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Abstract

Purpose—This study aimed to assess the effect of the HEALTHY intervention on the metabolic
syndrome (Met-S), fitness, and physical activity levels of US middle-school students.

Methods—Cluster randomized controlled trial conducted in 42 (21 intervention) US middle
schools. Participants were recruited at the start of sixth grade (2006) when baseline assessments
were made, with post-assessments made 2.5 yr later at the end of eighth grade (2009). The
HEALTHY intervention had four components: 1) improved school food environment, 2) physical
activity and eating educational sessions, 3) social marketing, and 4) revised physical education
curriculum. Met-S risk factors, 20-m shuttle run (fitness), and self-reported moderate to vigorous
physical activity (MVPA) were assessed at each time point. Ethnicity and gender were self-
reported. Obesity status (normal weight, overweight, or obese) was also assessed.

Results—At baseline, 5% of the participants were classified with Met-S, with two-thirds of the
males and one-third of the females recording below average baseline fitness levels. Control group
participants reported 96 min of MVPA at baseline with 103 min reported by the intervention
group. There were no statistically significant (P < 0.05) differences in Met-S, fitness, or MVPA
levels at the end of the study after adjustment for baseline values and confounders. There were no
differences in any ethnic, obesity, or ethnic x obesity subgroups for either gender.

Conclusions—The HEALTHY intervention had no effect on the Met-S, fitness, or physical
activity levels. Approaches that focus on how to change physical activity, fitness, and Met-S using
nonschool or perhaps in addition to school based components need to be developed.
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The metabolic syndrome (Met-S) has been defined as a clustering of risk factors for
cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) and includes glucose
intolerance, hypertension, dyslipidemia, and abdominal obesity (37). Cardiovascular fitness
(fitness) and physical activity are two variables that are strongly associated with Met-S,
CVD, and T2DM. Low aerobic fitness has been associated with increased prevalence of the
Met-S (6), whereas the maintenance of fitness has been associated with a reduced risk of
CVD mortality (1). Physical activity is associated with a reduction in the risk of CVD (31)
and T2DM among adults (11). Fitness and physical activity levels are therefore essential for
the prevention of Met-S, CVD, and T2DM.

Childhood is a key period in the development of fitness, physical activity behaviors, and
Met-S risk factors. Data from the National Health and Nutrition Examination survey
(NHANES) showed that Met-S prevalence among US adolescents increased from 9.2% in
1988-1994 to 12.7% in 1999-2000 (4). Our own data from 2003 showed that 9.5% of an
ethnically diverse sample of US eighth-grade youth (i.e., 13-14 yr olds) were classified with
Met-S (30). NHANES data have shown that many children and adolescents do not meet
physical activity recommendations (33). NHANES data (1999-2002) also indicate that
approximately a third of US adolescents (12-19 yr) did not meet recommended fitness levels
(25). Both fitness and physical activity have been shown to moderately track from childhood
into adolescence and onto adulthood (20). Thus, there is urgent need to develop
interventions to prevent Met-S by increasing adolescent physical activity and fitness.

Higher body mass is associated with higher cholesterol, glucose, blood pressures, and waist
circumference among youth (13). Higher body mass has also been associated with lower
physical activity (24) and fitness levels (25) among youth. Met-S prevalence also differs by
ethnicity and gender among youth (13). Thus, when assessing the effect of any intervention
on Met-S prevalence, fitness, or activity, it is important to assess whether effects differ by
adiposity, gender, or ethnicity.

In this article, we report on the effect of the HEALTHY intervention, a multicomponent,
school-based, cluster randomized controlled trial on the physical activity, fitness, and Met-S
prevalence. The specific research question being addressed is whether participation in the 3-
yr HEALTHY intervention yielded higher fitness and physical activity levels or lower Met-
S prevalence in the intervention group when compared with the control group. We also
examined whether the effect of the intervention differed by baseline adiposity status, gender,
or ethnic group.

Details of the HEALTHY intervention have been presented in detail elsewhere (10). Briefly,
however, the HEALTHY intervention was a cluster randomized controlled trial conducted in
42 (21 intervention) middle schools across the United States. Data were collected at seven
field centers (Baylor College of Medicine, Houston, TX; Oregon Health & Science
University, Portland, OR; University of California at Irvine, Irvine, CA; Temple University,
Philadelphia, PA; University of North Carolina at Chapel Hill, Chapel Hill, NC; University
of Pittsburgh, Pittsburgh, PA; and University of Texas Health Science Center at San
Antonio, San Antonio, TX), with a coordinating center in Washington, DC (George
Washington University Biostatistics Center). Schools were required to have at least 50% of
students eligible for free or reduced-price lunch or belonging to an ethnic minority group, as
well as having annual student dropout rate from all causes <25%. Participants were recruited
at the start of sixth grade when baseline assessments were made, with post-assessments
made 2.5 yr later at the end of eighth grade. Participants in the intervention schools received
the HEALTHY multicomponent intervention. Control group activities were limited to
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recruitment and data collection only. Students were given a $50 incentive for participating in
the baseline data collection and $60 for the end of study data collection. This study was
approved by an institutional review board at each field center, and written informed parental
consent and child assent were obtained for all participants.

