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Abstract

Introduction

Few dissemination evaluations exist to document the effectiveness of evidence-based

childhood obesity interventions outside the research setting.

Objective

Evaluate Healthy Choices (HC), a multi-component obesity prevention program, by examin-

ing school-level changes in weight-related behaviors and weight status and the association

of implementation components with odds of overweight/obesity.

Methods

We compared baseline and Year 3 school-level behavioral and weight status outcomes

with paired t-tests adjusted for schools’ socio-demographic characteristics. We used gener-

alized estimating equations to examine the odds of overweight/obesity associated with pro-

gram components.
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Setting/Participants

Consecutive sample of 45 of 51 middle schools participating in the HC program with com-

plete baseline and follow-up survey data including a subsample of 35 schools with mea-

sured anthropomentry for 5,665 7th grade students.

Intervention

Schools developed a multi-disciplinary team and implemented an obesity prevention curric-

ulum, before and after school activities, environmental and policy changes and health pro-

motions targeting a 5-2-1 theme: eat� 5 servings/day of fruits and vegetables (FV), watch

� 2 hours of television (TV) and participate in� 1 hours/day of physical activity (PA) on

most days

Main OutcomeMeasures

1) School-level percent of students achieving targeted behaviors and percent overweight/

obese; and 2) individual odds of overweight/obesity.

Results

The percent achieving behavioral goals over three years increased significantly for FV: 16.4

to 19.4 (p = 0.001), TV: 53.4 to 58.2 (p = 0.003) and PA: 37.1 to 39.9 (p = 0.02), adjusting for

school size, baseline mean age and percent female, non-Hispanic White, and eligible for

free and reduced price lunch. In 35 schools with anthropometry, the percent of overweight/

obese 7th grade students decreased from 42.1 to 38.4 (p = 0.016). Having a team that met

the HC definition was associated with lower odds of overweight/obesity (OR = 0.83, CI:

0.71–0.98).

Conclusions and Relevance

The HCmulti-component intervention demonstrated three-year improvements in weight-

related behaviors and weight status across diverse middle schools. Team building appears

important to the program’s effectiveness.

Introduction
Persistent trends in pediatric obesity underscore the need to identify evidence-based strategies
to reach large numbers of children and adolescents.[1] Public health agencies and expert panels
have advocated multi-component, school-based programs [2–4] that can address the complex
influences on weight-related behaviors using a systems-level approach to primary prevention
of obesity. [5–11]

Evidence for the efficacy of multi-component, school-based obesity prevention programs
largely relies on findings from randomized controlled trials (RCT).[10, 12, 13] While the RCT
remains the gold standard to ensure internal validity, modest sample sizes and homogenous
study populations may limit generalizability of findings.[14, 15] The staffing and resources
required for implementation also may be difficult to sustain after the trial period, potentially
diluting the effect size. Involving school personnel in the implementation of programs may
lead to improved sustainability; however, qualitative research has demonstrated the need for
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supports such as faciliators and defined teams for school personnel-led implementation strate-
gies.[16–18]Public health efforts to mount child obesity prevention programs require addi-
tional, practice-based evidence to establish external validity and ensure contextual relevance
once implemented in real-world settings.[19] Nevertheless, few studies have employed evalua-
tion designs that can inform the institutionalization of health promotion interventions.[20, 21]

This study built on a prior RCT showing a reduced odds of obesity among girls in public
middle schools implementing Planet Health, an interdisciplinary curriculum promoting
healthy dietary and physical activity behaviors.[22] We used a time-series design to examine
whether Healthy Choices (HC), a widely disseminated systems-level, obesity prevention pro-
gram including Planet Health and other intervention components, improved school-level
weight-related behaviors and weight status over three years. A secondary objective used a pro-
cess implementation evaluation to identify HC program components (i.e., Planet Health cur-
riculum, before and after school programs, environmental and policy assessments and
changes, school-wide promotions, and the development of a team) associated with odds of
overweight and obesity at follow-up.

Methods

Setting and Subjects
Massachusetts Healthy Choices (HC) was a school-based, multi-component intervention
aimed at improving students’ dietary and physical activity behaviors and weight status, imple-
mented in 128 middle schools from 2004–2009 by the Massachusetts Department of Public
Health (MDPH) in collaboration with Blue Cross Blue Shield of Massachusetts (BCBSMA).
Sixty-nine schools initiated their participation in academic year 2004–2005, 51 schools in
2005–2006 and eight in 2006–7. Program components were: 1) Planet Health interdisciplinary
curriculum, [22, 23] 2) before- and after-school activities, 3) environmental and policy assess-
ment and changes, 4) school-wide health promotion campaign, and 5) development of a multi-
disciplinary implementation team, including a school HC coordinator. All intervention activi-
ties promoted a 5-2-1 theme targeting three behavioral goals:

5: Consume 5-9 servings of fruits and vegetables per day

2: Limit screen time to no more than 2 hours per day

1: Participate in at least 1 hour of physical activity on most days

Four regional coordinators at MDPH provided on-going technical assistance by telephone
and in-person visits to schools’HC coordinators and HC teammembers throughout the school
year and at annual networking conferences for staff from all participating schools. Each school
received funding for three years of implementation ($5,000, Year 1; $3,000 Year 2; $1,000 Year 3).

