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ABSTRACT
BACKGROUND: The effectiveness of school-based physical activity interventions for improving cardiopulmonary fitness (CPF)
of overweight and obese children is not well established. In this study, we evaluated whether overweight and obese children had
similar changes in body mass index (BMI) and CPF as normal weight children after participating in a program for one academic
year.

METHODS: Using purposive sampling at the school level, we selected 16 program and 7 control schools in a large
metropolitan area in the Southeast during the 2015-2016 academic year. In these schools, 3396 fourth-graders participated with
parental consent. Of these, 2332 (68.7%) participated in BMI measures and 1780 (52.4%) in Progressive Aerobic Cardiovascular
Endurance Run (PACER) measures for CPF at two time points.

RESULTS: Students of all weight statuses pre-program did not show changes in BMI after program implementation. All
students showed statistically significant improvements in the PACER test at follow-up, regardless of their participation in the
program. However, overweight and obese children showed less improvement in CPF level than their normal weight classmates,
regardless of their participation in the program.

CONCLUSION: Special attention for improving engagements of overweight and obese children may be needed to achieve
improvements in their CPF level similar to that of normal weight students.
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In 2015-2016, 18.4% of children aged 6-11 years
old in the United States were obese.1 Obesity is

an independent risk factor for cardiovascular diseases
and is associated with hypertension, dyslipidemia,
and insulin resistance in both children and adults.2-7

However, good cardiopulmonary fitness has been
shown to keep obese people metabolically healthy
and decrease their risk of developing cardiovascular
diseases.8-17

Physical activity can improve cardiopulmonary
fitness.18 Studies show that physical activity is
associated with lower odds of children being metabol-
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ically unhealthy.19-22 Other studies reported a dose-
response relationship between physical activity and
health, indicating that the more physical activity, the
greater the health benefit.23 For school-aged chil-
dren, evidence suggests that moderate-to-vigorous or
vigorous physical activity during physical education
(PE) classes increased after PE-based physical activ-
ity interventions.24-28 However, several studies report
that cardiopulmonary fitness does not improve after
interventions despite increases in physical activity
levels.29-32 Because most school-based physical activity
programs do not measure changes in cardiopulmonary
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fitness after implementing a program,33 more stud-
ies with objective cardiopulmonary fitness measures
are needed to interpret the benefits of school-based
physical activity programs accurately.

Baseline weight status is a significant predictor
of future weight and can affect changes in body
composition and cardiopulmonary fitness after an
intervention.34,35 Overweight and obese children
are less physically fit and have lower gross motor
coordination compared to normal weight children.36,37

Functional limitations associated with obesity can
aggravate inactivity and sedentary lifestyle, generating
a vicious cycle for children who are experiencing
obesity.34,38 Therefore, the result of a program should
be examined separately for different baseline weight
statuses,39 so that the effectiveness of the program for
the overweight and obese population is not obscured
by the results of their normal weight peers.

In this study, we evaluated whether overweight and
obese children had similar changes (or no changes) in
body mass index (BMI) and cardiopulmonary fitness as
normal weight children after participating in a school-
based physical activity program for one academic year.

METHODS

Study Design and Participants
A not-for-profit organization implemented a school-

based program that was designed following the
guidelines established by the US Centers for Disease
Control and Prevention (CDC) to promote physical
activity in schools.40 The program aimed to train
teachers (both PE and non-PE teachers) and school
staff to integrate 30 additional minutes of physical
activity per day during school hours. Main components
of the program included establishing a School
Health Team, implementing training for teachers,
and providing resources for schools and teachers.
The School Health Team composed of three staff
members: one PE teacher, one fourth-grade teacher,
and one other school staff member. Teachers did not
receive any stipend. Fourth-grade teachers and PE
teachers at each school were trained to collect data on
participating students.

The program delivered three training sessions
(one face-to-face training, and two face-to-face or
virtual training). Contents of the training included
strategies on incorporating additional physical activity
into classrooms and increasing moderate-to-vigorous
physical activity during PE hours. Resources for schools
and teachers were information videos and sports
equipment.

