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ABSTRACT

JAGO, R., R. G. MCMURRAY, K. L. DREWS, E. L. MOE, T. MURRAY, T. H. PHAM, E. M. VENDITTI, and S. L. VOLPE.

HEALTHY Intervention: Fitness, Physical Activity, and Metabolic Syndrome Results. Med. Sci. Sports Exerc., Vol. 43, No. 8,

pp. 1513–1522, 2011. 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 G 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 � 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.

Key Words: SCHOOL-BASED INTERVENTION, PREVENTION, ADOLESCENTS, MULTICOMPONENT

T
he metabolic syndrome (Met-S) has been defined as
a clustering of risk factors for cardiovascular dis-
ease (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 as-
sociated 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 ado-
lescents 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 adoles-
cents do not meet physical activity recommendations (33).
NHANES data (1999–2002) also indicate that approxi-
mately 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 child-
hood 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
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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 ran-
domized 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.

METHODS

Details of the HEALTHY intervention have been presented
in detail elsewhere (10). Briefly, however, the HEALTHY
intervention was a cluster randomized controlled trial con-
ducted 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 e25%. 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 ac-
tivities were limited to 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 stu-
dents to consume a healthier diet and engage in increased
physical activity. The intervention had four integrated com-
ponents. 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 peri-
ods 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 compo-
nent was a social marketing campaign that had a differ-
ent theme for each semester of the intervention. The five
themes were water consumption, encouraging physical ac-
tivity 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 educa-
tion (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.

Procedures. 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 analy-
ses. 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 obe-
sity and reduction of the risk factors for T2DM and associ-
ated 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 MVPA (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 dis-
cussed above, a self-reported physical activity instrument was
selected. Ideally, we would have used an objective assess-
ment such as accelerometers on the entire cohort, but this
would have been prohibitively expensive. We considered us-
ing 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
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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 MVPA 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 week-
days, 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 METs, 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 minIdj1. 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 mid-
night. 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 per-
formed 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, choles-
terol in the lipoprotein fractions, and triglyceride (TG) con-
centrations were performed enzymatically on the Roche
Modular-P autoanalyzer using methods standardized to the
Centers for Disease Control and Prevention Reference Meth-
ods. Determination of HDL-C was performed after precipita-
tion of apolipoprotein B–containing particles by dextran
sulfate Mg2+. LDL-C was calculated using the Friedewald
equation (7).

Anthropometric measurements were conducted by per-
sonnel 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 (kgImj2) 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 Q85th but G95th percentile were classified as
overweight and those Q95th percentile were classified as
obese. Waist circumference was taken using a Gulick tape
measure (G-tape) with a tension device on bare skin mea-
sured 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 re-
cordings was used in all subsequent analyses.

Ethnicity and race were collected by student self-report:
anyone checking ‘‘Hispanic or Latino’’ ethnicity was clas-
sified 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.

Analyses. Met-S was defined according to the Interna-
tional Diabetes Federation criteria whereby an adolescent
has Met-S if he/she has abdominal obesity (waist circum-
ference Q90th percentile) and two of the following: fasting
blood TG levels Q1.7 mmolILj1, HDL-C G1.03 mmolILj1,
blood pressure (BP) Q 130 mm Hg systolic or Q85 mm Hg
diastolic, or fasting glucose Q 5.6 mmolILj1 (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 varia-
bles are presented. General linear mixed models were used
to analyze differences between intervention and control
schools (22) with the covariance structure appropriately ad-
justed 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, paren-
tal education, and pubertal status. All analyses were then
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repeated in ethnic, gender, and obesity subgroups. As pre-
viously reported (32), the power calculation for this study
was based on detecting change in the prevalence of over-

weight and obesity. As such, the P values reported within
this article represent findings associated with secondary
outcomes and are provided to help facilitate the interpreta-
tion of the data only with > set at 0.05. All analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS

Participant characteristics are presented in Table 1, and a
CONSORT-style flowchart of participant progress is pre-
sented in Figure 1. There were 5571 and 5587 potential in-
tervention and control group participants with baseline data
collected on 3222 (57.8%) and 3191 (57.1%) of these par-
ticipants. 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 interven-
tion and 2003 control group participants thereby representing

TABLE 1. Participant characteristics presented overall and by intervention arm (n = 4063).