The selection of HC components was based on evidence from a range of evaluation designs.
Planet Health, an interdisciplinary middle school curriculum, targeted four key behavioral

changes consistent with the 5-2-1 goals [22, 23]: reducing television viewing, increasing moder-
ate to vigorous physical activity, decreasing consumption of foods high in fat and saturated fat,
and increasing consumption of fruits and vegetables.[23] The interdisciplinary curriculum
incorporated intervention messages into core school subjects such as language arts, math,
social sciences as well as into physical education (PE) classes. In a group-randomized RCT,
Planet Health, significantly reduced television viewing in girls and boys in intervention schools,
compared with students in control schools.[22] Among girls but not boys, participation in
Planet Health was associated with increased fruit and vegetable intake, a lower change in
energy consumption and halved the odds of obesity among girls over two years.[22] Reduced
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television viewing time mediated the effect of Planet Health on obesity among girls. The Planet
Health curriculum was adapted for Healthy Choices by lowering the requirements from four to
two lessons within each of the four subject areas. This change was well accepted in a commu-
nity-based participatory research study of diffusion of Planet Health in Massachusetts public
schools.[24]

The before or after school program components of Healthy Choices were derived from the
Healthy Choices Before and After School (HCBAS) program, a Massachusetts middle-school
program designed to promote nutrition and physical activity initiatives in the before- and
after-school setting. It was implemented in nine Massachusetts middle schools and was found
to improve girls’ nutrition knowledge and stabilize girls’mean BMI from baseline to follow-up
compared with an increase in BMI in the comparison group.[25]

Schools’ policy and environmental assessment and changes were guided by the School
Health and Safety Policy and Environments’module of the Centers for Disease Control and
Prevention (CDC) School Health Index.[26] The development of a HC team with a key leader
and supporting activities were informed by a qualitative rapid assessment study we conducted
in 2004–2005.[17] Schools were given flexibility to choose specific activities to to satisfy the
requirements for implementing the HC intervention.[18] Specifically, each school was required
to do two of four Planet Health modules per subject, choose one before or after school activity,
choose one policy or environmental change, and one school-wide promotion per year. Each
school was also encouraged to develop a multi-discipline implementation team.

Of the 51 schools initiating HC in 2005–6, 47 volunteered to participate in a prospective
evaluation. The demographic characteristics of the participating schools were similar to those
of all MA middle schools. Healthy Choices participating schools had 27.6% of students eligible
for free and reduced lunch, 70.3% self-identified as non-Hispanic white v. 25.2% and 66.9% in
the broader population of MA middle schools. We employed a time-series design consistent
with school-based surveillance protocols widely used in the United States. A complete census
of 6th, 7th, and 8th grade students in participating schools completed anonymous, self-adminis-
tered surveys in classrooms at baseline in Fall 2005 and at follow-up in Spring 2008. Heights
and weights of students in 7th grade were measured by school nurses in 35schools that volun-
teered to collect and report anthropometry using standard protocols.[27, 28] The demographic
characteristics of the 35 schools who provided measured anthropometric data were also similar
to those that did not. Schools providing measured heights and weights were 49.7% female,
69.9% white, with 28.9% eligible for free and reduced lunch and a mean age of 12.8 years;
schools that did not provide anthropometry were 48.3% female, 71.6% white with 22.9% eligi-
ble for free and reduced lunch and with mean age 12.6 years.

Schools’HC coordinators completed annual progress reports of types and intensity of activ-
ities implemented during the academic year. One school dropped out of the evaluation in Year
1 and one dropped out in Year 2. The analytic sample for three-year changes in self-reported 5-
2-1 behavioral outcomes comprised data on 6th, 7th, and 8th grade students, aggregated at the
school level in the 45 schools. In 35 of 42 schools that provided heights and weights measured
in the same season survey data were collected at baseline and follow-up, 5,665 students in 7th

grade were the sample for calculating three-year changes in percent overweight and obese and
estimating the impact of intervention components on weight status.

Ethics statement. Study protocols were approved by the institutional review boards of
MDPH, the Harvard T. H. Chan School of Public Health and Boston Children’s Hospital. Each
of the 47 participating schools invited students to participate. Passive consent was obtained
from parents and assent from the student participants. This consent procedure was approved
by the institutional review boards of both Boston Children’s Hospital and the Harvard T. H.
Chan School of Public Health.
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Main Outcomes
Behavioral outcomes. Awareness of the 5-2-1 message was queried with a single item:

“Have you heard of the phrase ‘5-2-1’ which is part of the Healthy Choices program (yes/no)?”
Measures of behavioral outcomes were adapted from Youth Risk Behavior Survey (YRBS) mea-
sures [29] and evaluations of Planet Health.[22] Daily fruit and vegetable (FV) intakes were
estimated with three items asking times in past seven days the student drank or ate 100% fruit
juices, fruit and vegetables (not counting potatoes). Daily hours of television viewing (TV)
were calculated from two questions asking: “On an average school (or weekend) day, how
many hours do you watch TV or videos?” Two additional items assessed hours spent playing
electronic games and using the Internet for fun, on school and weekend days. Daily hours were
calculated for TV viewing and total screen time. Physical activity (PA) was estimated from a
single item asking the student the number of days in the past seven days s/he was “physically
active for at least 60 minutes per day”. Categorical measures were created for each 5-2-1 behav-
ioral target.

