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OBJECTIVES: This study examined the long-term effects on BMI of a randomized controlled
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trial of Students for Nutrition and Exercise, a 5-week, middle school–based obesity
prevention intervention combining school-wide environmental changes, encouragement to
eat healthy school cafeteria foods, and peer-led education and marketing.
METHODS: We randomly selected schools from the Los Angeles Unified School District and

assigned 5 to the intervention group and 5 to a wait-list control group. Of the 4022 seventhgraders across schools, a total of 1368 students had their height and weight assessed at
baseline and 2 years’ postintervention.
RESULTS: A multivariable linear regression was used to predict BMI percentile at ninth

grade by using BMI percentile at seventh grade, school indicators, and sociodemographic
characteristics (child gender, age, Latino race/ethnicity, US-born status, and National School
Lunch Program eligibility [as a proxy for low-income status]). Although the Students for
Nutrition and Exercise intervention did not exhibit significant effects on BMI percentile
overall, intervention students who were classified as obese at baseline (in seventh grade)
showed significant reductions in BMI percentile in ninth grade (b = –2.33 percentiles; SE,
0.83; P = .005) compared with control students. This outcome translated into ∼9 pounds
(∼4.1 kg) lower expected body weight after 2 years for an obese student in the intervention
school at the mean height and age of the sample at baseline.
CONCLUSIONS: Multilevel school-based interventions can have long-term effects on BMI among

students who are obese. Future research should examine the mechanisms by which schoolbased obesity interventions can affect BMI over time.
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WHAT’S KNOWN ON THIS SUBJECT: Research
indicates that school-based interventions,
especially those involving changes to the school
food environment, can improve adolescents’ eating
behaviors. Few previous school-based obesity
prevention interventions have shown long-term
effects on BMI in randomized controlled trials,
especially for middle school students.
WHAT THIS STUDY ADDS: We conducted a randomized
controlled trial of a middle school–based obesity
prevention intervention combining environmental
changes, encouragement of healthy eating and
physical activity, and peer-led marketing. Students
in the intervention who were obese in seventh grade
showed reduced BMI in ninth grade.
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More than one-fifth of US adolescents
aged 12 to 19 years are obese.1–3
Although obesity rates are high
overall, rates for Latino adolescents
are higher than for other racial/
ethnic groups (eg, 22.5% among
Latinos aged 12–19 years vs 19.6%
among whites).1 Because adolescent
obesity is a predictor of obesity and
health issues in adulthood,3 obesity
prevention interventions for youth
are critical.
School-based obesity prevention
programs hold promise for reaching
adolescents in a setting with multiple
potential intervention points. Schoolbased interventions have improved
eating and physical activity behaviors
among adolescents.4 For example,
immediately postintervention, a
10-school randomized controlled
trial (RCT) of Students for Nutrition
and Exercise (SNaX), a 5-week,
middle school–based intervention,
found significant increases in the
proportions of students served fruit
and lunch in the cafeteria and a
significant decrease in the proportion
of students buying snacks at
school. It also found greater obesity
prevention knowledge, more positive
attitudes about cafeteria food and
tap water, increased intentions
to drink water, and greater water
consumption.5,6 SNaX combined
school-wide environmental changes,
encouragement to eat healthy food
and engage in physical activity in
school and at home, and peer-led
education about healthy eating and
physical activity. Interventions such
as SNaX, which combine strategies to
increase healthy nutritional intake
and physical activity, have been more
successful than those interventions
that target only nutritional intake or
physical activity.7–9
In school-based interventions, effects
for BMI and other obesity-related
outcomes have generally been small
and short-lived.4,7,10 Although some
school-based RCTs have reported
effects on BMI among adolescents,11
most empirical support comes from
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quasi-experimental designs.12 Few
RCTs of combined physical activity
and nutrition-focused, school-based
obesity prevention interventions
have shown effects on BMI across
the school population. For example,
Planet Health, a middle school
intervention that integrated material
on increasing physical activity
and healthy eating and decreasing
sedentary behavior in the classroom
and physical education, reported a
reduction in obesity in girls but not
in boys.13
Mixed results for BMI may reflect
behavior change failing to transfer
from the school environment to the
home or neighborhood. Interventions
that teach youth skills to change
habits across contexts, and that
also provide tools and education
to parents, may be more effective.
Thus, we examined the long-term
effects of SNaX on BMI 2 years’ postintervention. Although SNaX lasted
only 5 weeks, a primary goal of
the program was to teach students
skills that could be transferred to
the family and to peers, as well as to
instill healthier habits and provide
students and parents with strategies
for longer term behavior changes.5
We hypothesized that SNaX would
set in motion changes in behavior
that ultimately would affect BMI.