The overall focus of the intervention was on helping students to consume a healthier diet and
engage in increased physical activity. The intervention had four integrated components. The
first component was a change in the total school food environment, with the nutritional
quality of food and beverages provided during school breakfast and lunch periods improved.
The second component was a program of peer-led, teacher-facilitated learning activities
known as FLASH (Fun Learning Activities for Student Health). Five FLASH modules were
implemented over five semesters of the HEALTHY study. Each module contained sessions
that were designed to be delivered on a weekly basis to foster self-awareness, knowledge,
decision-making skills, and peer involvement for health behavior change. The third
component was a social marketing campaign that had a different theme for each semester of
the intervention. The five themes were water consumption, encouraging physical activity
instead of sedentary time, high-quality versus low-quality food, energy balance, and life
choices. Each theme was supported by branding, posters, and messaging that was
prominently displayed and reinforced across the school. The fourth element was a revised,
more active, physical education (PE) curriculum. The PE curriculum was designed to
facilitate higher student participation in the lessons and spend more time engaged in
moderate to vigorous physical activity (MVPA) during PE lessons. PE teachers were trained
in how to deliver the new program by an expert teacher. Schools also received around
$10,000 of equipment and a teacher assistant to facilitate small group activities that were
intended to increase activity time during the sessions. The primary outcome variables for the
study were body mass index (BMI), fasting insulin, and fasting glucose. The results for these
three outcomes have been reported elsewhere (32). This article reports the effect of the
intervention on Met-S prevalence, fitness, and physical activity.

Fitness was assessed by the 20-m shuttle test (20-MST) using standard procedures (18). As
we were interested in whether the intervention effect differed by baseline adiposity status
(normal weight vs obese), it was important to have a measure of fitness that was not
expressed in relation to body mass (i.e., liters of oxygen per kilogram of body mass).
Consequently, we used the directly recorded number of shuttle run laps completed in all
analyses. For descriptive purposes, participant fitness levels were also classified as below
average, average, or above average using the FITNESSGRAM, laps completed criteria (36).
The primary focus of this study was the prevention of obesity and reduction of the risk
factors for T2DM and associated cardiometabolic risk factors at the end of middle school,
i.e., eighth grade. Thus, because of the complexity of the study, the large study size and the
cost implications for all measurements, we focused our limited resources toward
assessments at the sixth and eighth grades only.

As piloting of the PE component had shown that the revised curriculum yielded classes in
which more than 50% of the lesson duration was spent engaged in MVVPA (14) and we were
interested in the effect of all elements of the intervention (revised PE classes, social
marketing campaign, and behavioral component) on physical activity, we opted for an
assessment of habitual physical activity rather on physical during PE classes. Because of the
cost issues discussed above, a self-reported physical activity instrument was selected.
Ideally, we would have used an objective assessment such as accelerometers on the entire
cohort, but this would have been prohibitively expensive. We considered using
accelerometers on a subsample of the participants but obtaining data that captured the
physical activity levels of boys and girls from different ethnic groups, with a range of

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jago et al.

Page 4

baseline activity and adiposity indicators from each school and each of the seven sites would
also have necessitated a large sample that was beyond the budget for this intervention. We
therefore used the 2-d version of the Self-Administered Physical Activity Checklist
(SAPAC) to estimate physical activity levels and mean minutes of MVVPA per day (28) at
baseline (sixth grade) and at the end of study (eighth grade). The SAPAC was chosen
because a study with 205 female and 116 male US adolescents, which compared the SAPAC
with the previous-day physical activity recall (21), showed that the test—retest reliabilities,
validity, and reliabilities of the two measures were comparable. The SAPAC, however,
allowed the respondents to record short bouts of activity whereas the previous-day physical
activity recall recorded activity in 30-min blocks. Because the comparison study also
reported that adolescents were unable to accurately recall activity for more than 2 d, we
opted to use the SAPAC as a 2-d physical activity recall.

To ensure that the SAPAC provided data on two weekdays, the instrument was completed
during school hours on any day between Wednesday and Friday. Responses for time of day
(before, during, or after school) were Winsorized (34) or transformed to replace extreme
values of the distribution with defined cutoff values. The Winsorization cutoff values for
each period were determined based on the distribution of the data at baseline and set at or
near the 95th percentile for activities of at least 4 METSs, thus removing time for low-level
activities. The maximum values were 90 min before school, 120 min during school, and 240
min after school or a total of 450 min-d™1. MVPA was determined based on activities of at
least 4.6 METS (9).

Participants were called the night before data collection to remind them not to consume
anything but water after midnight. Experienced pediatric phlebotomists obtained fasting
blood samples. Serum samples were shipped to the central blood laboratory at the University
of Washington Northwest Lipid Research Laboratories. Analyses of glucose were performed
on a Roche P module autoanalyzer by the hexokinase method using reagent from Roche
Diagnostics, Indianapolis, IN. Insulin was measured by a two-site immunoenzymometric
assay performed using a Tosoh 1800 autoanalyzer (South San Francisco, CA).
Measurements of total cholesterol, cholesterol in the lipoprotein fractions, and triglyceride
(TG) concentrations were performed enzymatically on the Roche Modular-P autoanalyzer
using methods standardized to the Centers for Disease Control and Prevention Reference
Methods. Determination of HDL-C was performed after precipitation of apolipoprotein B—
containing particles by dextran sulfate Mg2*. LDL-C was calculated using the Friedewald
equation (7).

