMI, the association of school
connectedness and BMI was much stronger
among children living in more affluent neigh-
borhoods than among children from less af-
fluent neighborhoods. Neighborhood disad-
vantage had no direct association with BMI and
did not interact with school connectedness.

Our study adds healthier BMI to the list of
positive health outcomes previously associated
with school connectedness. In our sample of
students, a 1-unit increase in the school con-
nectedness scale equated to a 33% reduction
of obesity (‡95th BMI percentile) and a 17%
reduction of overweight (‡85th and <95th
BMI percentile) for students from a neighbor-
hood with concentrated affluence at the mean.
These findings are consistent with evidence
that school connectedness is a protective factor
for child behavioral, cognitive, and achieve-
ment outcomes.14 Similar to the neighborhood
social cohesion literature,34 schools in which
students feel supported and socially connected
may foster healthier social norms, such as the
social acceptability of fruit and vegetable con-
sumption, physical activity, or a lower average
BMI.57 However, there was no association

among students living in poorer neighbor-
hoods. Students from more disadvantaged
neighborhoods may experience stressors in
their home or neighborhood environments,
such as food insecurity or exposure to com-
munity violence, that make a positive school
environment or school connectedness less rel-
evant for their weight or related health be-
haviors.58---60 Conversely, students living in
neighborhoods with more affluent neighbors
had a stronger negative association between
school climate and BMI. More affluent neigh-
borhoods may confer benefits of healthier
social norms or improved access to healthy
foods, allowing students to better leverage the
advantages of a positive school climate to
maintain healthier behaviors.8,61

Limitations and Strengths

This study had several limitations. We were
limited by our single individual-level family
SES variable and had no other family-level data
with which to more precisely model family
socioeconomic environment as separate from
neighborhood factors. This was partly because
of our inability to survey parents and guardians
as a result of school district wishes. Future

Note. Displayed are predicted values for the body mass index percentile across the range of School Connectedness Scale scores at 3 different levels of Neighborhood Concentrated Affluence, with

other covariates fixed at their averages and other cofactors fixed at 0; predictions are based on a cross-classified random effects model.

FIGURE 1—Association of body mass index percentile with school connectedness in urban preadolescents, by level of neighborhood concentrated

affluence: New Haven, Connecticut, 2009.
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research should collect data from parents and
students to get a better assessment of family
SES and neighborhood environments.We lacked
the sample size and statistical power to include
more school- and neighborhood-level explana-
tory variables. Finally, our data were cross-
sectional, and therefore, caution must be taken
when interpreting our findings. We cannot draw
conclusions about the direction of effects or
examine the mechanisms through which neigh-
borhood affluence influences the relation be-
tween school connectedness and BMI.

Despite these limitations, a strength of this
study was working with our school district
partners to link primary student health data to
existing student and school data; this novel
method minimized data collection burden on
the schools and maximized utility of existing
data. This cross-sectional exploration of school
connectedness, neighborhood affluence, and
BMI is a critical step to understanding how
school and neighborhood environments inter-
act to affect preadolescent obesity.

Future research must explore the longitudi-
nal effect of positive changes in school con-
nectedness on student BMI as well as the
dynamic nature of student exposures to schools
and neighborhoods and associated social ties
and interactions over time. Such research
would allow tests of causality, directionality,
and potential mechanisms of action. Additional
research into the School Connectedness Scale
and related school climate scales is also im-
portant to explore different dimensions of
school connectedness and how they relate to
obesity and other health behaviors and out-
comes in different samples.

Our results extend previous research by
examining objectively measured preadolescent
BMI in relation to school connectedness and
neighborhood affluence and by modeling in-
dividual, school, and neighborhood effects in-
dependently and simultaneously.

Conclusions

Our findings indicate that both neighbor-
hood and school environments are important
for understanding and addressing child obesity.
For maximum effect of obesity prevention
programs, we must discuss multicontextual
programs that build on the realities and com-
plexities of the contexts to which children are
exposed. Research and prevention efforts on

child obesity must include all aspects of children’s
lives—their neighborhood, their school, and the
health habits that are developed and reinforced in
each setting. Our study suggests that schools that
engage and support their students may play
a positive role in student weight and thus should
continue to be explored as a potential factor in
efforts to curb the obesity epidemic. However,
our results indicate that well-intentioned school
climate interventions may benefit only students
from higher-income neighborhoods if broader
social inequalities persist.

Further research is needed that explores the
simultaneous and interactive associations be-
tween the multiple environments to which
children are exposed and a variety of
obesity-related behaviors and outcomes.
This more complex understanding of the mul-
tiple social---spatial contexts that children occupy
holds great potential to inform comprehensive
and sustainable child obesity prevention efforts.j
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