Overall Control Intervention Pa

Age (yr), mean T SD 11.3 T 0.6 11.3 T 0.6 11.2 T 0.5 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 13.5 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 T 27.8 73.2 T 28.1 73.4 T 27.6 0.8642
G85 49.7 49.8 49.5 0.6130
85–94 19.5 19.1 19.9
Q95 30.8 31.1 30.6

a Comparison between intervention and control groups.

FIGURE 1—CONSORT-style flowchart.
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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%). W2 tests
indicated that there were no statistically significant differ-
ences in the baseline demographic characteristics of the in-
tervention 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 pre-
sented for all participants and just those with the Met-S at
each time point presented in Table 3. Five 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 over-

weight 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 inter-
vention and control groups when all participants were in-
cluded 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.

TABLE 2. Preassessment and postassessment prevalence of the IDF-defined Met-S (n = 3859).a

Control (n = 1907) Intervention (n = 1953)

Prevalence of Met-S
at Sixth Grade

Prevalence of Met-S
at Eighth Grade

Prevalence of Met-S
at Sixth Grade

Prevalence of Met-S
at Eighth Grade

n Pct n Pct n Pct n Pct P

Overall 99 5.2 110 5.8 111 5.7 99 5.1 0.3443
Male All 44 4.8 73 8.0 49 5.3 68 7.3 0.5124

Hispanic 33 6.0 53 9.7 35 6.5 55 10.2 0.8857
Black 1 0.7 4 2.9 3 1.5 5 2.5 0.7647
White 10 4.5 16 7.1 11 5.7 8 4.1 N/A

Female All 55 5.5 37 3.7 62 6.1 31 3.0 N/A
Hispanic 36 6.2 25 4.3 45 7.2 23 3.7 N/A
Black 6 3.4 4 2.3 6 2.6 3 1.3 N/A
White 13 5.4 8 3.3 11 6.6 5 3.0 N/A

BMI G85th percentile 0 0 1 0.1 0 0 0 0 N/A
Male All 0 0 0 0 0 0 0 0 N/A

Hispanic 0 0 0 0 0 0 0 0 N/A
Black 0 0 0 0 0 0 0 0 N/A
White 0 0 0 0 0 0 0 0 N/A

Female All 0 0 1 0.2 0 0 0 0 N/A
Hispanic 0 0 0 0 0 0 0 0 N/A
Black 0 0 0 0 0 0 0 0 N/A
White 0 0 1 0.7 0 0 0 0 N/A

BMI Q85th percentile 99 10.4 109 11.5 111 11.3 99 10.1 0.3340
Male All 44 9.1 73 15.1 49 10.0 68 13.9 0.5104

Hispanic 33 10.9 53 17.4 35 11.0 55 17.4 0.9289
Black 1 1.4 4 5.4 3 3.6 5 6.0 0.8174
White 10 9.4 16 15.1 11 12.4 8 9.0 N/A

Female All 55 11.8 36 7.7 62 12.6 31 6.3 N/A
Hispanic 36 12.7 25 8.8 45 14.8 23 7.6 N/A
Black 6 6.6 4 4.4 6 5.1 3 2.5 N/A
White 13 14.0 7 7.5 11 15.3 5 6.9 N/A

a P values represent comparisons between intervention and control groups with the model adjusted for baseline values, family history of diabetes, year 8 Tanner stage, and parental
education.
N/A, not applicable.

TABLE 3. Prevalence of each component of Met-S for all participants and those with IDF-defined Met-S (n = 3860).

All Participants Participants with Met-S

Total Control Intervention Total Control Intervention

n Pct n Pct n Pct n Pct n Pct n Pct

Sixth grade
Waist Q90th percentile 1140 29.5 558 29.3 582 29.8 210 100.0 99 100.0 111 100.0
TG Q150 mgIdLj1 388 10.1 204 10.7 184 9.4 146 69.5 65 65.7 81 73.0
HDL G40 mgIdLj1 518 13.4 245 12.8 273 14.0 172 81.9 80 80.8 92 82.9
SBP Q130 or DBP Q85 mm Hg 132 3.4 73 3.8 59 3.0 43 20.5 27 27.3 16 14.4
Fasting glucose Q100 KUImLj1 621 16.1 311 16.3 310 15.9 93 44.3 47 47.5 46 41.4