Anthropometric measurements were conducted by personnel who were trained and certified
in recording height, body weight, and waist circumference. Height and body weight were
measured without shoes using the Prospective Enterprises PE-AIM-101 stadiometer
(Portage, MI) and the Alpha 882 electronic scale (SECA Corporation, Hanover, MD). BMI
(kg:m~2) was calculated and converted to an age- and gender-specific BMI percentile using
the Centers for Disease Control and Prevention 2000 criteria (3). Youth with BMI =85th but
<95th percentile were classified as overweight and those =95th percentile were classified as
obese. Waist circumference was taken using a Gulick tape measure (G-tape) with a tension
device on bare skin measured just above the iliac crest with the average of the first two
measures that were within 1 cm of each other used in all analyses. Waist circumferences
were converted to age-, sex-, and race-specific percentiles (5). Blood pressure was recorded
three times using an automated blood pressure monitor (HEM- 907XL; Omron, Vernon
Hills, IL). The initial value was recorded after the participant had been seated quietly for 5
min, with each subsequent value recorded 1 min after the preceding recording. The mean of
the second and third recordings was used in all subsequent analyses.
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Ethnicity and race were collected by student self-report: anyone checking “Hispanic or
Latino” ethnicity was classified as Hispanic, non-Hispanics choosing only “Black or African
American” race were classified as black, non- Hispanics choosing only “White” race were
classified as white, and all other response categories were combined into “Other.” A parent
or guardian completed a questionnaire providing highest level of education in the household,
which was classified as low (less than high school or some high school), middle (high
school graduate or some college or specialized training), or high (college or university
graduate or postgraduate training or degree). Pubertal status was self-reported in private
using the Pubertal Development Scale (27) and converted to five pubertal stage groups.

Met-S was defined according to the International Diabetes Federation criteria whereby an
adolescent has Met-S if he/she has abdominal obesity (waist circumference >90th percentile)
and two of the following: fasting blood TG levels =1.7 mmol-L™1, HDL-C <1.03 mmol-L™1,
blood pressure (BP) =130 mm Hg systolic or =85 mm Hg diastolic, or fasting glucose >5.6
mmol-L™1 (37).

A total of 4063 students provided complete data in both sixth and eighth grades for at least
one outcome of interest, and all analyses were limited to this data set. The number of
students with complete data for each analysis is provided in the tables. Descriptive statistics
with means and SD for continuous measures and percentages for categorical variables are
presented. General linear mixed models were used to analyze differences between
intervention and control schools (22) with the covariance structure appropriately adjusted for
variability both between cluster (school) and within cluster. This was accomplished by using
the PROC MIXED procedure for continuous data and the PROC GLIMMIX procedure for
categorical data incorporating a random effect group assignment within school in the model.
Because of the skewness and zero values, the fitness and physical activity variables were
square root-transformed. Models were adjusted for family history of diabetes, parental
education, and pubertal status. All analyses were then repeated in ethnic, gender, and obesity
subgroups. As previously reported (32), the power calculation for this study was based on
detecting change in the prevalence of overweight and obesity. As such, the Pvalues reported
within this article represent findings associated with secondary outcomes and are provided
to help facilitate the interpretation of the data only with a set at 0.05. All analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC).

Participant characteristics are presented in Table 1, and a CONSORT-style flowchart of
participant progress is presented in Figure 1. There were 5571 and 5587 potential
intervention and control group participants with baseline data collected on 3222 (57.8%) and
3191 (57.1%) of these participants. Overall, 57.6% of the sixth-grade students were
recruited to participate in the study, and of these, 73.4% (4603) were assessed for the
primary outcome in the eighth grade. The final analyzed data set comprised 2060
intervention and 2003 control group participants thereby representing 63.9% and 62.8% of
the participants who provided baseline data. The analyzed sample was composed of 59.0%
Hispanic, 19.8% black, and 21.3% white, with 50.3% of the participants being either
overweight (19.5%) or obese (30.8%). 2 tests indicated that there were no statistically
significant differences in the baseline demographic characteristics of the intervention and
control groups.

The prevalence of the International Diabetes Federation (IDF)-defined Met-S is presented by
intervention group in Table 2, with the prevalence of each Met-S component presented for
all participants and just those with the Met-S at each time point presented in Table 3. Five
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percent of the participants had Met-S at both time points, with the highest prevalence rates
among the Hispanic group. All of the 210 participants with Met-S at baseline were classified
as overweight or obese. One of the 209 participants who had Met-S at follow-up was
classified as normal weight.