Weight status. Biologically implausible values for measured weights and heights were
removed using CDC criteria [28]. BMI was calculated as weight (kg)/ height (m)2. Overweight
was classified as BMI greater than the 85th percentile and less than or equal to the 95th percen-
tile and obesity as>95th percentile of sex- and age-specific reference growth curves.[30]

School socio-demographic characteristics. Students reported grade, age in months and
race/ethnicity in Fall 2005. School size was reported from mid-year administrative records by
principals and percent of students in schools eligible for free and reduced price school lunch in
2005–2006 was obtained from the National Center for Educational Statistics.[31]

HC implementation dose. We used information from the schools’ Progress Reports com-
pleted in the Spring 2007, reflecting extent of implementation through Year 2, to estimate dose
of HC program components delivered prior to Year 3 follow-up. We used the counts of indi-
vidual Planet Health variables (lessons taught, micro-units taught, teachers teaching Planet
Health, student lesson-exposures (for example, 100 students taught two lessons = 200 student
lesson-exposures), school-wide promotions, before- and after-school activities and environ-
mental and policy changes addressing the 5-2-1 theme. We documented the number of outside
partners in Year 2 and summed expenditures of HC funds provided to the schools across Years
1–3. A school was classified as meeting the definition of a team if the school’s HC coordinator
responded yes to each of four questions: 1) Does your school’s HC team have a shared vision
regarding your school’s HC program? 2) As a group, did your school’s HC team develop short-
term goals related to your school’s HC program? 3) As a group, did your school’s HC team
develop any long-term goals related to your school’s HC program? 4) Does your school’s HC
team meet as a group?

Statistical Analysis
Because the school was the unit of intervention, we estimated change in outcomes from Fall
2005 to Spring 2008 at the school level. We computed means and frequencies of behavioral
outcomes within each school, then the mean, standard deviation (SD) and range of the school-
level means across 45 schools. We computed percent overweight and obese based on anthro-
pometry of 7th grade students in 35 schools. The student’s paired t-test was used to test for the
significance of differences from baseline to follow-up, adjusted for school size and baseline per-
cent female, white, and eligible for free and reduced price lunch and mean age.

To examine the relationship of dose variables with overweight and obesity, we used General-
ized Estimating Equations in order to maximize statistical power, using procedures described
elsewhere [30].[32] We evaluated multicollinearity among HC dose variables and omitted the
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number of Planet Health lessons taught given its high correlation with the number of teachers
teaching Planet Health lessons. We estimated the odds of overweight or obesity (BMI� 85%
tile) and of obesity (BMI>95%tile) associated with the Year 2 counts of each HC dose vari-
ables, adjusted for baseline weight status, school characteristics and total expenditure of HC
funds. We estimated odds of overweight and obesity in multivariable models using stepwise
backward elimination procedures to develop a parsimonious model, retaining HC implementa-
tion variables significant at p� 0.10.

Results
The mean age of students was 12.8 years. As shown in Table 1, the sample was diverse racially/
ethnically. A mean of 27.6% of students were eligible for free and reduced-price lunch, but per-
centages ranged widely across schools, from 2.4 to 85.6%.

Across schools, the percentage of students who reported awareness of the 5-2-1 message
increased significantly from 14.5% to 41.5% (p< 0.001). The school-level means of 5-2-1
behaviors improved significantly over three years: FV consumption increased from 2.8 to 3.0
times daily (p = 0.0001), TV decreased from 2.2 to 2.1 hours daily (p = 0.008), and PA for� 60
minutes increased from 3.7 to 3.8 days per week (p = 0.02). Total daily screen time did not
change from baseline to follow-up (3.7 hours/day, SD 0.7). As shown in Table 2, the proportion
across schools meeting goals for each of 5-2-1 behaviors targeted by the HC program increased
significantly from baseline to follow-up. The mean percent of students achieving all three 5-2-1
behavioral goals increased from 5.6% to 7.0% (p = 0.0002). Among 35 schools with measured
anthropometry on 7th grade students, the mean percent overweight and obese decreased signif-
icantly from 42.1% to 38.4% (p = 0.016) and the percent obese fell from 22.4% to 20.0%
(p = 0.045). Schools’ individual changes in prevalence of overweight and obesity are shown in

Table 1. Baseline Socio-demographic Characteristics of Schools Participating in Massachusetts
Healthy Choices (n = 45).

Mean % Across
Schools (SD)

Range

Sex

Female 50.6 (4.4) [34.4–60.3]

Male 49.4 (4.4) [39.7–65.6]

Grade

6th 32.2 (16.0) [0.0–100.0]

7th 34.7 (9.8) [0.0–58.1]

8th 32.5 (12.1) [0.0–55.1]

Race/ethnicity

Non-Hispanic White 70.3 (23.1) [4.3–95.4]

Asian 3.6 (4.6) [0.0–20.1]

Asian and non-Hispanic White 0.7 (0.8) [0.0–3.7]

Non-Hispanic Black 7.4 (12.7) [0.0–66.0]

Non-Hispanic Black and non-Hispanic White 0.8 (0.8) [0.0–2.9]

Hawaiian/ Pacific Islander 0.5 (0.6) [0.0–3.0]

American Indian/ Alaska Native 1.3 (1.1) [0.0–6.3]

Latino 8.5 (11.7) [0.0–67.0]

Missing Ethnicity 7.1 (5.3) [1.5–30.1]

Students eligible for free and reduced-price school lunch 27.6 (20.0) [2.4–85.6]

doi:10.1371/journal.pone.0134470.t001
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Fig 1. Although one school shown on the spaghetti plot demonstrated a large increase in the
percent obese from 6/22 (27%) to 10/22 (45%), this change was not statistically significant
(Fisher’s exact test, p = 0.35) due to the small number of middle school students at this site.

