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Abstract

Objective—To examine the effects of an integrated, multi-component, school-based intervention
program on cardiovascular disease (CVD) risk factors among a multi-ethnic cohort of middle
school students.

Methods—HEALTHY was a cluster randomized, controlled, primary prevention trial. Middle
school was the unit of randomization and intervention. Half the schools were assigned to an
intervention program consisting of changes to the total school food environment and physical
education classes, enhanced by educational outreach and behavior change activities and promoted
by a social marketing campaign consisting of reinforcing messages and images. Outcome data
reported (anthropometrics, blood pressure, and fasting lipid levels) were collected on a cohort of
students enrolled at the start of 6! grade (~11-12 years old) and followed to end of 8! grade
(~13-14 years old).

Results—42 middle schools were enrolled at 7 field centers; 4363 students provided both
informed consent and CVD data at baseline and end of study. The sample was 52.7% female,
54.5% Hispanic, 17.6% non-Hispanic Black, 19.4% non-Hispanic White, and 8.5% other racial/
ethnic combinations, and 49.6% were categorized as overweight or obese (BMI = 85™ percentile)
at baseline. A significant intervention effect was detected in the prevalence of hypertension in
non-Hispanic Black and White males. The intervention produced no significant changes in lipid
levels.

Conclusions—The prevalence of some CVD risk factors is high in minority middle school
youth and particularly males. A multi-component, school-based program achieved only modest
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reductions in these risk factors; however, promising findings occurred in non-Hispanic Black and
White males with hypertension.
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Introduction

Methods

Cardiovascular disease (CVVD) generally presents during adulthood, but the antecedents of
this adult disease may be detectable in childhood. Elevated lipid and blood pressure levels
have been associated with an increased risk of cardiovascular disease, and these risk factors
track from childhood into adulthood-2. Poor nutrition, a sedentary lifestyle, and genetic
factors predispose to multiple CVD risk factors, including obesity, hyperlipidemia, and
hypertension?.

CVD is the leading cause of mortality in the United States and is associated with the recent
increase in obesity rates, which have tripled in youth since 1980%. The cumulative nature of
risk factors for CVD has motivated researchers to identify clinical or lifestyle interventions
that can be implemented at the earliest preclinical stages. A number of these efforts have
been tested in the school setting because schools can reach large, diverse populations at a
developmentally-relevant time to impact the child's dietary intake and level of physical
activity®>8. Previous school-based programs have increased knowledge and healthy
behaviors for the purpose of improving cardiovascular health8.

The present paper reports findings from the recently concluded HEALTHY primary
prevention trial, designed to determine if an integrated, multidisciplinary, middle school-
based intervention program could lower risk factors for type 2 diabetes among students from
high-risk minorities. HEALTHY was designed to compare the primary outcome, percent of
students with body mass index (BMI) =85t percentile (combined categories for overweight
and obese), in intervention versus control schools, and examine secondary risk factors
including other measures of obesity as well as fasting glucose and insulin levels. The
primary study results® showed ~4% decrease in percent overweight and obese in both
intervention and control schools, but no significant difference between intervention versus
control. In a high-risk subgroup of those who were overweight or obese (BMI = 85t
percentile) at baseline, the intervention significantly decreased the proportion with BMI =
95t percentile (obese). In the overall sample, intervention schools also had significantly
greater reductions in BMI z-score, waist circumference > 90 percentile, and mean insulin
level than control schools.

Secondary outcomes included CVD risk factors, which are the focus of this paper. We
examine the effect of the HEALTHY intervention program on CVD risk factors, specifically
lipid and blood pressure (BP) abnormalities, from baseline (start of students’ 61 grade in fall
2006, average age 11.8 years) to end of study (end of students’ 8! grade in spring 2009,
average age 14.1 years). These data contribute to our understanding of CVD risk in multi-
ethnic middle school-aged youth in the US.

Design of the HEALTHY Study

The HEALTHY study was a cluster randomized, controlled, primary prevention trial.
Details of the HEALTHY study design and intervention have been described0-14, Briefly,
42 middle schools with at least 50% of students eligible for free or reduced-price lunch or
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belonging to a minority group were recruited by 7 participating centers (see study group
listed in on-line appendix). All 6! grade students were recruited to participate in a “health
screening” (height, weight, blood pressure, fasting blood draw) at baseline (start of 61
grade, fall 2006) and end of study (end of 8™ grade, spring 2009). Students were given a $50
and a $60 incentive for participating in the baseline and end of study screenings,
respectively. The study was approved by the Institutional Review Boards at each center, and
informed consent from parents and assent from students were obtained prior to data
collection.