There were 83 (40 control school, 43 intervention) who had the Met-S in the sixth grade,
which tracked into the eighth grade. There were no significant differences in Met-S
prevalence at the follow-up assessment between the intervention and control groups when
all participants were included or when any of the subgroups were compared. Inspection of
Table 3 indicates that, of those participants who had the Met-S at sixth grade, 69.5% had
high TG and 81.9% had low HDL-C with similar proportions evident at the eighth-grade
assessment. It is, however, noticeable that the proportion of participants with the Met-S who
had high fasting glucose levels increased from 44.3% at sixth grade to 64.1% at eighth
grade.

The number of shuttle run laps recorded at baseline (sixth grade) and follow-up (eighth
grade) is presented in Table 4. For both the intervention and control groups, the mean
number of laps increased from 21 at baseline to 27 at follow-up, but there were no
statistically significant differences between the two groups at the follow-up assessment.
Moreover, when the models were rerun by ethnic and gender subgroups, there were no
statistically significant differences. When the FITNESSGRAM criteria were applied to the
baseline data, a larger proportion of males had “below-average” aerobic fitness levels
(64.4% control group, 60.5% intervention group) compared with females (38.9% control
group, 37.9% intervention group). In contrast, after assessment, the percent of males with
“below-average” aerobic fitness (64.8% control and 64.5% intervention) was largely
unchanged; however, there was a clear deterioration in the relative fitness levels of the girls
with 65.9% of the control and 65.5% of the intervention girls being classified as having
below-average fitness levels. Further stratification by baseline gender, ethnicity, and
baseline obesity status (normal weight or overweight/obese) did not yield differences
between the two intervention groups.

Mean minutes of MVPA per day at baseline (sixth grade) and follow-up (eighth grade) are
presented by intervention arm in Table 5. There was a 7.4-min decline in the control group’s
minutes of MVPA per day from baseline to follow-up, with a comparable 7.9-min decline
among the intervention group. There were no statistically significant differences between the
two groups at follow-up or for any of the gender, ethnic, or obesity status subgroup.

DISCUSSION

The data presented in this study have shown that 5% of an ethnically diverse sample of early
adolescents had Met-S, but a 3-yr multicomponent intervention had no effect on Met-S
prevalence when compared with a control group. Further examination indicated that the
baseline Met-S prevalence differed by ethnicity, with the highest prevalence among the
Hispanic participants (6.5% vs 2.1% for black and 5.5% for white). The baseline Met-S
prevalence was higher when the sample was limited to just overweight males (9.6%) and
females (12.2%). There was no intervention effect on Met-S prevalence within these
subgroups or within the ethnic and obesity status subgroups. Met-S has been shown to track
from adolescence to adulthood (23), and adult Met-S is associated with an increased risk of
developing CVD and T2DM (17). Because there are serious health implications for youth
who possess Met-S, the failure to affect Met-S prevalence in this study indicates a need to
identify more effective intervention approaches.
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There was no difference in the number of laps completed by the intervention and control
groups at the end of the study. Because the 20-MST has been shown to be sensitive to
change in youth interventions (16), the lack of an effect on fitness is unlikely to be a
function of measurement. The absence of an effect could, however, be a function of
variation in the dose of the PE (min-wk™1) offered across the seven field centers. Because
exposure to the PE classes at intervention and control schools was broadly comparable with
mean PE class lengths of 57 and 55 min in control and intervention schools at baseline and
54 and 55 min at the eighth grade, there does not seem to be an evidence of difference
between intervention and control schools. It is therefore reasonable to conclude that the
intervention had no effect on the participant’s fitness.

There was no difference in the mean minutes of daily (in and out of school) MVVPA between
the intervention and control groups at the end of the intervention. Although a large
proportion of the physical activity intervention efforts were targeted toward the PE provision
during curriculum time, the PE lessons, the behavioral lessons, and the social marketing
campaign were also designed to encourage additional habitual physical activity. The
SAPAC instrument was therefore chosen as the physical activity measure to capture the
intended change in habitual physical activity. Thus, although it might be the case that the
SAPAC was not sufficiently sensitive to capture change during PE lessons, the primary
focus was on the change in overall physical activity of which physical education was an
important component. We may have been able to detect a change in physical activity if we
had used an objective measure such as using accelerometers. For example, accelerometers
would have facilitated a segmented analysis (12) in which it would have been possible to
examine if a change in physical activity occurred during school hours. Equally, it may have
been the case that activity levels in the intervention group changed during the early phases
of the intervention, but these changes were not maintained. As such, it is possible to argue
that the lack of objective, sensitive assessments during the intervention period may also have
hindered our ability to capture key changes. However, because the primary aim of the study
was reduction in modifiable risk factors for T2DM at the end of eighth grade, we directed
our limited resources toward assessing physical activity at the end of the study.