The mean dose of HC intervention components met or exceeded minimum program
requirements, but intensity ranged widely across schools, as shown in Table 3. On average,
schools implemented 1.75 health promotions of the 5-2-1 message, 2.0 before- and after-
school programs and 3.2 environmental and policy changes in Year 2. Sixty one percent of
schools met the definition for the HC team. Mean expenditure of HC funds provided to schools
was $6,145 (SD: $2,665). In a multivariable logistic regression model adjusting for baseline
weight status and school characteristics, meeting the team definition was associated with a 0.83
lower odds (95% confidence interval (CI): 0.71–0.98) and the number of before- and after-
school programs was associated with a 1.07 greater odds (95% CI: 1.01–1.12) of being over-
weight and obese.

Discussion
We evaluated a statewide, primary obesity prevention program comprising an interdisciplinary
curriculum previously tested in an RCT [22, 23] and additional intervention components eval-
uated in non-experimental, participatory and qualitative research studies.[17, 24] We showed
improvements over three years in the percent of students achieving 5-2-1 behavioral goals and
reduced prevalence of overweight and obesity, adjusting for schools’ socio-demographic char-
acteristics. To provide insights into how the program improved weight status, we modeled the
contribution of HC components to variance in overweight and obesity. Overall, schools met or
exceeded implementation guidelines, but only having a well-defined HC team was associated
with decreased odds of overweight and obesity at follow-up.

School-level results of the HC evaluation were similar in magnitude to those found in the
RCT of Planet Health curriculum [19].[22] We found a 3.6% decline in the prevalence of

Table 2. Percent across Schools Achieving Behavioral Goalsa and Percent Overweight and Obese at Baseline and 3-Year Follow-upb.

Baseline (Fall 2005) Year 3 (Spring 2008) Change

Mean % (SD) [Range] Mean (SD) [Range] Adjusted Mean (SE) P value

Behavioral Goals

Fruits & vegetablesc

% Achieving 5+ times/day 16.4 (5.3) [9.5–32.3] 19.4 (6.0) [11.5–42.1] 2.96 (0.70) 0.0001

Television viewing

% Achieving � 2 TV hours/day 53.4 (12.1) [29.8–85.0] 58.2 (11.1) [40.9–93.8] 4.75 (1.19) 0.0003

Moderate-to-vigorous physical activity

% Achieving 60+ min daily or on most days 37.1 (6.5) [21.7–53.0] 39.9 (9.0) [21.2–62.2] 2.74 (1.17) 0.02

% Achieving 5-2-1 goal (combined) 5.6 (2.8) [1.9–12.7] 7.0 (3.2) [1.7–14.8] 1.42 (0.34) 0.0002

Weight Statusd

% Overweight and Obese 42.1 (8.0) [26.8–60.0] 38.4 (7.3) [25.0–54.6] -3.64 (1.43) 0.016

% Obese 22.4 (6.9) [13.4–42.0] 20.0 (6.5) [12.0–45.5] -2.4 (1.16) 0.045

a Percent of students in school achieving behavior, averaged across schools
b Student’s paired t-test of significant difference from baseline to follow-up, adjusted for school % free and reduced price school lunch, % white, % female

and mean age
c Including 100% fruit juice; fruits and vegetables
d n = 35 schools, 7th grade students only; overweight = BMI � 85th percentile and < 95th percentile; obese = BMI � 95th percentile of NCHS/CDC 2000

growth reference

doi:10.1371/journal.pone.0134470.t002
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overweight and obesity over three school years. Among girls in Planet Health intervention
schools participating in the RCT, prevalence of obesity defined as BMI and triceps skinfold
over the 85th percentile declined 3.3% conducted over two academic years and increased 2.2%
among girls in control schools. We showed a mean, school-level increase in FV consumption
of 0.2 times daily (p = 0.0001) over three years, smaller than an adjusted increase of 0.32 serv-
ings daily reported among girls in Planet Health schools. The decrease of -0.1 hours spent
watching TV daily reported in HC was less than decreases found in the Planet Health RCT
(girls: -0.6 hours; boys: -0.4 hours), but could be due to secular changes in TV viewing relative
to computer use. The PA findings were difficult to compare because the RCT and HC evalua-
tion had different units of measurement.

Table 3. Distribution of Intervention Components implemented in Year 2 in Massachusetts Middle
Schools Participating in the Healthy Choices Program (N = 35).