Half of the schools were randomly assigned to receive a 2.5-year intervention program
consisting of changes to the total school food environment and physical education classes.
These modifications were enhanced by educational outreach and behavior change activities
and promoted by a social marketing campaign consisting of reinforcing messages and
images. Activities in the control schools were limited to recruitment and data collection
only.

and Methods

Methods for data collection have been described0. Students entering the 6! grade in fall
2006 who did not already have diabetes, were able to participate in physical education (PE)
class, and provided parental consent and minor child assent were enrolled. Participating
students arrived at school for a health screening data collection having fasted since
midnight. Participants were asked at the beginning of the health screening when they last ate
to confirm fasting status. Participants who reported eating after midnight were considered
non-fasting and scheduled to return another day of the testing period. Blood was drawn and
processed on-site and shipped to the HEALTHY central blood laboratory (Northwest Lipid
Research Laboratories, University of Washington, Seattle).

Students provided sex, date of birth, and race/ethnicity by self report. Ethnicity (Hispanic
yes/no) and race (check all that apply) were asked as two separate questions with laminated
cards showing and defining choices. In general, once students had identified themselves as
Hispanic they did not respond to the follow-up question of race.

Physical measures and vital signs were collected by research assistants who had been trained
and certified according to study-wide standard criteria. Height and weight were measured
without shoes using the Prospective Enterprises PE-AIM-101 stadiometer and the SECA
Corporation Alpha 882 electronic scale, respectively. Body mass index (kg/m?2) was
calculated. BMI percentile by age and gender was determined using Centers for Disease
Control and Prevention 2000 criteria with BMI > 851 but < 95! percentile classified as
overweight and BMI = 95t percentile classified as obese. Blood pressure (BP) was
measured using an automatic inflatable digital blood pressure monitor (Omron HEM-907 or
HEM-907XL) three times, the first taken after the subject had been sitting quietly for at least
5 minutes and the second and third taken at 1 minute intervals. Appropriate cuff size was
selected according to manufacturer's specifications based on a single measurement of
student's upper arm circumference. Blood pressure was computed as the average of the
second and third measurements. Information about medications that could have affected
blood pressure was not collected. BP percentiles were determined using the National Heart
Lung and Blood Institute guidelines, adjusting for age, sex, and height percentilel®, and
classified according to the following ranges: normal (< 90t percentile), prehypertension
(90t"-94t percentile), hypertension (HTN) stage 1 (95"-99t™" percentile), and hypertension
stage 2 (> 991" percentile).

Abnormal lipid levels were defined using the following National Cholesterol Education
Program (NCEP) guidelines1®: total cholesterol borderline 4.4-5.1 mmol/L (170-199 mg/
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dL), elevated = 5.2 mmol/L (200 mg/dL); LDL cholesterol borderline 2.8-3.3 mmol/L

(110-129 mg/dL), elevated = 3.4 mmol/L (130 mg/dL); and HDL cholesterol low < 0.9
mmol/L (35 mg/dL). Because the NCEP criteria do not include a definition for elevated
triglycerides, a cut-off = 1.2 mmol/L (110 mg/dL) was used’’.

Statistical Methods

Results

Descriptive statistics including means, standard deviations, and percents were calculated for
all variables. Separate generalized linear mixed models (GLMM) that took into account
sources of variability both within and between schools were applied to test for effects.
Change from baseline to end of study was tested in models with the end of study value as
the dependent variable and the baseline value as a covariate. A series of models tested for
treatment effect, for sex-by-treatment interaction, and for race-by-treatment interaction in
the total sample and in the subgroup with BMI > 85t percentile at baseline. Tests of race/
ethnicity were limited to Hispanic, non-Hispanic Black, and non-Hispanic White, due to the
diminished numbers of other groups. Models testing the interaction of BMI percentile
category by treatment were also run in the total sample. Each variable in the interaction was
included in the model as a main effect. If the interaction was significant, pair-wise
comparisons of intervention versus control were performed for all levels of the other main
effect variable. P-values represent exploratory findings; < 0.05 is considered statistically
significant without adjustment for multiple comparisons. SAS 9.2 statistical software (SAS
Institute Inc, Cary, NC) was used for all statistical analyses.