A closer examination of the physical activity, fitness, and Met-S data reveals an interesting
trend. Overall, minutes of MVPA declined by approximately 8% during the 2.5-yr period,
whereas the number of laps completed in the 20-MST increased by approximately 30%
overall, with the majority of the increase occurring in the boys and little or no change in the
girls. In comparison, the proportion of the overall sample exhibiting Met-S was stable during
the 2-yr period. However, the Met-S data (Table 2) show that the proportion of boys with
Met-S increased by ~51%, whereas the proportion of girls decreased by ~42%. Intriguingly,
physical activity and fitness levels of the boys are basically unchanged and the proportion of
boys with Met-S is increasing, whereas the physical activity and fitness of the girls are
declining and the proportion of girls exhibiting Met-S is declining. Because both physical
activity and fitness have been associated with Met-S, these findings suggest that the amount
of change in both variables may not have been sufficient to significantly affect Met-S.
Potentially, greater changes in physical activity could have influenced changes in body fat or
fitness, which would have a direct effect on the Met-S.

The lack of success in achieving change in fitness, physical activity, and Met-S is consistent
with the broader literature in which the majority of school-based interventions designed to
increase physical activity or prevent weight gain have either reported no effect or very small
effects in subgroups (35). Several studies have reported that short-term physical education
interventions (<6 months) (26,29) have yielded positive effects on fitness levels, whereas
longer-term studies have yielded no effect (2). It is also important to note that a 3-yr
intensive activity program that was delivered after school in US elementary schools yielded
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a positive change in fitness at the end of each year, but the positive change was lost over the
summer vacation (8). It therefore seems plausible that intervention effects could have been
ameliorated over the summer months, but the absence of interim measures precluded the
detection on such effects on fitness, physical activity, and Met-S. It is, however, important to
remember that the primary aim of this study was to assess the longer-term effect of the
intervention on fitness, physical activity, and Met-S. As such, although it may have been
scientifically interesting to know if the effect had shorter-tem effects on these variables, the
more important public health question is whether the intervention had a longer-term effect
on these outcomes and it was the key public health question that was the focus of our
research.

The failure to affect physical activity, fitness, or Met-S suggests that alternative intervention
approaches are needed. Participation in PE and structured group-based PA programs
declines throughout adolescence (15), suggesting that future interventions may need to
address individual differences in lifestyle activity habits outside of school. We may therefore
need to consider alternative approaches to changing youth physical activity, fitness, and
ultimately Met-S. Social ecological models (19) suggest that there are multiple levels of
influence on youth behavior, and although we made changes to the in-school PA
environment, we did not address familial, peer, or wider environmental approaches to
increasing physical activity such as active travel to school, which are likely to be important
influences on youth physical activity and fitness. Future interventions should consider these
wider social and environmental factors on youth physical activity and fitness.

Strengths and limitations

The data presented here are from a large cluster-designed randomized controlled trial with
the majority of the participants (>70%) coming from ethnic minority groups that are at an
increased risk of T2DM. The study also included participants from across the United States,
and the geographical diversity in sites mimics the US school system. Moreover, this was a
multicomponent intervention that was based on the best available evidence with further
development during 4 yr of formative work in which the intervention elements were refined
(10). As such, the intervention represents a well-thought-out, well-delivered intervention in
a high-risk group. There are, however, many limitations that need to be recognized. First, we
used the 2-d version of the SAPAC to estimate physical activity levels and sedentary
behaviors. Although this is a valid instrument, the wide variance in student response may
have affected our ability to detect change. Second, the 20-MST s a field test that has been
widely used and validated, but we do not have any information about the consistency in
student effort, i.e., did all students work as hard in the test. Third, we used the IDF criteria to
define Met-S, and although these criteria were developed to provide a universally accepted
criteria, it is plausible that other findings may have resulted if other Met-S definitions had
been used. Finally, because the focus of this study was to evaluate a difference between the
intervention and control groups at the end of eighth grade, we directed our resources toward
assessments at the baseline (sixth grade) and postassessment (eighth grade) periods, which
prevented interim assessments of change in outcomes.

CONCLUSIONS

The HEALTHY intervention, a complex school-based intervention, had no effect on the
Met-S, fitness, or physical activity levels of youth at risk of developing T2DM. The study
suggests that school-based behavioral interventions may not be sufficiently intense to
facilitate change in these variables. Alternative approaches that focus on how to change
physical activity, fitness, and ultimately Met-S in all relevant childhood environments need
to be developed. It is unlikely that school-based programming alone can increase activity
sufficiently to produce the desired changes.
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INTERVENTION CONTROL
6" grade students, 6" grade students,
N=5571 N=5587
No informed consent No informed consent
or assent received, |G——] ——® or assent received,
N=2266 Y Y N=2319
Provided informed Provided informed
consent and assent, consent and assent,
N=3305 N=3268
Not measured, N=83 Not measured, N=77
(18 withdrawals, | t——————————=P»{ (14 withdrawals,
65 no shows) Y  / 63 no shows)
Baseline health Baseline health
screening (6" grade), screening (6" grade),
N=3222 N=3191
Invalid data, N=33 | ————»{ Invalid data, N=22
Y Y
6" grade sample, 6" grade sample,
N=3189 N=3169
Not measured, N=878 Not measured, N=870
(5 withdrawals, 18 no |@———— ————»{ (7 withdrawals, 12 no
shows, 855 transfers) ' ' shows, 851 transfers)
End of study health End of study health
screening (8" grade), screening (8" grade),
N=2311 N=2299
Invalid data, N=4 |@— t————————»{ Invalid data, N=3
Y \ 4
8" grade cohort, 8" grade cohort,

Data removed from N=2307 N=2296 Data removed from
analysis, N=247 analysis, N=293
(180 other race, 63 (212 other race, 76
missing adjustment missing adjustment
variables, 4 no data for L/ L/ variables, 5 no data for
outcomes in paper) outcomes in paper)
Analyzed data set, Analyzed data set,

N=2060 N=2003

FIGURE 1

CONSORT-style flowchart.
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Participant characteristics presented overall and by intervention arm (/7= 4063).