Eighth grade
Waist Q90th percentile 861 22.3 439 23.0 422 21.6 209 100.0 110 100.0 99 100.0
TG Q150 mgIdLj1 263 6.8 129 6.8 134 6.9 129 61.7 66 60.0 63 63.6
HDL G40 mgIdLj1 608 15.8 307 16.1 301 15.4 152 72.7 79 71.8 73 73.7
SBP Q130 or DBP Q85 mm Hg 191 4.9 109 5.7 82 4.2 60 28.7 32 29.1 28 28.3
Fasting glucose Q100 KUImLj1 859 22.3 450 23.6 409 21.0 134 64.1 71 64.5 63 63.6
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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 differ-
ences between the two groups at the follow-up assessment.

TABLE 4. Preassessment and postassessment of fitness via 20-MST (laps) (n = 3709).a

Control (n = 1839) Intervention (n = 1871)

Sixth-Grade Laps Eighth-Grade Laps Sixth-Grade Laps Eighth-Grade Laps

Mean SD Mean SD Mean SD Mean SD P

Overall 21.3 12.4 27.3 17.5 21.1 12.0 27.3 17.1 0.7182
Male All 23.5 14.0 34.7 19.7 23.8 14.2 34.5 19.3 0.9895

Hispanic 22.7 14.0 35.6 20.2 23.7 14.7 35.6 19.9 0.5552
Black 24.0 13.5 31.9 18.6 23.9 13.5 32.9 19.1 0.8166
White 25.2 14.1 34.1 18.7 23.8 13.2 33.1 17.7 0.8511

Female All 19.2 10.4 20.5 11.6 18.7 9.0 20.9 11.3 0.6925
Hispanic 18.9 10.3 20.9 11.6 18.5 8.3 22.1 11.7 0.9999
Black 17.1 10.1 17.7 10.9 18.9 10.0 17.8 10.0 0.8851
White 21.6 10.5 21.7 11.7 19.3 10.1 20.5 10.7 0.6761

BMI G85th percentile 26.5 13.5 32.1 18.5 26.0 12.7 31.0 17.8 0.8598
Male All 30.5 15.0 42.0 20.2 30.9 14.3 40.4 19.2 0.5943

Hispanic 29.7 16.0 43.8 20.9 32.4 15.3 43.5 19.8 0.4008
Black 30.1 13.4 37.0 19.7 28.9 13.1 37.7 18.1 0.6797
White 32.3 13.7 41.4 18.5 30.0 12.9 37.0 18.1 0.3617

Female All 23.3 11.1 24.2 12.4 22.1 9.6 23.2 12.1 0.9373
Hispanic 23.1 11.3 24.8 12.7 21.5 8.9 24.2 12.7 0.6350
Black 21.9 10.3 22.1 11.7 23.1 10.6 20.3 11.0 0.5533
White 24.6 10.9 24.3 12.0 23.0 10.6 23.3 10.8 0.8873

BMI Q85th percentile 16.0 8.5 22.5 14.9 16.3 9.0 23.8 15.4 0.4857
Male All 17.4 9.4 28.4 16.8 17.5 10.7 29.3 17.9 0.5998

Hispanic 17.3 9.1 29.4 17.3 17.9 11.0 30.3 18.2 0.9626
Black 18.3 10.9 27.0 16.3 17.2 11.0 26.2 18.5 0.7857
White 17.0 9.1 26.3 15.5 16.6 9.4 28.6 16.3 0.2179

Female All 14.5 7.1 16.2 8.9 15.1 6.6 18.3 9.8 0.4465
Hispanic 14.5 6.8 16.8 8.6 15.4 6.4 19.8 10.2 0.3602
Black 12.6 7.5 13.4 8.2 14.5 6.9 15.4 8.2 0.9709
White 16.5 7.5 17.4 10.0 14.8 7.2 16.7 9.3 0.6823

a P values represent comparisons between intervention and control groups with the model adjusted for baseline values, family history of diabetes, year 8 Tanner stage, and parental
education. Square root transformation of laps was used for analysis.

