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rogram Improves Weight and Blood Pressure in
- to 13-Year-Olds
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BSTRACT
hildhood obesity and related health consequences con-

inue to be major clinical and public health issues in the
nited States. Schools provide an opportunity to imple-
ent obesity prevention strategies to large and diverse

ediatric audiences. Healthier Options for Public School-
hildren was a quasiexperimental elementary school-
ased obesity prevention intervention targeting ethni-
ally diverse 6- to 13-year-olds (kindergarten through
ixth grade). Over 2 school years (August 2004 to June
006), five elementary schools (four intervention, one con-
rol, N�2,494, 48% Hispanic) in Osceola County, FL,
articipated in the study. Intervention components in-
luded integrated and replicable nutrition, physical activ-
ty, and lifestyle educational curricula matched to state
urricula standards; modified school meals, including nu-
rient-dense items, created by registered dietitians; and
arent and staff educational components. Demographic,
nthropometric, and blood pressure data were collected
t baseline and at three time points over 2 years. Re-
eated measures analysis showed significantly decreased
iastolic blood pressure in girls in the intervention group
ompared to controls (P�0.05). Systolic blood pressure
ecreased significantly for girls in the intervention group
ompared to controls during Year 1 (fall 2004 to fall 2005)
P�0.05); while not statistically significant the second
ear, the trend continued through Year 2. Overall
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eight z scores and body mass index z scores decreased
ignificantly for girls in the intervention group com-
ared to controls (P�0.05 and P�0.01, respectively).
chool-based prevention interventions, including nu-
rition and physical activity components, show promise
n improving health, particularly among girls. If
ealthy weight and blood pressure can be maintained

rom an early age, cardiovascular disease in early
dulthood may be prevented.
Am Diet Assoc. 2010;110:261-267.

he prevalence of obesity remains high among all age
and racial groups in the United States, with a dis-
proportionate rise among African Americans and

ispanic/Mexican Americans (1-3). Because obesity and
elated chronic disease risk factors are relatively stable
haracteristics that track from childhood into adulthood
4-10), the identification of children and adolescents with
levated risk factors is of great interest from both clinical
nd public health standpoints. Childhood weight gain,
ven among children considered in the normal weight
ategory, is strongly associated with risk of future cardio-
ascular disease (11,12). In addition, childhood obesity
an lead to neurologic, endocrine, cardiovascular, pulmo-
ary, gastrointestinal, renal, and musculoskeletal com-
lications (13), and children with overweight and obesity
re more likely to have low self-esteem, higher rates of
nxiety disorders, depression, and other psychopathol-
gy, which in turn may affect academic performance
14-17).

The etiology of the childhood obesity epidemic is
volving and multifaceted. Sedentary lifestyles, includ-
ng television viewing and computer use, as well as
dvertisements aimed at children promoting energy-
ense, lower-nutrient foods, socialize children into un-
ealthful lifestyle habits that follow into adulthood
18,19). Recommendations for daily physical activity at
chool and strong nutrition education curricula often are
ot followed because they are perceived to supplant time
nd resources allotted for core subjects (20,21). The Cen-
ers for Disease Control and Prevention reported that of
igh school students in Florida, 79% ate fewer than five
ervings of fruits and vegetables per day during a 7-day
eriod; 88% drank fewer than three glasses of milk per
ay during a 7-day period; 39% participated in insuffi-
ient vigorous physical activity (vigorous physical activity
or �20 minutes on at least 3 of 7 days); 78% participated

n insufficient moderate physical activity (moderate phys-
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cal activity for �30 minutes on at least 5 of 7 days); and
4% were not enrolled in physical education (22).
Schools can play a crucial role in improving the health

f children. Because children generally attend school 5
ays per week during 9 months of the school year, and
chools in the United States are located in communities of
very socioeconomic and racial/ethnic group, they provide
deal locales for interventions. Also, school-age children,
articularly those from low-income backgrounds who par-
icipate in the US Department of Agriculture (USDA)
ational School Lunch Program (NSLP) and the School
reakfast Program, receive a substantial proportion of

heir daily nutrient requirements at school, often result-
ng in as much as 51% of daily energy intake (23).

Healthier Options for Public Schoolchildren (HOPS)
as designed to pilot test a school-based obesity preven-

ion intervention with nutrition and physical activity
omponents, targeting a large, multiethnic population of
- to 13-year-olds. The overall goal was to improve overall
ealth status (body mass index [BMI] percentile and
lood pressure) and academic achievement using strate-
ies that can be replicated and integrated in other public
chool settings. The hypothesis was that the intervention
ould improve diastolic and systolic blood pressure and
aintain healthy weight/BMI percentiles in intervention

articipants vs a control group.