In the 2015-2016 academic year, the program was
implemented in 28 public schools using a voluntary
convenience sampling (non-randomized) in three
districts of a large metropolitan area in the Southeast.
PE teachers at all public schools in these districts

were contacted for recruitment. Participation benefited
schools with resources mentioned above that did not
incur any cost to each school. Seven schools were
added 3 months after program implementation to
serve as comparisons (‘‘control schools’’). In control
schools, teachers were asked not to change any
programming in their classrooms but were asked to
collect the same data as program schools. They received
a stipend ($200) for their effort in data collection
because no program resources were provided to
their students. Fourth-grade teachers obtained signed
consent forms from the parents of the students; 3396
fourth-graders (approximately 80% of total enrolled
fourth-graders in program and control schools) agreed
to participate.

Data Sources
Progressive aerobic cardiovascular endurance run

(PACER) test and BMI. The PACER test is part of
the FITNESSGRAM assessment41 and is a measure of
cardiopulmonary fitness. The PACER test is a multi-
stage aerobic test adapted from the 20-m shuttle run
test; aerobic capacity is predicted from the number of
laps completed during the test.42-44 The goal of the
PACER test is to run for as long as possible. When
laboratory-based testing is not practical, the PACER
test has been validated to be a useful estimation of
aerobic capacity.45

Parents reported age and sex of the students
at the beginning of the study. Each student’s
PACER test results and height and weight (also
part of FITNESSGRAM assessment) were recorded
at the beginning of the study to serve as baseline
measurements for program assessments. Baseline
information was obtained in October 2015 for students
in program schools, and in January 2016 for students
in control schools. After-program measurements were
obtained in May 2016 for students in both program
and control schools. Height in centimeters and weight
in kilograms were measured by teachers once at each
time point using a fixed measuring stick and a flat
digital scale, respectively.

Race, ethnicity, and socioeconomic status informa-
tion was not collected about the participating students.
We obtained 2016 information from the Department
of Education on race and ethnic composition of the
student body at each school and the proportion of stu-
dents participating in the free and reduced-price lunch
(FRL) program.

Data Measures
We used the height and weight data measured by

teachers to create BMI z-scores using the school-aged
children World Health Organization (WHO) reference.
Weight status was classified as underweight (SD for
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BMI z-scores <−2.0), normal weight (−2.0 ≤ BMI z-
scores < 1.0), overweight (1.0 ≤ BMI z-scores < 2.0),
and obese (BMI z-scores ≥ 2.0).46,47

We created an indicator of ‘‘changes in raw BMI,’’
which would be used as a primary outcome variable.
Raw BMI was used because BMI z-scores would
have underestimated individual changes in children
who were very obese.48 The BMI at follow-up was
subtracted from the BMI at baseline for each student,
and the difference was treated as continuous.

We created an indicator of ‘‘changes in the PACER
test,’’ which would also be used as a primary outcome
variable. The number of laps (distance) at follow-up
was subtracted from the number of laps at baseline
for each student, and the difference was treated as
continuous.

Additional measures were created to account for the
difference in follow-up period between program and
control schools. These were ‘‘average monthly changes
in raw BMI’’ and ‘‘average monthly changes in PACER
test.’’ Average monthly changes were calculated by
dividing the ‘‘changes in raw BMI’’ and ‘‘changes
in the PACER test’’ by 7 (months of follow-up)
for program school students and by 4 (months of
follow-up) for control school students. Control school
students had higher median levels of PACER test at
baseline than program school students, likely due to
their baseline measurements taking place after PE
classes have begun. Therefore, PACER test at baseline
was treated as a control variable in models examining
the ‘‘changes in PACER test’’ and ‘‘average monthly
changes in PACER.’’

In multivariable models, we used student sex as a
covariate. We also constructed an indicator of the
most prevalence race/ethnic group at each school
as a covariate (coded as non-Hispanic white, non-
Hispanic black, and Hispanic). The other covariate
was proportion of students at the school receiving
free- or reduced-price lunch (FRL), categorized as
≥50% of students versus <50%. Age and sex were
not significant predictors of changes in BMI and
PACER test scores. Because ‘‘proportion of FRL
program participants’’ and ‘‘school race/ethnicity’’
were correlated with each other (chi-square test of
independence p < .01), adjusted models were analyzed
separately, one with the school FRL covariates, and
another with school race/ethnicity covariates.

Data Analysis
We excluded students with missing baseline age,

height, or weight information (N = 658) (Figure 1).
We then excluded additional 406 students who had
implausible values (eg, age or height decreased at
follow-up). The final sample size was 2332 for the
BMI analysis and 1780 for the PACER analysis.