METHODS
Design
The present study was an RCT that
included 5 intervention schools and
5 wait-list control schools in the
Los Angeles Unified School District
(LAUSD), a primarily Latino school
district in Los Angeles County in
which 15% of seventh-graders
(∼12–13 years old) and 19% of
ninth-graders (∼14–15 years old)
were estimated to be obese in the
2012–2013 school year, and 22%
of seventh-graders and 25% of
ninth-graders were estimated to be
overweight.14 The number of schools

was based on a pre-RCT power
analysis for small-to-medium effects.
The RCT began in January 2009.
We used stratified randomization
of 5 pairs of intervention-control
schools, matched on baseline school
similarity, such that each matchedpair was randomized together
and participated during the same
semester. Study implementation was
staggered over 3 semesters, such
that 1 matched-pair received SNaX
in the 2009 spring semester, and 2
matched-pairs each received SNaX in
the 2010 and 2011 spring semesters.
The first 2-year post-intervention
anthropometric assessment occurred
in the spring 2011 semester, and
the last 2-year post-intervention
anthropometric assessment occurred
in the spring 2013 semester.
To decrease the possibility of
contamination, control schools were
not offered the SNaX program until
the 2012–2013 school year (∼2
years after the last baseline BMI
assessment and 1 year after seventhgraders exposed to SNaX would have
graduated from middle school).

Intervention
SNaX was tested as a 5-week, middle
school intervention combining
school-wide food environmental
changes with a seventh-grade peer
leader club that incorporated social
marketing. The environmental
changes included offering a greater
variety of sliced/bite-sized food and
freely available chilled filtered water
at lunch; posters promoting physical
activity, cafeteria food, and healthy
eating; and nutritional postings about
cafeteria food. A main goal of the club
was to increase student advocacy.
Specifically, using role-plays,
seventh-grade student peer leaders
were taught skills for approaching
other students during lunchtime
activities, as well as family members
at home, to promote SNaX messages
(regarding cafeteria food, water,
sugar-sweetened beverages, fruits/
vegetables, and physical activity/
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inactivity) with a motivational
interviewing (nonconfrontational
and encouraging) style. Each peer
leader was asked to recruit a
partner (another student) to assist
with lunchtime activities, which
directly exposed more students to
intervention messages. The social
marketing aspect also included taste
tests of cafeteria foods, delivered by
peer leaders, and a short film shown
to the entire seventh-grade class that
encouraged physical activity (eg,
through a dance video) and healthy
eating. Students were encouraged
to eat in the cafeteria because the
district had reformulated its offerings
to be healthier. All seventh-graders
were given take-home activities to do
with their parents during each week
of the program (eg, a worksheet to
indicate parents’ and adolescents’
likes and dislikes for fruits and
vegetables, and the types of fruits and
vegetables kept at home). After the
5-week intervention period, the club
and provision of water and additional
fruits and vegetables ended.
A total of 454 peer leaders and
partners participated across
intervention schools (23% of all
seventh-graders); 1128 students
across schools (57%; range, 24%–
75%) completed at least 1 parent–
student activity. Further descriptions
of SNaX (including the setting, design,
and results) are available in earlier
publications,5,6,15–20 and intervention
materials are available at www.
snaxinschools.org.

FIGURE 1
Consolidated Standards of Reporting Trials ﬂow diagram for SNaX.

Participants

for lower income) and at ninth grade
to obtain height and weight (assessed
district-wide on the Fitnessgram,
a California-mandated test that
includes BMI).21 Parents gave active
consent for the anthropometric
assessment, NSLP data extraction,
and surveys. Children provided
assent.

data, and 1368
(829 intervention, 539 control) had
follow-up anthropometric data (Fig 1).
Analyses were performed on the
1368 students (829 intervention,
539 control) for whom we had
a completed baseline survey
and seventh- and ninth-grade
anthropometric data.