Intervention Components Mean (SD) Range

Number Planet Health Lessons taught 29.43 0–91

Number student lesson-exposures to Planet Health 960.93(1249) 0–6,059

Number Planet Health PE micro-units taught 5.98 (6.78) 0–22

Number teachers teaching Planet Health lessons 7.12 (5.95) 0–23

Number of partners outside school involved in HC activities 0.11 (0.45) 0–3

Number of school-wide promotions on 5, 2, 1 1.75(1.55) 0–5

Number of before- and after-school programs 2.02(1.68) 0–7

Number of environment and policy changes 3.21(1.81) 0–9

doi:10.1371/journal.pone.0134470.t003

Fig 1. Change in school-level percent overweight and obese and percent obese from baseline to follow-up, Massachusetts Healthy Choices
(n = 35).

doi:10.1371/journal.pone.0134470.g001
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Prior research consistently has identified strong leadership as a key factor in institutionali-
zation of school-based interventions.[33, 34] Results reported here and our baseline rapid
assessment qualitative study also highlighted the importance of a team and providing opportu-
nities for professional development and networking [17], as shown in other multi-component
interventions targeting weight-related behaviors in schools.[35, 36] Chicago Public Schools fos-
tered systems change in their Cool Foods initiative by using a task force to build networks to
address resistance to change, different stakeholder priorities, lack of resources and institutional
bureaucracy.[37] Regional HC coordinators also may have provided essential support for
schools’HC coordinators and teams and helped them bridge links among staff and external
partners, consistent with pilot studies of the USDA’s Team Nutrition initiative [38] and quali-
tative studies of influences on adoption of changes in nutrition policies and environments in
schools.[16, 39]

The HC before- and after-school program component was associated with a 7% increase in
the odds of overweight and obesity. Our findings add to the still fairly limited information on
before and after school programs. After-school programs have been more successful in increas-
ing physical activity than in changing weight-related outcomes, with some exceptions.[40–43]
HC schools designed their own before- and after-school programs that varied in the type of
activities, intensity and reach, as shown in prior after-school obesity prevention efforts.[10]
The cost of providing healthy snacks or other barriers also could have influenced adoption of
before- and after-school activities addressing both diet and physical activity [43].[44]

We found no statistically significant associations with overweight and obesity for most HC
program components, a finding that could be related to implementation dose, adequacy of
resources and technical assistance or some other reason. HC schools were allowed flexibility to
adopt different combinations of components as long as they adopted a minimum number
within each component. The HC program guideline for minimum number of Planet Health
lessons was half that tested in the Planet Health RCT, following schools’ preferences identified
in a feasibility study of curriculum adoption.[24] Notably, HC schools on average taught 29 of
32 Planet Health lessons and 6 of 15 micro-units across 6th, 7th and 8th grades in Year 2, com-
parable with levels implemented annually across two grade levels in the RCT. The HC program
captures several aspects of effective nutrition education and promotion outlined in USDA
Team Nutrition initiative [45] including coherent, specific behavior-change messages across
multiple components, ensuring intensity and duration of dose and providing professional net-
working for staff.

Findings of this study should be interpreted in light of several limitations. First, the evalua-
tion relies on anonymous panel data, preventing examination of changes in individual stu-
dents’ behaviors and weight status over the three-year intervention period. This study design
is, however appropriate to Stage 5 dissemination research [20] and adapts methods for nutri-
tion and obesity surveillance in schools that in combination with other evaluations [17, 22, 24,
26] can go beyond the RCT to satisfy needs for evidence to support for public health decision
making.[19] Second, the absence of a control group makes it impossible to attribute the
changes in 5-2-1 behaviors and weight status to the HC program. However, this systems-level
intervention took place during a time when U.S. obesity rates were continuing to climb and
just prior to national campaigns such as Let’s Move raised awareness of children’s weight-
related behaviors.[46]. However, this program was implemented shortly after Congress passed
the Child Nutrition and WIC Reauthorization Act of 2004 that mandated schools implement
wellness policies beginning in 2006–2007. While many schools adopted Healthy Choices to
meet this requirement, it is possible that some schools adopted other programs that could have
contributed to our results. We were unable to evaluate cost-effectiveness of the HC program,
important evidence for selecting which obesity prevention programs to implement more
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widely.[20, 21] An economic analysis based on the Planet Health RCT showed cost-effective-
ness and cost-savings of providing schools with an annual stipend of $500 (1996 dollars) and
reimbursing teachers for participating in training and wellness sessions.[26] On average, HC
schools spent $6,145 of a $9,000 total stipend ($5,000 in Year 1; $3,000 in Year 2; and $1,000 in
Year 3), but costs for technical assistance from HC regional coordinators and annual network-
ing conferences were not estimated at the school level. Results of this study may only be gener-
alizable to study populations coming from regions and schools with similar socio-demographic
characteristics.

Conclusions
We demonstrated improvements in nutrition and physical activity behaviors and weight status
over three academic years in 45 middle schools implementing the HC program and found that
a multidisciplinary HC team was central to schools’ efforts to reduce prevalence of overweight
and obesity. Our findings are similar in magnitude to those reported in an earlier RCT of
Planet Health, suggesting evidence-based interventions can be successfully adapted to real
world settings when informed by a range of evaluation designs that ensure their relevance in
different organizational contexts [16].[19]

Acknowledgments
The authors thank Vanessa Cavallero, Sean Hunt, Vivian Morris, Lauren Nichols, Christina
Nordstrom, Sara Schlotterbeck, Emily Shoemaker and Sylvia Stevens-Edouard for contribu-
tions to the Healthy Choices evaluation and the school staff and students who participated in
the study.