Frequencies and chi-square test were used for
categorical variables. For continuous variables, means

and pooled t test or median and Mann-Whitney test
were used, as appropriate. Multiple linear regression
models were fit, and the interaction terms between
pre-program weight status and program status were
assessed for each outcome. Robust standard errors
were reported to account for the clustering of students
in each school. Statistical analysis was performed using
SAS (version 9.4, Cary, NC), with p < .05 regarded as
statistically significant.

Missing Data
We examined differences between students with

and without missing or implausible measures. Partic-
ipants with missing or implausible values were less
likely to attend white-prevalent schools (2.4% vs.
22.6%, p < .01), and less likely to attend high-FRL
schools (31.0% vs. 78.2%, p < .01). Students in the
program schools were more likely to have missing
values than those in the control schools (p < .01).
No differences were noted in the percentage of male
students (p > .05). Of the 2332 students with BMI
measures, 552 (23.7%) did not complete PACER mea-
sures. However, missing PACER measurements did
not vary by weight and children with overweight and
obesity were not less likely to participate in PACER
measures (p > .05).

RESULTS

There were no differences in proportion of male
students between program and control schools (53.4%
and 50.6%, respectively) (Table 1). Students in the
program group were more likely to attend Hispanic
prevalent schools (p < .01) and more likely to attend
schools with a high proportion of students receiving
FRL (p < .01), than students in the control group.

In the program schools, 29.3% (N = 493) of the
students were overweight and 12.6% (N = 212) were
obese. In the control schools, 32.8% (N = 213) of
the students were overweight and 13.2% (N = 86)
were obese. The proportions of overweight and obese
children were similar between students in program
and control schools (p > .05). Median raw BMI and
BMI z-scores were also similar.

Baseline median PACER score was 18.0 laps
among program school students and 24.0 laps among
control school students; control school students had
higher median levels of PACER test at baseline than
program school students (p < .01). After program
implementation, control school students improved
their PACER scores by 2.3 laps over a 4 month-period.
Program school students improved their PACER scores
by 3.1 laps over a 7 month-period. Average monthly
changes were greater among control school students
(0.57 laps) than those among program school students
(0.44 laps).
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Figure 1. Flowchart of the Analytic Sample Size.

Table 1. Characteristics of All Students and Students with Overweight and Obesity in Program and Control Schools

Total Overweight Obesity

Program
(N = 1682)

Control
(N = 650) p-Value

Program
(N = 493)

Control
(N = 213) p-Value

Program
(N = 212)

Control
(N = 86) p-Value

Age (months), mean (SD) 114.3 (4.6) 114.6 (4.9) >.05 114.1 (4.9) 115.1 (5.1) .01 114.5 (4.6) 114.3 (5.4) >.05
Boys, N (%) 898 (53.4) 329 (50.6) >.05 280 (56.8) 126 (59.2) .56 126 (59.4) 46 (53.5) >.05
School race/ethnicity, N (%)* <.01 <.01 <.01

Non-Hispanic White 313 (18.6) 213 (32.8) 79 (16.0) 61 (28.6) 14 (6.6) 16 (18.6)
Non-Hispanic Black 325 (19.3) 334 (51.4) 87 (17.7) 122 (57.3) 30 (14.2) 51 (59.3)
Hispanic 602 (35.8) 103 (15.9) 204 (41.4) 30 (14.1) 114 (53.8) 19 (22.1)

School FRL percent, N (%)† <.01 <.01 <.01
High 1386 (82.4) 437 (67.2) 411 (83.4) 152 (71.4) 199 (93.9) 70 (81.4)
Low 296 (17.6) 213 (32.8) 82 (16.6) 61 (28.6) 13 (6.13) 16 (18.6)

BMI z-score, median (q1, q3) 0.75 (−0.04, 1.56) 0.87 (0.02, 1.59) >.05 1.48 (1.21, 1.73) 1.46 (1.22, 1.67) .42 2.27 (2.12, 2.40) 2.28 (2.14, 2.50) >.05
Raw BMI, median (q1, q3) 18.3 (16.4, 21.4) 18.6 (16.5, 21.4) >.05 21.1 (19.9, 22.5) 21.0 (20.0, 22.2) .66 27.0 (25.3, 29.2) 27.5 (25.5, 30.8) >.05
PACER, median (q1, q3) 18.0 (13.0, 25.0) 24.0 (16.0, 36.0) <.01 16.0(13.0, 23.0) 21.0 (16.0, 31.0) <.01 12.0 (9.0, 15.0) 13.5 (10.0, 22.0) <.01

FRL, Free and reduced lunch program; BMI, body mass index; PACER, Progressive aerobic cardiovascular endurance run.
*

Number of students attending schools where one race/ethnicity is greater than or equal to 50% of the total student population.
†

Number of student attending schools where the percentage of students receiving FRL are high (greater than or equal to 50%) or low (less than 50%).