TABLE 1

Overall Control Intervention pa

Age (yr), mean + SD 11.3+06 11.3+06  112+05  0.1955
Female (%) 52.4 52.2 52.5 0.8508
Race/ethnicity (%)

Hispanic 59.0 58.9 59.1 0.1626

Black 19.8 17.1 22.3

White 21.3 24.0 18.6
Positive reported family history of diabetes (%) 13.0 135 12.6 0.4085
Highest household education (%)

No high school diploma 28.1 28.0 28.1 0.5447

Some college 53.4 52.7 54.2

College grad or higher 18.5 19.3 17.7
BMI percentile (%) 73.3+278 732+281 734+276 0.8642

<85 49.7 49.8 49.5 0.6130

85-94 19.5 19.1 19.9

=95 30.8 31.1 30.6

a . . .
Comparison between intervention and control groups.

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.

Page 13



Page 14

Jago et al.

VIN 57 ¢ TS 9 vy ¥ 99 9 %oelg
VIN 9L €2 8T S 88 ST LTt 9 oluedsiH
VIN €9 It 97T 29 UL 9 81T S v 8[ewad
VIN 06 8 ver 11 16T 9T v6 0T aNUM
v.180 09 § 9 ¢ vs ¥ vT T xoelg
68260 vIT S§ 0Tl S vIT €5 60T €€ oluedsiH
v0TS0 6€T 89 00T 6V TGT €L T6 b 1\ 3[eN
OvEE0 T0T 66 €TT  TTT GTT 60T 70T 66 anusosad yiGe= ING
VIN 0 o 0 o0 L0 T 0 o0 8HUM
VIN 0 o 0 o 0 o0 0 o xoelg
VIN 0 o0 0 o 0 o0 0 o0 oluedsiH
VIN 0 o 0 o0 AV 0 o0 v 8[ewad
VIN 0 o 0 o 0 o0 0 0 aNUM
VIN 0 o0 0 o 0 o0 0 o0 xoelg
VIN 0 0 0 o0 0 0 0 0 oluedsiH
VIN 0 o 0 o 0 o0 0 o 1\ 3[eN
VIN 0 o0 0 o 170 T 0 o0 a|nuadsad yise> INg
VIN 0e § 99 1T €e 8 s €T 8HUM
VIN €T ¢ 9z 9 € ¥ ve 9 xoelg
VIN Le €z L S €7 ST 79 9t oluedsiH
VIN 0t 1€ T9 29 re L€ G S v 8[ewad
VIN Ty 8 s 11 TL 9T Sy 0T aNUM
L¥92°0 Sz § ST ¢ 6C ¥ L0 T xoelg
16880 Z0T S g9 S L6 €5 09 €€ oluedsiH
¥215°0 €L 89 €5 oY 08 €L 8y v 1\ 3[eN
EVVED TS 66 LS T 8G  0TT 7S 66 1184970
d nd u d u d U d U
apelo yybig e apelo YIS 1e apelo yyoig re apelo YIS 1e

S-PIN JosoWRMId S-BIN J0souBeMId S-BIN JosouseAsld  S-BIN J020usEes id

(EG6T =U) UOIIUBAIBIU | (206T =u) [1041U0D

2 (6G8E =U/) S-19IA paulyap-4dl ayi Jo aouajeAald Juswissasselsod pue JusLISsasseald

¢3714avl

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 15

Jago et al.

"8|ealjdde Jou 'w/N

“uo1eaNpPa [ejusied pue ‘abels Jauue] g Jeak ‘saragelp Jo A101sIy Ajiwey ‘sanjeA aurjaseq Joj paisnipe [apouu ayl yim sdnolf 01U0D pue UOIUSAISIUI USaMIaQ SUosLiedLW0D Judsaidal sanfend,

VIN 69 S €eT 11 S/ L ovT €1 SUYM
d Nd U Nd U d U d U
apeJo yybia e 9pelo XIS e apelo yyoi3 e 9peio YiXis e

S-PIN JoaoWedIld  S-PIN J0DUBRMId  S-BIN J0DUBERMId  S-BIN Josdusem Id

(€GBT =U) UOIUBARIU| (06T =U) [0u0D

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 16

Jago et al.