Figure 1 is a consort diagram tracking participation. All 42 schools randomized remained in
the study. All 6! grade students were recruited unless they were already diagnosed with
diabetes or could not take part in regular physical education classes. The figure shows that,
of the 4603 students in the HEALTHY cohort, 4363 (95%) completed the assessment for
cardiovascular risk factors at both baseline and end of study. Comparison of this sample
versus cases with missing data showed no difference in distribution across intervention and
control groups, sex, race/ethnicity, and baseline BMI percentile. The analysis sample was
52.7% female, 54.5% Hispanic, 17.6% non-Hispanic Black, 19.4% non-Hispanic White, and
8.5% other racial/ethnic combinations, and 49.6% were overweight or obese (BMI > 85t
percentile) at baseline.

Table 1 presents the descriptive statistics by sex and treatment group. Overall, there were no
significant differences between intervention versus control either at baseline or end of study
for any of the CVD risk factors, whether measured on the original continuous scale or
categorized by cut-offs. Tests of treatment group effect in males versus females and across
BMI percentile categories were also not significant. Although CVD risk factors were more
common among children with BMI > 85™ percentile in general, the intervention showed no
disproportionate effect on the subgroup that was overweight or obese at baseline. While
there was no sex-by-treatment interaction, sex had a significant effect in the models,
indicating that these measures are inherently different for males and females. Systolic BP
was higher in boys than girls at both time points, while total, LDL, and HDL cholesterol
were higher in boys at baseline but were below that of girls at end of study.

Table 2 presents descriptive statistics by treatment group within each of the three major
categories of race/ethnicity. There was a significant interaction between treatment group and
race/ethnicity (p=.0088) across the four BP categories. The intervention produced a
significant decrease in the occurrence of hypertension and pre-hypertension in non-Hispanic
Black (p=0.0073) and non-Hispanic White youth (p=0.0370). Further analysis showed that
this only occurred in males.
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To further explore the race/ethnicity-by-gender differences, we examined the distribution
across BP categories for males by race/ethnicity and treatment group (see Table 3). In the
intervention schools, the proportion of Black males with pre-hypertension fell from 10.8%
in 6! grade to 6.4% in 8™ grade, while in the control schools it remained about the same
(11.7% and 11.0%, respectively). Furthermore, among Black males the prevalence of
hypertension (either stage 1 or 2) in intervention schools dropped from 13.8% to 8.3%,
while in the control schools it increased from 10.4% to 18.6%. The major finding among
White males was a reduction in the occurrence of hypertension, which dropped from 11.5%
to 6.5% in intervention schools, versus 12.6% to 10.8% in control schools. There was no
significant effect of intervention on change in BP in Hispanic youth.

Discussion

We present data from a large cohort of multi-ethnic middle-school children enrolled in a
school-based primary prevention trial of risk factors for type 2 diabetes. A multi-component
integrated intervention program did not significantly reduce CVD risk factors in the overall
sample. There was evidence of an intervention effect on the percentage of non-Hispanic
Black and White subjects with hypertension. In particular, the percentage with hypertension
was reduced among Black and White males, who bear a disproportionate burden from CVD
in adulthood18,

Childhood hypertension has been demonstrated to track into adulthood? and to increase the
risk of premature death by 57%%°. Hypertension in adults is considered the most significant
CVD risk factor worldwide, contributing to one-half of the coronary artery disease and
approximately two-thirds of the cerebrovascular disease2°. Similar to trends in adults, the
prevalence of hypertension in middle school children is significantly higher in males than in
females21:22, Qur baseline data from the HEALTHY cohort confirm the increased
prevalence of hypertension in young males?2, and suggest that lifestyle-based interventions
to reduce BP might effectively target the early adolescent male population.

In terms of race, national health survey data over the last two decades have shown the
highest prevalence?3 and steepest secular rise24 in hypertension is among Black youth
(especially males). The HEALTHY intervention program had a beneficial effect on BP in
the Black male subgroup. A previous school-based intervention that produced significant
changes in diet, exercise, and health knowledge failed to show significant change in BP”.

Studies have shown that abnormal lipid levels in childhood may persist into adulthood,
placing an individual at increased risk for CVD25, The tabled values show change in lipid
levels from 6t to 8t grades by various subgroups, but we found no significant intervention
effect. Lipid profiles change considerably with normal growth and maturation, with age-
specific values for mean total cholesterol peaking at about 11 years of age and declining
thereafter3. The lack of statistically significant difference between intervention and control
groups could be attributed to modest effects of the intervention being dominated by
developmental fluctuations in our middle-school sample.