TABLE 5. Preassessment and postassessment of MVPA minutes (n = 3686).a

Control (n = 1800) Intervention (n = 1886)

Minutes of MVPA at
Sixth Grade

Minutes of MVPA at
Eighth Grade

Minutes of MVPA at
Sixth Grade

Minutes of MVPA at
Eighth Grade

Mean SD Mean SD Mean SD Mean SD P

Overall 94.4 73.1 87.0 72.0 101.2 74.3 93.3 74.9 0.2520
Male All 114.8 79.6 114.1 78.3 119.1 80.4 123.4 80.9 0.2107

Hispanic 123.7 78.5 117.3 81.8 125.8 81.1 125.0 83.0 0.3066
Black 111.0 85.9 107.7 74.4 117.9 80.9 123.3 77.1 0.1344
White 95.6 75.0 110.4 71.4 102.0 75.8 118.9 79.2 0.7161

Female All 75.9 61.1 62.3 55.1 84.8 64.1 65.9 56.3 0.4949
Hispanic 79.5 61.2 61.3 54.3 86.9 63.7 65.2 57.3 0.8219
Black 70.9 64.9 56.3 55.6 86.4 66.8 66.0 53.5 0.2822
White 71.1 57.6 68.6 56.2 74.7 61.1 68.6 56.7 0.6194

BMI G85th percentile 93.3 73.8 86.5 72.4 99.2 75.0 92.5 76.6 0.3609
Male All 115.1 80.6 116.3 78.1 121.9 82.0 125.3 82.8 0.4322

Hispanic 124.4 81.1 123.8 80.4 127.9 84.7 126.0 83.6 0.8185
Black 106.5 82.5 101.6 76.0 121.1 82.7 121.9 80.6 0.2114
White 100.8 76.5 109.1 73.2 110.0 74.5 127.9 84.1 0.3405

Female All 76.1 62.8 63.1 57.7 81.0 63.3 66.0 59.1 0.5311
Hispanic 78.4 62.7 60.0 56.9 84.9 63.0 63.4 57.8 0.6057
Black 77.0 68.3 58.1 55.9 80.2 68.0 70.9 60.9 0.2012
White 70.9 60.0 71.9 59.6 69.0 57.4 68.5 61.3 0.4241

BMI Q85th percentile 95.6 72.5 87.4 71.5 103.1 73.7 94.2 73.2 0.2417
Male All 114.7 78.9 112.3 78.5 116.8 79.1 121.7 79.4 0.1637

Hispanic 123.2 76.7 112.3 82.6 124.3 78.7 124.4 82.8 0.1058
Black 115.3 89.4 113.5 73.0 113.6 78.7 125.1 72.6 0.3181
White 90.1 73.4 111.8 69.8 92.9 76.6 108.8 72.4 0.8872

Female All 75.7 59.1 61.3 52.1 89.0 64.8 65.9 53.2 0.6858
Hispanic 80.6 59.8 62.8 51.6 89.1 64.4 67.0 56.9 0.9773
Black 65.1 61.5 54.5 55.6 92.6 65.4 61.1 44.7 0.9717
White 71.4 54.0 63.5 50.4 82.6 65.6 68.8 50.0 0.9693

a P values represent comparisons between intervention and control groups with the model adjusted for baseline values, family history of diabetes, year 8 Tanner stage, and parental
education. Square root transformation of minutes was used for analysis.
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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 base-
line data, a larger proportion of males had ‘‘below-average’’
aerobic fitness levels (64.4% control group, 60.5% interven-
tion 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; how-
ever, there was a clear deterioration in the relative fitness levels
of the girls with 65.9% of the control and 65.5% of the inter-
vention 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 con-
trol 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 dif-
ferences 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 preva-
lence 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.

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 (minIwkj1) offered across the seven field centers.
Because exposure to the PE classes at intervention and con-
trol 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) MVPA between the intervention and con-
trol 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 cho-
sen 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 hin-
dered 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 È51%, whereas the pro-
portion of girls decreased by È42%. Intriguingly, physical
activity and fitness levels of the boys are basically un-
changed and the proportion of boys with Met-S is increas-
ing, 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
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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 educa-
tion interventions (e6 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 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 inter-
vention 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 inter-
vention 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 eco-
logical 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 famil-
ial, 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 (970%) 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 is 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 interven-
tion 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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