9'€9 €9 Sv9 1L Tv9 ¥ET 01T¢ 60¥ 9€C 0Sy €¢C¢ 698 1-1w-nrl 0oT= 8s0on|6 Bunse
€8¢ 8¢ T'6¢ 43 L'8¢ 09 474 8 L'S 60T 67 16T BH ww G8< d9q 10 OET= d4GS

L'EL €L 8T, 6L L¢/ <¢ST vST 106 T9T L0E 8ST 809 1-1p-Bw o> TaH
9'€9 €9 009 99 LT9 6T 69 ¥eET 89 62T 89  €9¢ - Tp-Bw osT= 91
0'00T 66 0'00T OTT O000T 60Cc 9T¢c <¢cv 0€ 6Ey €¢¢ T98 a1nuadIad Yl06< IsieM

apesb yyb1g
Vv oy Sy Iy €Wy € 6ST  O0I€ €97 TIE T9T 7Tz9 - 1wnroor= esoon|6 bunsed
vyl 9T  €lC 12 S0z & 0¢ 65 8¢ € ¥& ¢eT  BHwwggz 49440 0ETZ ddS

6°C8 6 808 08 618 ¢/T 0¥l €lc 8¢l Gv¢ VET 8IS 1-1p-Bw ov> 1aH
0€L 18 L'99 S99 §'69 T V6 ¥8T L0T ¥0Cc T0OT 88E 1-1p-Bw 05T= 91
000T TIT 000T 66 0'00T 0T¢ 86¢c ¢85 €6¢ 89S G6¢ OVIT 811usaIad Yl06= ISIeM
ape.b yxis
d u d u d u 1d u 10d u 10d u
UonUeA R | |043U0D 210 UonUeA R | |011u0D el L
S-P N yimsiuedpired siredRilred ||V

"(098€ =) S-18IN paulyap-4dl yum asoyy pue siuedionded [[e 10} S-181A J0 Jusuodwod Yyaes Jo 3oudjensid
€3149vl

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 17

Jago et al.

6060 ¢'8 ¥'ST 6'9 SvT 8 ¥'eT S'L 9¢T 2oe|d

¢09€'0 <01 8'6T ¥'9 ¥'ST 9'8 89T 8'9 ST oluedsiH

S9vv'0 86 €8T 99 TsT 68 4 TL ST 1\4 dewsd
6.1¢0 €91 9'8¢ v'6 99T §'qT €9¢ 76 0.7 SNUM

1S8L'0 S'8T ¢'9C 01T LT €97 0'L¢ 60T €8T oe|g

9¢96'0 ¢'8T €0¢e 01T 6°LT WA v'6c T6 €L oluedsiH

86650 6'LT €'6¢ L0T S'LT 897 ¥'8¢ v'6 Vi1 1\4 3N
1S8v'0  ¥'ST 8'€c 06 €97 67T §'ce S8 097 a|nuadad YIe= IINg
€/880 80T €€e 90T 0€e 0¢ctT €ve 60T 9ve AMUM

€eS50 01T €0¢ 90T T'ee L'TT T'ee €07 6'T¢ 2oe|d

0S€9'0 L'¢T cve 6'8 §'1¢ LeT 8've €11 T'ee oluedsiH

€860 T¢I (414 9'6 [ x44 x4 cve 1T €¢€e 1\4 dewsd
L19¢0 T'8T 0°LE 6'¢T 0'0¢ §'8T v'iv L'€T €¢e SNUM

16490 18T L'LE TeT 6'8¢ L'6T 0'LE ¥'eT T'oe oe|g

800v'0 86T SEv €41 |4 6'0¢ 8'er 09T L'6¢ oluedsiH

EV6S'0 ¢'6T v'ov €Vl 6'0€ ¢'0c ocy 0'ST §'0e 1\4 3N
8698'0 8'LT 0'1€ Let 09¢ §'8T T'ee S€T §'9¢ a|nusasad yige> IING
19.90 20T S0¢ T0T €61 L'TT L'1¢ S0T 9TC AMUM

16880 00T A 00T 6'8T 6'0T L'LT T0T TLT 2oe|d

66660 L'TT x44 €8 §'8T 91T 6'0C €07 6'8T oluedsiH

G690 €TT 6'0¢ 06 1’81 91T §'0¢ ¥'0T 4 1\4 dewsd
11880 /L'LT T'ee 41 8'¢ce L'8T Tve vl ¢'Se SNUM

99180 T'6T 6'¢ce S€T 6'€C 9'8T 6'1¢ S€T 0ve oe|g

¢S990 66T 9'GE Lyt L'€¢ (44 9'sE oVl L'ce oluedsiH

§686'0 €61 Sve 42 8'¢ce L'6T L'vE 0vT §'€e 1\4 3N
¢8TL0 TLT g'le 0ct TT1¢ §'.T €lLe ¥t €Te 181300

d as ues \ as ues as ues as ues N

Sdeepelo-nuBlS  SdeTepelo-yxS Sdeepelo-qiypls  SdeTepelo-UIxs

(T28T =U) uonuaABIU| (6€8T =U) [013U0D

2 (602€ = u) (sde]) LSIN-0Z BIA SSaull) JO JUBLLISSaSSLISOd pue JUBLISSaSSeald

¥ 37avl

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 18

Jago et al.