Author Contributions
Conceived and designed the experiments: KEP JS MG ATH HF SO TKR SBA CHMB EAB
SM. Performed the experiments: KEP JS MG CHMB EAB SM. Analyzed the data: HF ATH
SO KEP TKR SBA JS MG. Wrote the paper: KEP JS MG ATH HF SO TKR SBA CHMB EAB
SM.

References
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and trends in body mass index among

US children and adolescents, 1999–2010. JAMA. 2012; 307(5): 483–90. doi: 10.1001/jama.2012.40
PMID: 22253364

2. American Dietetic Association (ADA). Position of the American Dietetic Association: Individual-, family-,
school-, and community-based interventions for pediatric overweight. J Am Diet Assoc. 2006; 106(6):
925–45. PMID: 16812927

3. Institute of Medicine. Accelerating progress in obesity prevention: solving the weight of the nation.
Washington, DC: The National Academies Press; 2012.

4. Brown T, Summerbell C. Systematic review of school-based interventions that focus on changing die-
tary intake and physical activity levels to prevent childhood obesity: an update to the obesity guidance
produced by the National Institute for Health and Clinical Excellence. Obes Rev. 2009; 10(1): 110–41.
doi: 10.1111/j.1467-789X.2008.00515.x PMID: 18673306

5. McLeroy KR, Bubeau D, Steckler A, Glanz K. An ecological perspective on health promotion programs.
Health Educ Q. 1988; 15(4): 351–77. PMID: 3068205

6. Swinburn B, Egger G, Raza F. Dissecting obesogenic environments: the development and application
of a framework for identifying and prioritizing environmental interventions for obesity. Prev Med. 1999;
29(6 Pt 1): 563–70. PMID: 10600438

7. Egger G, Swinburn B. An "ecological" approach to the obesity pandemic. BMJ. 1997; 315(7106): 477–
80. PMID: 9284671

Healthy Choices and Improvement in Middle Schoolers' Weight Status

PLOS ONE | DOI:10.1371/journal.pone.0134470 August 21, 2015 10 / 12

http://dx.doi.org/10.1001/jama.2012.40
http://www.ncbi.nlm.nih.gov/pubmed/22253364
http://www.ncbi.nlm.nih.gov/pubmed/16812927
http://dx.doi.org/10.1111/j.1467-789X.2008.00515.x
http://www.ncbi.nlm.nih.gov/pubmed/18673306
http://www.ncbi.nlm.nih.gov/pubmed/3068205
http://www.ncbi.nlm.nih.gov/pubmed/10600438
http://www.ncbi.nlm.nih.gov/pubmed/9284671


8. World Health Organization (WHO). Obesity: preventing and managing the global epidemic. World
Health Organ Tech Rep Ser. 2000: 894: i–xii, 1–253. PMID: 11234459

9. Story M, Kaphingst K, French S. The role of schools in obesity prevention. The Future of Children,
2006; 16(1): 109–142. PMID: 16532661

10. Hoelscher DM, Kirk S, Ritchie L, Cunningham-Sabo L, Academy Positions Committee. Position of the
Academy of Nutrition and Dietetics: interventions for the prevention and treatment of pediatric over-
weight and obesity. J Acad Nutr Diet. 2013; 113(10): 1375–94. doi: 10.1016/j.jand.2013.08.004 PMID:
24054714

11. Katz DL, O'Connell M, Yeh MC, Nawaz H, Njike V, Anderson LM, et al. Public health strategies for pre-
venting and controlling overweight and obesity in school and worksite settings: a report on recommen-
dations of the Task Force on Community Preventive Services. MMWRRecommRep. 2005; 54(RR-
10): 1–12. PMID: 16261131

12. Peterson KE, Fox MK. Addressing the epidemic of childhood obesity through school-based interven-
tions: what has been done and where do we go from here? J LawMed Ethics. 2007; 35(1): 113–30.
PMID: 17341220

13. Kropski JA, Keckley PH, Jensen GL. School-based obesity prevention programs: an evidence-based
review. Obesity (Silver Spring). 2008; 16(5): 1009–18.

14. Victoria GC, Habicht JP, Bryce J. Evidence-based public health: moving beyond randomized trials. Am
J Public Health. 2004; 94(3): 400–5. PMID: 14998803

15. Budd GM, Volpe SL. School-based obesity prevention: Research, challenges, and recommendations.
J Sch Health. 2006; 76(10): 485–95. PMID: 17096821

16. Austin SB, Fung T, Cohen-Bearak A, Wardle K, Cheung LW. Facilitating change in school health: a
qualitative study of schools' experiences using the School Health Index. Prev Chronic Dis. 2006; 3(2):
A35. PMID: 16539776

17. Greaney M, Hardwick CK, Mezgebu S, Lindsay AC, Roover ML, Peterson KE. Assessing the feasability
of a multi-program school-based intervention to promote physical activity and healthful eating in middle
schools prior to wide-scale implementation. Am J Health Educ. 2007; 38(5): 250–257.

18. Malepati S, Pirani H, Surie D, Dietz D, Lee J, Chockley N, et al. Childhood Obesity: Harnessing the
Power of the Public and Private Partnerships. 2007. Available: http://www.nihcm.org/pdf/FINAL_
report_CDC_CO.pdf. Accessed June 30, 2015.