Parents of all seventh-graders
were asked for written informed
consent for their child to participate
in the in-class surveys before and
immediately after the 5-week
intervention period; for their child
to participate in anthropometric
measurement of height and weight;
and for the team to obtain the child’s
district records at seventh grade to
determine National School Lunch
Program (NSLP) eligibility (a proxy

A total of 4022 students were eligible
across schools (1954 intervention,
2068 control), of whom 2809
obtained parental consent for both
the survey and anthropometric data
collection from the child’s school
records (1371 intervention, 1438
control). Of those students who
had parental consent, 2439 (1178
intervention, 1261 control) had
baseline survey and anthropometric

Data Collection
Outcome: Anthropometric Measurement
For all seventh-graders at baseline,
study team members used a
portable stadiometer (maximum
capacity, ≤206 cm) to take 2 height
measurements and a third when
measurements differed by >0.5
cm. Weight was measured by using
an electronic scale (BWB-8005;
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Tanita Corporation of America,
Inc, Arlington Heights, IL) with a
maximum capacity of 200 kg (440
pounds). BMI was calculated as
(weight in pounds/[height in inches ×
height in inches]) × 703. Youth
were classified according to the
categorization by the Centers for
Disease Control and Prevention as
underweight (BMI <5th percentile),
healthy weight (BMI ≤5th but <85th
percentile), overweight (BMI ≥85th
percentile and <95th percentile),
or obese (BMI ≥95th percentile) by
using age- and gender-appropriate
charts for BMI percentile.22
At follow-up, school staff were
required by the district to assess
height and weight in ninth grade
as part of the Fitnessgram.21 We
obtained Fitnessgram height and
weight records from LAUSD at ninth
grade for students who participated
in SNaX in seventh grade, allowing us
to compare each student’s seventhand ninth-grade BMI percentiles.

Covariates
Data on sociodemographic
characteristics (eg, child gender, age,
race/ethnicity, US-born status) were
obtained from baseline seventhgrade surveys. We extracted NSLP
eligibility for each participant from
the records of the LAUSD.

Statistical Analysis
In unadjusted models, ordinary linear
regressions were used to predict
ninth-grade BMI percentile from
seventh-grade BMI percentile and
school indicators, using an intentionto-treat, individual-level analysis
that compared each student’s BMI
percentile in seventh grade versus
his or her BMI percentile in ninth
grade. The test for the effect of
the intervention was constructed
with a linear contrast of the school
indicators, subtracting the control
school coefficients from the
intervention school coefficients.
A second covariate-adjusted
analysis added sociodemographic
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characteristics (child gender, age
in years, Latino race/ethnicity, and
US-born status), and NSLP eligibility.
Thus, for both the adjusted and
unadjusted models, we had an
estimate specific to each school for
the extent to which the ninth-grade
BMI percentile differed from what
would have been expected from
the seventh-grade BMI percentile.
These estimates were equivalent
to what one would obtain with
an intervention indicator but
with between-school variance
removed from the error term.
We also examined intervention
effects separately according to
BMI percentile subgroup (obese,
overweight, or healthy weight/
underweight), based on research
suggesting differential effects of
obesity prevention interventions
according to baseline weight status
or BMI.4,23 Within treatment arms,
means and SDs of BMI percentiles
were calculated at the individual
level, and tests for change were
performed with a paired t-test.
A multivariable logistic regression
determined that black race, older
age, and school were significantly
associated with baseline survey
nonresponse. A second multivariable
logistic regression among baseline
survey respondents determined
that Latino ethnicity and being
born in the United States were
associated with the presence of both
seventh- and ninth-grade BMI data.
Predicted probabilities from these
2 regressions were inverted and
multiplied to produce nonresponse/
attrition weights used for all
analyses. Missing data for covariates
were imputed by using weighted
school means. All predictors had
very few missing values (0 for
gender; <0.5% for Latino race/
ethnicity, US-born status, and NSLP
participation; 4.5% for English
spoken at home).
A set of sensitivity analyses was
additionally performed to determine
the robustness of the results.

Separate sensitivity analyses
were conducted that: (1) used
BMI z-score as the outcome; (2)
predicted change scores instead
of controlling for baseline and
predicting follow-up outcomes;
(3) used an overall intervention
(versus control) indicator, instead
of separate indicators for each
school; and (4) used an overall
intervention indicator and clustering
on school. In addition, based on our
school selection criteria (in which
we matched pairs of control and
intervention schools within the same
district area), 1 school served as a
control school in 2009 and then again
as an intervention school 1 year later
in 2010. Because seventh-graders
attending the school in 2009 (when
their data were used for the control
group) may have been exposed to
the school-wide elements of the
intervention as eighth-graders in
2010 (when the school received
SNaX), we conducted the main
analysis for all schools, and then in
a sensitivity analysis, without the
data from this school; of note, any
intervention effect on those eighthgraders should have reduced our
ability to detect an intervention
effect.