'sisAJeue 1oy pasn sem sde| JO UOITeWIOSURI

1004 81enbg “uoIeONpa [eIuated pue ‘abels Jauue] g Jeak ‘saleqelp Jo AIoisIy Ajiey ‘sanfeA sulfaseq Joj paisnipe [apow sy yum sdnoib [00U0D pue UOHUBAISIUI UMIB] SuosLiedwod jussaldal sanjend,

€¢89°0

€6 L'9T [A 8T 00T Vi1 S'L S9T aMYM

d

as ues as ues as ues as Ues N

sdeepelD-yyolg  sdeepeld-uixis  sdespelo-yiudla  sdeTapeID-YIxIS

(T/8T =Uu) UonUBA BIU| (6€8T =U) [011U0D

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 19

Jago et al.

LT.6°0 L'vy T19 ¥'S9 9'C6 9GS SvS ST9 T'99 Aoelg

€160 6'99 029 v'v9 768 918 8'29 8'69 9'08 oluedsiH

84890 ¢'es 6'59 879 0'68 1'¢s €719 T'6S L'SL 1\ dewsad
¢l88°0 veL 8'80T 9'9L 6°C6 869 8TTT VEL 106 AMUM

1810 9¢L T'Set L'8L 9'¢TT 0€L S ETT ¥'68 €qTT 2oe|d

850T°0 8'¢8 vl L'8L €ver 928 €¢TT L'9L ceet oluedsiH

LEITO v'6L L1eT T6L 8'9TT S'8L €¢It 6'8L LYTT 1\4 3N
L1v20 ¢eL V6 L'EL T'eoT STL ¥'.8 §¢L 9'56 a|nuadad Y18 IING
rev'o €719 §'89 ¥'LS 069 9'6S 6'TL 009 6'0L AMUM
¢10¢0 6°09 6°0L 089 08 6'9S 78S €89 0LL Aoelg

1509°0 8'.S ¥'€9 0€9 6'v8 6'99 009 129 8L oluedsiH

T1ES0 T'6S 099 €'€9 018 L'1S T€9 8'29 T9L 1\ dewsad
SOvE0 Tv8 6°LCT SvL 0°0TT ceL T60T §9L 8'00T AMUM

14 908 6'TCT 128 T1et 09 9'70T §'z8 §'90T 2oe|d

G818'0 9'€8 0'9¢T L'v8 6°LCT 7’08 8'¢cT 718 vt oluedsiH

[445740 8'¢8 €6cT 0'¢8 6°1CT 8L €911 908 111 1\4 3N
609€°0 9'9L §'¢6 0'SL ¢'66 el 598 8'¢L €'€6 a|nuadsad Yisg> IING
6190 L'9S 9'89 719 L'yl ¢'99 9'89 9'/S TTL AMUM

¢e8e0 G'€S 099 899 7’98 9GS €99 619 6'0L Aoelg

6T¢8°0 €19 ¢'99 L'€9 6'98 €vs €719 <19 §'6L oluedsiH

6Y61°0 €99 6'59 Tv9 8'78 T'sS €29 779 6'SL 1\ dewsad
T9TL0 ¢6L 6°8TT 8'GL 020t V1L ¥'0TT 0'SL 9'56 AMUM

YET'0 TLL €eet 6°08 6°LTT vyl L'.0T 6'S8 0TTT 2oe|d

990€'0 0'€8 0'seT 718 8'GeT 818 €LTT §'8L L'eet oluedsiH

L0120 6°08 v'ecT ¥'08 T6TT €8L V1T 9'6L 8vTT 1\4 3N
0¢se0 6'v. €'¢6 €vL ¢'10T 0cL 0'/8 T€L v'v6 1[e1A0

d as ues N as ues as ues as ues \
ape. o3 dpelo YIXis ape.o ybi3 9peIo YIS

e VdAW JOSSINUIN - T8 VAAIN JOSSINUIIN - T8 VAAIN JOSSINUIIN -+ T8 VdAIN JOSSINUTIN

(988T =U) uonUBABIU| (008T =U) [013U0D

2'(989€ = U) saINUIW AN 10 1USWSSasseIsod pue JUBLLSSasseald

g 3714avl

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



Page 20

Jago et al.

*sIsA[eUE 10} PASN SEM S3INUIW JO UOITRWIOJSUEL}

1001 81enbg "UoIRINPA [eIUaJed pue ‘afels Jauue ] g Jeak ‘saleqelp Jo AIoisly Ajiwiey ‘sanfeA suljaseq 1oy paisnipe [apow sy} yum sdnoif [0aU0D pue UORUBAISIUI UMIS] SUosLiedwod ussaldal senfend,,

€696°0 008 8'89 9'99 9'¢8 ¥'0S §'€9 0'vS 1L UM
d as ues I\ as uea N as uea |\ as ues |\
apelo yybig apels Yyixis apelo yybi3 |apel9 YXis

e VdAW JOSSINUIIN - Te VAAIN JOSSINUIIN T8 VdAIN JOSSINUIIN Te VdAIN JOSINUl

(988T =U) UoIUBA RIU| (008T =u) [013u0D

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 March 22.