ETHODS
tudy Design
he pilot quasi-experimental design study described here
as implemented over 2 school years (2004-2005 and
005-2006) and included 2,494 children (48% Hispanic)
ttending five elementary schools in Osceola County in
entral Florida. All schools had similar demographic and
ocioeconomic characteristics of the student body and
ere chosen from a sample of convenience. Schools were
ssigned to one of four intervention schools or one control
chool by district administration but were not random-
zed.

The Sterling Institutional Review Board, Atlanta, GA,
pproved the study. Letters were sent home to all parents
t all schools. Parents signed their signature on review
oard–approved letters, on behalf of their minor children,
f they did not want them to participate.

ntervention
OPS included an integrated, replicable set of interven-

ions: provision of nutritious ingredients and whole foods
acquired via existing public school food distribution
etworks implementing USDA NSLP) in breakfasts,

unches, and extended day snacks, which modeled nutri-
ion education in the classrooms; the incorporation of a
olistic curricula that taught children, parents, and
chool staff about good nutrition, healthful lifestyle man-
gement, and increased levels of physical activity; and
he implementation of other school-based wellness activ-
ties such as fruit and vegetable gardens.

ietary Component
he dietary intervention consisted of rigorous modifica-

ions to school-provided breakfasts, lunches, and ex- j

62 February 2010 Volume 110 Number 2
ended-day snacks in all intervention schools. Menus
ere modified to include more high-fiber items, such as
hole grains, fresh fruits, and vegetables; fewer items
ith high-glycemic effects, such as high-sugar cereals
nd processed flour bakery goods; and lower amounts of
otal, saturated, and trans fats, thus modeling the nutri-
ion messages being shared in classrooms reflecting the
ore tenets of the Dietary Guidelines for Americans (24),
nd in compliance with USDA NSLP guidelines (25).
ccordingly, the majority of changes to intervention
enus resulted from the substitution of more healthful

ngredients for less healthful ingredients, rather than an
utright ban on “child-friendly” food items. For example,
hole-grain flour–coated chicken patties were served in-

tead of processed white-flour–coated patties; reduced-fat
airy products, including USDA Foods (also known as
SDA Commodities), instead of whole-milk (higher fat)
roducts. Menu modifications, created under the direc-
ion of a registered dietitian (RD), provided an especially
mportant intervention whereby good eating practices be-
ng taught in the classrooms were modeled every day in
chool-provided meals. Study staff, including an RD,
orked closely with the USDA Food and Nutrition Ser-
ice, and school administration and cafeteria staff, to
nsure intervention fidelity. Nutrition analyses of break-
ast and lunch menus showed intervention menus, on
verage, contained approximately two times more fiber
nd 23% less fat than control menus (26-28).

urricula Component
he curricula component consisted of a school-based ho-

istic nutrition and healthful lifestyle management pro-
ram for children and adults. The program included cur-
icula and other school-based wellness projects to teach
hildren, their parents, teachers, and staff about good
utrition and the benefits of daily physical activity. The
rimary goal was to improve the health and academic
chievement of children in a replicable and sustainable
anner. Replication and sustainability were assisted by

ncorporating USDA Team Nutrition materials, available
o schools throughout the United States, as well as The
rganWise Guys (OWG) (29) materials that are used by
any USDA County Extension Agents in the United
tates, many of whom are RDs who manage paraprofes-
ionals conducting nutrition education in low-income
chools every day.
The curricula included a thematic set of nutrition edu-

ational activities developed by HOPS staff (including an
D) in collaboration with elementary school education
xperts and USDA Food and Nutrition Service staff. Each
onth, a multimedia set of materials highlighting espe-

ially nutrient-dense foods and healthful lifestyle habits
ere sent to intervention schools, including Foods of the
onth (FoM) posters, tips for FoM tastings, FoM parent

ewsletter inserts, FoM activity packets, healthful life-
tyle handouts, school gardening instructions, and other
aterials aligned with special programming such as Na-

ional Heart Health Month, National Nutrition Month,
nd National School Breakfast and Lunch Weeks. This
urriculum now is disseminated by The OrganWise Guys,
nc (Duluth, GA).