RESULTS
Participants
Across schools at baseline, 1.7% of
students in the analysis sample were
classified as underweight, 18.2% as
healthy weight, 50.1% as overweight,
and 30.0% as obese. A total of 50.9%
were female, 75.4% Latino, and
60.7% US-born; 88.9% were eligible
for the NSLP, indicating a primarily
low-income sample. The mean ± SD
age of the sample was 12.2 ± 0.68
years. Intervention and control
samples did not differ significantly at
baseline on age, gender, BMI, or NSLP
eligibility. However, children born in
the United States were less likely to
be in the intervention group (odds
ratio, 0.50; P < .001), and Latino
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TABLE 1 Multivariable Regression Analysis of Effects of SNaX on BMI Percentile on Ninth-Grade Fitnessgram Assessment
Unadjusted Means and Tests for Change Within Arma

Variable

Control
Seventh Grade
Overall; N = 1368c
Students obese at seventh grade;
n = 415c
Students overweight at seventh
grade; n = 275c
Students healthy weight/
underweight at seventh grade;
n = 678c

Intervention

Ninth Grade

Seventh Grade

Ninth Grade

Estimated Intervention Effectb
Unadjusted

Covariate-Adjusted

b ± SE, P

b ± SE, P

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD)

73.37 ± 27.89
97.67 ± 1.30

71.84 ± 27.00*
95.16 ± 5.52**

73.37 ± 26.90
97.92 ± 1.24

70.79 ± 26.71**
93.22 ± 10.85**

−1.15 ± 1.02
−2.59 ± 0.81***

−0.98 ± 1.01
−2.33 ± 0.83***

91.22 ± 2.74

84.26 ± 13.94**

90.60 ± 2.94

84.76 ± 11.38**

0.90 ± 1.50

1.05 ± 1.51

50.98 ± 24.12

52.19 ± 24.50

52.05 ± 22.53

52.05 ± 23.98

−1.99 ± 2.40

−1.43 ± 2.35

a Weighted means for all intervention and control students together, regardless of school. Inference tests based on weighted means and SEs of individual-level change in BMI percentile
from seventh to ninth grade.
b Within each row, weighted linear regression modeled ninth-grade BMI percentile on seventh-grade BMI percentile and indicators for school. Covariate-adjusted results additionally
controlled for student sociodemographic characteristics (child gender, age, Latino race/ethnicity, and US-born status) and NSLP eligibility. School-level means were imputed for missing
covariates (Latino, home language, US-born status, and NSLP eligibility; missing for <0.5% of the sample).
c Among the 1368 students in the analysis, 829 attended intervention schools, and 539 attended control schools. The 415 students who were obese at seventh grade included 244
intervention and 171 control students, whereas the remaining 953 students included 585 intervention and 358 control students. Obesity at seventh grade was deﬁned as being at or above
the 95th percentile based on age (in months) and gender; overweight was deﬁned as being between the 85th and 95th percentiles.
* P < .05
** P < .001
*** P < .01

participants were more likely to be
in the intervention group (odds ratio,
1.40; P = .01).

Change in BMI Percentile
As indicated by the multivariable
regression analyses (Table 1), obese
and overweight students in the
intervention and control groups, as
well as students overall, exhibited
significant decreases in BMI
percentile over time. SNaX did not
show a significantly different effect
on BMI percentile for intervention
versus control students overall
(unadjusted b, –1.15 [SE, 1.02;
P = .26]; adjusted b, –0.98 [SE, 1.01;
P = .33]), for students who were
of healthy weight or who were
underweight (unadjusted b, –1.99
[SE, 2.40; P = .41]; adjusted b, –1.43
[SE, 2.35; P = .54]), or for students
who were overweight but not obese
(unadjusted b, 0.90 [SE, 1.50;
P = .55]; adjusted b, 1.05 [SE, 1.51;
P = .49]). However, SNaX did show a
significantly different effect on BMI
percentile for obese intervention
students versus obese control
students, such that the change in
BMI percentile from seventh to
ninth grade was more negative for