19. Swinburn B, Gill T, Kumanyika S. Obesity prevention: a proposed framework for translating evidence
into action. Obes Rev. 2005; 6(1): 23–33. PMID: 15655036

20. Sallis JF, Owen N, FotheringhamMJ. Behavioral epidemiology: a systematic framework to classify
phases of research on health promotion and disease prevention. Ann Behav Med. 2000; 22(4): 294–8.
PMID: 11253440

21. Leeman J, Sommer J, Leung MM, Ammerman A. Disseminating evidence from research and practice:
a model for selecting evidence to guide obesity prevention. J Public Health Manag Pract. 2011; 17(2):
133–40. doi: 10.1097/PHH.0b013e3181e39eaa PMID: 21297408

22. Gortmaker SL, Peterson KE, Wiecha JL, Sobol AM, Dixit S, Fox MK, Laird N. Reducing obesity via a
school-based interdisciplinary intervention among youth: Planet Health. Arch Pediatr Adolesc Med.
1999; 153(4): 409–18. PMID: 10201726

23. Carter J, Peterson KE. Planet Health: an Interdisciplinary Curriculum for Teaching Middle School Nutri-
tion and Physical Activity. Champlain, IL: Human Kinetics Publishers, 2007.

24. Wiecha JL, E Avadi AM, Fuemmeler BF, et al. Diffusion of an integrated health education program in an
urban school system: planet health. J Pediatr Psychol. 2004; 29(6): 467–74. PMID: 15277589

25. Massachusetts Department of Public Health. Evaluation of Healthy Choices: A School-based Nutrition
& Physical Activity Program. 2002. H75/CCH117492-01-1.

26. Centers for Disease Control and Prevention. School Health Index: a self-assessment and planning
guide. Middle school/high school version. Atlanta, GA: Centers for Disease Control and Prevention;
2012.

27. Nihiser AJ, Lee SM, Wechsler H, McKennaM, Odom E, Reinhold C, et al. BMI measurement in
schools. Pediatrics. 2009; 124 Suppl 1: S89–97. doi: 10.1542/peds.2008-3586L PMID: 19720672

28. U.S. Department of Health and Human Services, Health Research and Services Administration, Mater-
nal and Child Health Bureau. Growth charts training: accurate weighting and measuring. Rockville,
MD: U.S. Department of Helath and Human Services; 2006. Available at: depts.washington.edu/
growth. Accessed September 30, 2013.

29. Centers for Disease Control and Prevention (CDC). Youth Risk Behavior Surveillance System. Atlanta,
GA: Centers for Disease Control and Prevention; 2013. Available at: http://www.cdc.gov/healthyyouth/
yrbs/index.htm. Accessed on June 13, 2013.

Healthy Choices and Improvement in Middle Schoolers' Weight Status

PLOS ONE | DOI:10.1371/journal.pone.0134470 August 21, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/11234459
http://www.ncbi.nlm.nih.gov/pubmed/16532661
http://dx.doi.org/10.1016/j.jand.2013.08.004
http://www.ncbi.nlm.nih.gov/pubmed/24054714
http://www.ncbi.nlm.nih.gov/pubmed/16261131
http://www.ncbi.nlm.nih.gov/pubmed/17341220
http://www.ncbi.nlm.nih.gov/pubmed/14998803
http://www.ncbi.nlm.nih.gov/pubmed/17096821
http://www.ncbi.nlm.nih.gov/pubmed/16539776
http://www.nihcm.org/pdf/FINAL_report_CDC_CO.pdf
http://www.nihcm.org/pdf/FINAL_report_CDC_CO.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15655036
http://www.ncbi.nlm.nih.gov/pubmed/11253440
http://dx.doi.org/10.1097/PHH.0b013e3181e39eaa
http://www.ncbi.nlm.nih.gov/pubmed/21297408
http://www.ncbi.nlm.nih.gov/pubmed/10201726
http://www.ncbi.nlm.nih.gov/pubmed/15277589
http://dx.doi.org/10.1542/peds.2008-3586L
http://www.ncbi.nlm.nih.gov/pubmed/19720672
http://www.cdc.gov/healthyyouth/yrbs/index.htm
http://www.cdc.gov/healthyyouth/yrbs/index.htm


30. Centers for Disease Control and Prevention (CDC). A SAS program for the CDC growth charts. 2011.
Available at: http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm. Accessed Septem-
ber 30, 2013.

31. National Center for Education Statistics (NCES). Common core of data build a table. Available at: http://
nces.ed.gov/ccd/bat/. Accessed May 7, 2012.

32. Austin SB, Spadano-Gasbarro JL, Greaney ML, Blood EA, Hunt AT, Richmond TK, et al. Effect of the
planet health intervention on eating disorder symptoms in Massachusetts middle schools, 2005–2008.
Prev Chronic Dis. 2012; 9: E171; quiz E171. doi: 10.5888/pcd9.120111 PMID: 23194779

33. Dreisinger ML, Boland EM, Filler CD, Baker EA, Hessel AS, Brownson RC. Contextual factors influenc-
ing readiness for dissemination of obesity prevention programs and policies. Health Educ Res. 2012;
27(2): 292–306. doi: 10.1093/her/cyr063 PMID: 21893684