In addition to the monthly educational programming

ust described, each intervention school received an OWG
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it. The OWG curriculum brings together nutrition, phys-
cal activity, and other lifestyle behavior messages to help
hildren understand the importance of making healthful
ifestyle choices and motivate them to make these
hanges in their lives. In previous studies, OWG pro-
ramming showed improvements in body mass index per-
entiles of OWG participants, as well as evidence that
arents increasingly are engaged in their children’s nu-
rition and healthful food choices (30). The OWG kit in-
ludes print (books and posters) and electronic media
aterials (videos and internet activities), as well as

chool assembly materials and a physical activity pro-
ram (eg, OWG WISERCISE [29]).
Fruit and vegetable gardens at intervention schools

rovided a fun and creative component of the interven-
ion. The goal of the garden component was to teach
hildren how the nutritious fruits and vegetables served
n their school cafeterias, their homes, and in restaurants
re grown, cultivated, and harvested. Sustainability was
ssisted by USDA Master Gardeners, who are part of the
ooperative Extension in each county. Master Gardeners
ssist communities with gardening activities, including
ducation about planting gardens, pest management, and
eneral garden maintenance. Each Master Gardener
ust perform volunteer service hours to maintain Master
ardener Status, which provides an ongoing technical
ssistance resource for schools growing fruit and vegeta-
le gardens.

hysical Activity Component
he physical activity component consisted of increased
pportunities for physical activity during the school day
n ways that were feasible within the constraints of test-
ng mandates. In Florida, buy-in for allocating more time
or physical activity was difficult until the governor man-
ated 150 minutes of physical activity, per week, for
lementary schoolchildren, which was not passed until
all 2007. Thus, the amount and types of physical activity
aried among intervention schools throughout the study.
uring Year 2, students were provided pedometers and
WG tracking books to track the number of steps they

ook each day. However, the pedometers broke easily, and
tudents often lost them. Therefore, although a previous
tudy showed the OWG pedometer program was useful in
ncreasing daily physical activity of children participat-
ng in the program by approximately 1,000 more steps per
ay as compared to nonparticipants (31), the use of pe-
ometers in the HOPS program was discontinued. In-
tead, schools were encouraged to implement daily phys-
cal activity in the classroom using a 10- to 15-minute
eskside physical activity program (WISERCISE [29]
nd/or TAKE10! [32]) during regular teaching time.
hese deskside physical activities are matched with core
cademic areas such as spelling and math to encourage
doption of daily physical activity in addition to recess
nd physical education time. Schools also were asked to
mplement structured physical activity during recess
ime, as much as possible. Other physical activities, such
s walking clubs, encouraged children and adults to walk

efore the start of each school day. 8
ATA ANALYSIS
emographic information including date of birth, sex,
rade, and race/ethnicity were collected by school study
oordinators at baseline (fall 2004) and each fall and
pring of the study years (2004-2006) for consistency and
nternal validity. Anthropometric data, collected at the
ame time as demographic data, included height (by sta-
iometer: Seca 214 Road Rod Portable Stadiometer, Seca
orth America East, Hanover, MD) and weight (by bal-
nce scale: LifeSource 321 Scale, A&D Medical, San Jose,
A), which were used to create an age and sex-specific
MI (calculated as kg/m2) percentile. Participants re-
oved their shoes, heavy outer clothing, and emptied

heir pockets before being measured by trained school
tudy staff. BMI percentiles and weight measures were
onverted to z scores based on normative data for age and
ex (33). Systolic blood pressure, diastolic blood pressure,
nd pulse were measured using Welch Allyn Spot Vital
igns (Welch Allyn Inc, Skaneateles, NY) automated
easurement machines at the same time all other data
ere collected each fall and spring.

rocedures
ecause the unit of analysis for this pilot study is a
chool, rather than individual-level data, cluster random-
zation was taken into account. With cluster randomiza-
ion, the mean response under each experimental condi-
ion is subject to two sources of variation: cluster to
luster and across individuals within a cluster. Approach-
ng the analytical plan from an individual-level only,
ather than a cluster-level, would not take into account
he between-cluster variation and can cause an inflation
f type I errors where any intervention effect may become
onfounded with the natural cluster-to-cluster variabil-
ty. Although this trial did not include a large number of
chools to conduct a robust cluster analysis, a two-stage
pproach was incorporated as described below.
irst Stage: Individual Level. In this first stage, all individ-
al-level covariates to derive school-specific means that
re adjusted for individual-level covariates were ana-
yzed.
econd Stage: School Level. In the second stage, school-
pecific means and covariates adjusted for school site
ere analyzed to evaluate intervention effects. Univari-
te analysis consisted of simple frequency statistics for
ll demographic variables. We performed �2 analyses to
est for associations between intervention condition and
emographic characteristics. Repeated measures analy-
is tested for changes in trends over time (the 2-year
tudy period or four points in time) in BMI percentile,
eight, and blood pressure. P value was significant if
0.05. All tests were two-tailed. The Statistical Analysis
oftware (version 9.1.3, 2005, SAS Institute Inc, Cary,
C) and Statistical Package for the Social Sciences (ver-

ion 15, 2006, SPSS Inc, Chicago, IL) were used in the
nalyses.