Weight gain even within the normal BMI range increases risk of CVD?2%, whereas weight
loss can substantially reduce it. It is known that crossing BMI thresholds toward obesity is
associated with increases in cytokines and bioactive mediators that adversely affect
cardiovascular health?”. Adipose tissue is now recognized as an active endocrine and
paracrine organ that dynamically affects the atherosclerotic process?8. The HEALTHY
intervention program was able to reduce the percentage of obese (BMI > 95t percentile)
youth, as well as other traits (namely, waist circumference and fasting insulin) which co-
migrate with CVD in adults.
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The breadth of this study is a salient strength, as it represents a large sample of racially and
ethnically diverse students from across the United States. Other school-based interventions
have involved less than 1500 students within limited geographic regions®-¢. Moreover, the
HEALTHY intervention program is unique in scope, representing an extensive and all-
encompassing attempt to change aspects of the school nutrition, physical education,
promotional, and educational environments. We were able to implement this multi-faceted
HEALTHY intervention in a relevant, at-risk population with high levels of fidelity®.

A number of limitations are acknowledged. About half of the student participants were in
the overweight and obese categories at baseline. As a prevention strategy, it may have been
more effective to focus our intervention on an at-risk, predominantly non-obese population
of elementary school age children. Such an approach is supported by the concept of the
period of “adiposity rebound’ as a critical phase in the development of obesity2°. Also,
students spend one-third of the day in school, which leaves them exposed to numerous other
environments in the other two-thirds. The HEALTHY intervention undertook limited
attempts to influence the students’ non-school milieu, including a newsletter sent to families
providing information about healthy lifestyle routines and first-person testimony from peers
about successes and failures. Families also received materials and education supporting
maintenance of a healthy lifestyle during holiday and summer breaks. Parental involvement
and compliance with healthy habits were not evaluated. Given the nature of the design as a
population-based field trial with limited access to conduct detailed data collection in
individual students (compared to a clinical trial environment), we were not able to collect
reliable information on relevant diagnoses and treatments, such as high blood pressure and
abnormal lipid values. We present the data classified by cut-off values but do not claim that
these represent diagnoses.

Due to the integrated nature of the HEALTHY intervention program, with all parts targeting
delivery and support of a common theme, it is not possible to determine the individual
contribution of each component to the reduction in BP observed in our subjects. The
physical education component targeted an increase in the time spent in moderate-to-vigorous
physical activity during PE class. A reduction in systemic BP was observed in a recent study
evaluating the effects of a more regimented exercise program on at-risk children30. While
none of the HEALTHY nutrition goals were directly focused on decreasing sodium intake, a
number of strategies (like reducing snack portion sizes and the consumption of water in
place of fruit juices and sugared sodas) may have indirectly reduced sodium intake.
However, we did not monitor sodium intake in our subjects, so we are unable to evaluate
further.

In conclusion, while the HEALTHY intervention program did not achieve the primary
objective of reducing rates of overweight/obesity® and did not have a meaningful effect on
other CVD risk factors in the total sample, the impact on blood pressure in males is notable.
Given that hypertension is considered the most important CVD risk factor worldwide20, the
HEALTHY study findings suggest that specific subgroups may substantially benefit from
exposure to such programs in middle school years and perhaps prevent the development of
risk factors that culminate in serious cardiovascular events during adulthood. The challenge
for future public health research and intervention efforts like HEALTHY may be to devise
strategies to target high-risk subgroups without being charged with stereotyping,
discrimination, or stigmatization.
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Randomized to intervention
21 middle schools with a total of
5571 6™ grade students

Randomized to control
21 middle schools with a total of
5587 6™ grade students

'

!

Student disposition to end of 8" grade
2266 refused to participate
23 withdrew
83 no-shows for data collection
37 had invalid primary outcome data*
855 transferred

Student disposition to end of 8" grade
2319 refused to participate
21 withdrew
75 no-shows for data collection
25 had invalid primary outcome data*
851 transferred

'

!

Primary outcome analysis
21 middle schools
2307 students

Primary outcome analysis
21 middle schools
2296 students

'

!

122 missing CVD outcome data

118 missing CVD outcome data

!

!

CVD secondary outcome analysis
21 middle schools
2185 students

CVD secondary outcome analysis
21 middle schools
2178 students

* unable to accurately measure height or weight, e.g., pregnant, cast or other impediment

Figure 1.

Consort Diagram for Analysis of CVD Secondary Outcome Data
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