34. Simmons A, Mavoa HM, Bell AC, De Courten M, Schaaf D, Schultz J, et al. Creating community action
plans for obesity prevention using the ANGELO (Analysis Grid for Elements Linked to Obesity) Frame-
work. Health Promot Int. 2009; 24(4): 311–24. doi: 10.1093/heapro/dap029 PMID: 19759046

35. Luepker RV, Perry CL, McKinlay SM, Nader PR, Parcel GS, Stone ES, et al. Outcomes of a field trial to
improve children's dietary patterns and physical activity. The Child and Adolescent Trial for Cardiovas-
cular Health. CATCH collaborative group. JAMA. 1996; 275(10): 768–76. PMID: 8598593

36. Ward D, Saunders R, Felton G, Williams E, Epping J, Pate R. Implementation of a school environment
intervention to increase physical activity in high school girls. Health Educ Res. 2006; 21(6): 896–910.
PMID: 17099074

37. Suarez-Balcazar Y, Redmond L, Kouba J, Redmond L, Martinez L, Block D, et al. The making of an
interdisciplinary partnership: the case of the Chicago Food System Collaborative. Am J Community
Psychol. 2006; 38(1–2): 113–23. PMID: 16897424

38. Levine E, Olander C, Lefebvre C, Cusick P, Biesiadecki L, McGoldrick D. The Team Nutrition pilot
study: lessons learned from implementing a comprehensive school-based intervention. J Nutr Educ
Behav. 2002; 34(2): 109–16. PMID: 12047818

39. Pearlman DN, Dowling E, Bayuk C, Cullinen K, Thacher AK. From concept to practice: using the School
Health Index to create healthy school environments in Rhode Island elementary schools. Prev Chronic
Dis. 2005; 2 Spec no: A09.

40. Dzewaltowski D, Rosenkranz RR, Geller KS, Coleman KJ, Welk GJ, Hastmann TJ, et al. HOP'N after-
school project: an obesity prevention randomized controlled trial. Int J Behav Nutr Phys Act. 2010; 7:
90. doi: 10.1186/1479-5868-7-90 PMID: 21144055

41. Slusser WM, Sharif MZ, Erausquin JT, Kinsler JJ, Collin D, Prelip ML. Improving overweight among at-
risk minority youth: results of a pilot intervention in after-school programs. J Health Care Poor Under-
served. 2013; 24(2 Suppl): 12–24. doi: 10.1353/hpu.2013.0111 PMID: 23727961

42. Beets MW, Beighle A, Erwin HE, Huberty JL. After-school program impact on physical activity and fit-
ness: a meta-analysis. Am J Prev Med. 2009; 36(6): 527–37. doi: 10.1016/j.amepre.2009.01.033
PMID: 19362799

43. Story M, Sherwood NE, Himes JH, Davis M, Jacobs DR Jr., Cartwright Y, et al. An after-school obesity
prevention program for African-American girls: the Minnesota GEMS pilot study. Ethn Dis. 2003; 13(1
Suppl 1): S54–64. PMID: 12713211

44. Hastmann TJ, Bopp M, Fallon EA, Rosenkranz RR, Dzewaltowski DA. Factors influencing the imple-
mentation of organized physical activity and fruit and vegetable snacks in the HOP'N after-school obe-
sity prevention program. J Nutr Educ Behav. 2013; 45(1): 60–8. doi: 10.1016/j.jneb.2012.06.005
PMID: 23178043

45. Food and Nutrition Services, US Department of Agiriculture. Nutrition education and promotion: the role
of FNS in helping low-income families make healthier eating and lifestyle choices. Report to Congress.
Washington, DC: 2010.

46. Let's Move! America's Move to Raise a Healthier Generation of Kids. Available at: http://www.letsmove.
gov.Accessed September 30, 2013.

Healthy Choices and Improvement in Middle Schoolers' Weight Status

PLOS ONE | DOI:10.1371/journal.pone.0134470 August 21, 2015 12 / 12

http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm
http://nces.ed.gov/ccd/bat/
http://nces.ed.gov/ccd/bat/
http://dx.doi.org/10.5888/pcd9.120111
http://www.ncbi.nlm.nih.gov/pubmed/23194779
http://dx.doi.org/10.1093/her/cyr063
http://www.ncbi.nlm.nih.gov/pubmed/21893684
http://dx.doi.org/10.1093/heapro/dap029
http://www.ncbi.nlm.nih.gov/pubmed/19759046
http://www.ncbi.nlm.nih.gov/pubmed/8598593
http://www.ncbi.nlm.nih.gov/pubmed/17099074
http://www.ncbi.nlm.nih.gov/pubmed/16897424
http://www.ncbi.nlm.nih.gov/pubmed/12047818
http://dx.doi.org/10.1186/1479-5868-7-90
http://www.ncbi.nlm.nih.gov/pubmed/21144055
http://dx.doi.org/10.1353/hpu.2013.0111
http://www.ncbi.nlm.nih.gov/pubmed/23727961
http://dx.doi.org/10.1016/j.amepre.2009.01.033
http://www.ncbi.nlm.nih.gov/pubmed/19362799
http://www.ncbi.nlm.nih.gov/pubmed/12713211
http://dx.doi.org/10.1016/j.jneb.2012.06.005
http://www.ncbi.nlm.nih.gov/pubmed/23178043
http://www.letsmove.gov.Accessed
http://www.letsmove.gov.Accessed