ESULTS
he study sample included 2,494 children. Almost one
alf (48%) of the study sample was Hispanic, 36% white,

% African-American, and 8% other (multiethnic, Asian,
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merican Indian). The average age was 8 years (range 6
o 13 years) and 51% were girls. Ethnicity by specific
chool site is described in Table 1. There were no signif-
cant differences by ethnicity or baseline BMI percentile
etween treatment arms.
Overall BMI z score and weight z score decreased sig-

ificantly for girls in the intervention group compared to
ontrols (P�0.05 and P�0.01, respectively) over the
-year study period. Specifically, the girls in the interven-
ion group decreased their mean BMI z score from 0.57 in
all 2004 to 0.54 in spring 2006, although there were no
hanges in girls in the control schools over the same time
eriod (0.78 for both time points). With respect to weight
score, HOPS girls experienced statistically significant

eductions. The mean weight z score for girls decreased
rom 0.56 in fall 2004 to 0.51 in spring 2006, whereas the
ean weight z score for girls in the control schools de-

reased from 0.71 in fall 2004 to 0.68 over the same time
eriod. No significant change was noted in BMI z scores
mong boys, but the mean BMI z score for boys in the
ntervention group decreased slightly over the 2-year study
eriod from 0.73 to 0.72, whereas mean BMI z scores in-
reased from 0.77 to 0.87 for the boys in the control schools
ver the same time period. This trend was also seen for
eight z scores among boys (Table 2).
Among girls in the intervention schools, systolic blood

ressure decreased from 100.07 mm Hg at baseline (fall
004) to 98.3 mm Hg by fall 2005, and ended at 98.5 mm
g in spring 2006 (P�0.03 for fall 2004 to fall 2005, not

ignificant difference for overall difference). Girls in con-
rol schools saw a very slight rise in systolic blood pres-
ure during the 2-year study period. There was a signif-
cant difference by treatment group in the change in
ystolic blood pressure for the first year of the study
P�0.05); the intervention group decreased whereas the
ontrol group increased systolic blood pressure (Table 2).
here were no significant changes in systolic blood pres-
ure noted for boys during the 2-year study period in the
ntervention vs control groups.

During the 2-year study period, repeated measures
nalysis showed a significant decrease in diastolic
lood pressure in intervention group girls compared to
hose in the control group (P�0.05). Mean diastolic
lood pressure decreased from 61.30 mm Hg to 59.55
m Hg in intervention schools vs virtually no change

n the control school (60.59 mm Hg and 60.63 mm Hg,

Table 1. Baseline ethnic distribution of Healthier Options for Public

Condition

White
African

American

n % n %

School 1 (Intervention) 79 25.82 19 6.
School 2 (Intervention) 171 34.90 36 7.
School 3 (Intervention) 250 40.92 31 5.
School 4 (Intervention) 188 30.23 79 12.
Totals for intervention schools 688 33.91 165 8.
School 5 (Control) 198 42.58 29 6.
Totals 886 35.53 194 7.
espectively.) No significant changes in diastolic blood s

64 February 2010 Volume 110 Number 2
ressure by intervention or control schools were noted
mong boys (Table 2).

ISCUSSION
his longitudinal analysis of a school-based obesity pre-
ention intervention among elementary school–aged chil-
ren showed significant decreases in weight and blood
ressure among girls during a 2-year study period among
hose in the intervention vs control schools. Although no
ignificant differences were noted among boys, they
rended in the same direction with improvements in
eight and blood pressure in intervention vs control

chools. This study shows that schools may be an effec-
ive environment in which to implement strategies to
ower or modify weight and its associated health risks.
his is particularly encouraging given that the majority
f children in the United States attend school and, thus,
ntervention exposure can be maximized.