students in intervention schools than
in control schools (unadjusted b,
–2.59 [SE, 0.81; P = .002]; adjusted b,
–2.33 [SE, 0.83; P = .005]). In all of
the sensitivity analyses (ie, predicting
BMI z-score, predicting change
scores, using an overall intervention
indicator, using both an overall
intervention indicator and clustering
on school), we found similar effects
for obese students in terms of
significance and magnitude.
To illustrate the magnitude of the
adjusted 2.33 percentile intervention
effect on obese seventh-graders
into pounds, intervention effects
were calculated for a hypothetical
obese boy and a hypothetical obese
girl at the baseline (seventh grade)
mean height and age for obese
students (5 feet 3 inches and 12.1
years for boys; 5 foot 1 inch and
12.1 years for girls). Although the
translation of the intervention effect
(in BMI percentiles) into pounds
varies according to a student’s age,
gender, and height, the effect of the
intervention was equivalent to an
average student who had been obese
in seventh grade weighing ∼9 pounds
(4.1 kg) less in ninth grade than he
or she would have in the absence of

an intervention (ie, 9.0 pounds or 4.1
kg for boys and 9.5 pounds or 4.3 kg
for girls at the mean age and height
for the sample at baseline). (The
Supplemental Appendix presents a
more comprehensive description of
these calculations.)
The significance and magnitude of
the intervention effect for the overall
study sample, as well as the student
BMI percentile subgroups, were
similar in the sensitivity analysis
omitting the control school that
received the intervention 1 year later.
In this analysis, the point estimates
for the significant effect among
obese seventh-graders were slightly
stronger than what was observed
in the overall analysis (b [SE], –2.47
[0.87]; P = .005).

DISCUSSION
We present here one of the few
school-based RCTs to demonstrate
long-term effects on BMI percentile.
BMI percentile effects were
observed for obese students, who
comprised nearly one-third of
participants in seventh grade. The
effect is striking when considered
in tandem with research suggesting
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that obesity status is generally
stable from elementary school to
high school. One study found that
65% of obese fifth-graders remained
obese in 10th grade, and 83% of
adolescents who were obese in
high school were also obese in fifth
grade.24

it is unknown why obese students
in particular were affected by the
intervention, such students may
have had greater motivation to make
behavioral changes, especially after
being exposed to SNaX messages
about the health consequences of
obesity.

Although we did not assess long-term
mechanisms of the BMI percentile
effect, we surmise that SNaX may
have triggered changes in physical
activity and diet that were sustained
from middle school to high school,
leading to reductions in BMI.
Although SNaX was planned as a
5-week intervention, the main goal of
SNaX was to teach adolescents skills
that could generalize across contexts
(school, home) and that could be
sustained. For example, students
were given pedometers and provided
with instructions about different
kinds of exercises that could be done
safely at home (eg, dancing; jumpingjacks in front of the television) and
at school. Students and parents were
given concrete suggestions about
new foods to try or keep at home, and
told about the risks of sugary drinks
and the value of healthy eating.
SNaX-related efforts to increase
awareness and interest in changes to
the cafeteria food could have led to
increased awareness about different
kinds of fruits and vegetables,
the value of drinking water, and
the nutritional content of various
cafeteria foods; this awareness
could have transferred to different
contexts over the long term. Although

A study limitation was the use
of district records for height and
weight outcomes 2 years’ postintervention, rather than follow-up
assessments conducted by trained
members of the study team. Thus,
assessments could have differed
according to school, equipment
used, and training of the teacher
collecting the data, introducing
measurement error, although such
errors would not be expected to bias
change scores or the estimate of the
intervention effect. Furthermore,
because the study was conducted in
a single district, generalizability to
other districts should be considered
with caution. In addition, we did
not conduct a multilevel analysis
that accounted for clustering within
each of the 10 schools, because
statistical research suggests that
multilevel corrections are not well
estimated and may be inaccurate
with <30 higher-level units.25 In
addition, SNaX was tested as a
5-week intervention. However, the
long-term effects on BMI percentile
presented here suggest that SNaX
could have even greater impact
if it were extended throughout
the school year, as it likely would
be if conducted in practice, to

fit with existing school club and
extracurricular activities.

CONCLUSIONS
SNaX, a school-based intervention
to promote healthy eating and
encourage physical activity, showed
substantial effects on BMI among
obese students 2 years’ postintervention. Our findings suggest
that brief school-based interventions
can impart skills for behavior change
that have long-term consequences.
Results are consistent with previous
research suggesting the effectiveness
of combination school-based
interventions which address both
healthy eating and physical activity
and that enact environmental
changes to support newly learned
health behaviors.7
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