To date, evidence regarding efficacy of school-based
besity interventions for health promotion and weight
ontrol is limited (34). The Child and Adolescent Trial for
ardiovascular Health, a National Heart, Lung, and
lood Institute–sponsored multicenter, school-based in-

ervention study promoting healthful eating, physical ac-
ivity, and tobacco nonuse by elementary school students,
s probably the most widely known school-based interven-
ion program (1991-1994, with 3-year follow-up) (35). The
rimary physiologic goal was to reduce serum total cho-
esterol levels. Behavioral goals included reduction of di-
tary fat (total and saturated) and sodium intake, in-
reased physical activity, and prevention of the onset of
moking. Overall, there were no statistically significant
hanges in body size/weight measures, blood pressure, or
erum lipid levels in the intervention group compared
ith the control group (36,37), unlike our study that did
nd significant differences in blood pressure and weight.
owever, similar to other studies, different risk factor
atterns for boys and girls were noted (36,37). Different
esults from previous studies in ethnic group differences
ere also noted. Specifically, the El Paso Child and Ado-

escent Trial for Cardiovascular Health study, which in-
luded four intervention and four control Title 1 (low-
ncome) primarily Hispanic schools, reported slowing the
ncrease in risk of overweight or overweight in interven-
ion children compared to controls (38). But unlike our

olchildren study children by intervention condition (N�2,494)

Hispanic Other Total No. of Children

n % n % n

181 59.15 27 8.82 306
233 47.55 50 10.20 490
298 48.77 32 5.24 611
297 47.75 58 9.32 622

1009 49.73 167 8.23 2,029
199 42.80 39 8.39 465

1208 48.44 206 8.26 2,494
Scho

21
35
07
70
13
24
tudy, which also included schools with a predominant
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ispanic student body, the El Paso Child and Adolescent
rial for Cardiovascular Health study did not result in
ecreases in weight measures during the study period.
During a 2-year period, analyses of our study results

howed significant decreases in both weight and diastolic
lood pressure in girls in the intervention group vs con-
rols. This may indicate that diastolic blood pressure is
ore correlated with weight than systolic blood pressure.
lthough similar trends in systolic blood pressure were
oted, they were only significant for the first year among
irls, and only modestly so. Conversely, previous research
as shown a high correlation between systolic blood pres-
ure and weight by measures of BMI and waist circum-
erence (39-42).

trengths
he strengths of this pilot study are the large sample size

�2,500 children), the diversity of the sample, the use of
bjective measures of health improvement (BMI z scores
hat appear to correlate well with blood pressure mea-
urements), and multiple measures of the same group of
hildren over an extended time period (2 years). Cer-
ainly, these pilot data argue for a large-scale, random-
zed, multicenter study similar to that presented here.

imitations
ome limitations of this research are worth noting. First,
OPS was a school-based prevention intervention. As

uch, researchers could not control eating nor exercise
utside of school. Similarly, there are concerns about lack
f study control over eating and physical activity during
xtended periods of out-of-school time (holidays and sum-
er vacation). Because children in this study appeared to

ncrease their BMI z scores during summer break (43,44),
onsistent implementation of interventions was not pos-
ible. However, it is worth pointing out that despite these
imitations regarding control of out-of-school eating and
xercise, intervention children improved their overall
eight and blood pressure measures during the 2-year

ntervention, particularly girls. Second, despite the use of
imple-to-use blood pressure measurement equipment
nd training on measurement technique before each data
ollection period, the measurements were taken by study
oordinators in nonclinical settings; thus, measurement
ay be susceptible to some errors. In addition, despite

tandardized approaches to measuring blood pressure
our times during the 2 years, study findings are suscep-
ible to error from measurement and from variation in
lood pressure between measurement periods. However,
he longitudinal nature of data collection and the large
ample size have assisted in overcoming this limitation.
hird, the study population was not selected at random,
as of limited geographic variability (one school district),
nd only one school served as control. Last, although
OPS involved nutrition and healthful lifestyle curricula
nd physical activity components, the design did not in-
lude assessment of intervention exposures (eg, minutes
urriculum used).

ONCLUSIONS
chool-based obesity prevention interventions that in-
clude changes to school-provided meals, nutrition and
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ealthful lifestyle education, and physical activity com-
onents show promise in improving health, particularly
mong elementary-school aged girls. School-based RDs
re critical to ensuring successful prevention program-
ing with respect to both dietary modification and nutri-

ion curricula interventions. This pilot study suggests a
orrelation between weight/BMI percentile reduction and
iastolic blood pressure improvements in children. If
ealthy weight and blood pressure can be maintained
rom an early age via prevention programs such as
OPS, children may be less likely to develop cardiovas-

ular disease in early adulthood.
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