Changes in Raw BMI
The interaction term between program status

and pre-program weight status was not significant,
indicating that pre-program weight status did not
alter the relationship between changes in BMI and
program status. In multivariable models (Table 2),
program participation was not significantly associated
with total decrease in raw BMI (p > .05). This was
the case regardless of the student’s pre-program

weight status. Students who were overweight or
obese at baseline showed a decrease in raw BMI
in the school race/ethnicity-adjusted multivariable
model, irrespective of whether they participated in
the program (by 0.22 and 0.73 kg/m2 respectively).

Similar results were observed for average monthly
changes in raw BMI. In the race/ethnicity-adjusted
multivariable model, overweight and obese children
showed a greater average monthly decrease in
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Table 2. Results of Crude and Adjusted Multiple Linear Regression Models for the Association Between Program, Pre-Program
Weight Status, and Changes in Raw BMI

Total changes§ Average monthly changes§

Parameter estimate (SE) R2 Parameter estimate (SE) R2

Crude model
Intercept 0.100 (0.093) 0.027 0.013 (0.022) 0.031
Program 0.159 (0.115) 0.030 (0.024)
Underweight 0.031 (0.137) 0.006 (0.020)
Overweight −0.223* (0.094) −0.038* (0.014)
Obesity −0.736** (0.181) −0.132** (0.032)

Covariate adjusted model—school FRL percent†

Intercept 0.071 (0.140) 0.027 0.016 (0.029) 0.032
Program 0.155 (0.113) 0.031 (0.022)
Underweight 0.033 (0.136) 0.007 (0.020)
Overweight −0.228* (0.096) −0.039* (0.014)
Obesity −0.743** (0.185) −0.131** (0.032)
Male 0.038 (0.058) 0.009 (0.010)
School FRL percent −0.180 (0.130)

High (≥50%) −0.012 (0.025)
Covariate adjusted model—school race/ethnicity‡

Intercept 0.020 (0.107) 0.031 −0.008 (0.021) 0.037
Program 0.078 (0.130) 0.017 (0.024)
Underweight 0.056 (0.130) 0.011 (0.019)
Overweight −0.216* (0.095) −0.037* (0.014)
Obesity −0.726** (0.182) −0.129** (0.032)
Male 0.032 (0.054) 0.008 (0.009)

School race/ethnicity
Non-Hispanic White 0.142 (0.150) 0.038 (0.027)
Hispanic 0.081 (0.175) 0.018 (0.028)
Mixed 0.325 (0.268) 0.054 (0.040)

*p < .05; **p < .01.
BMI, body mass index; SE, standard error; FRL, free and reduced lunch.
†

Attending schools with high (greater than or equal to 50%) proportion of students participating in Free and Reduced Lunch program.
‡

Attending schools where one race/ethnicity is greater than or equal to 50% of the total student population.
§

The interaction components of program*underweight, program*overweight, and program*obesity were not significant for changes in raw BMI.

raw BMI than normal weight students (by 0.04
and 0.13 kg/m2 respectively), regardless of their
participation in the program.

Changes in the PACER Test
Normal weight black girls in control schools

improved their average monthly PACER scores by 0.87
laps while the same girls in program schools did so
by 0.79 lap (Table 3—school race/ethnicity-adjusted
model). Whereas the improvement was significant for
students in both groups of schools, the difference of
improvement between the two groups was not. In
other words, those who participated in the program
had similar improvement in the PACER test to those
who did not in multivariable models, adjusting for
sex, pre-program weight status, and baseline PACER
scores.

Overweight and obese children showed less
improvement in their average monthly PACER scores
by 0.26-0.28 laps than their normal weight peers,
regardless of program participation, sex, baseline
PACER scores, and race/ethnicity.

Higher baseline PACER was significantly and
consistently associated with less improvement in both
total and average monthly changes in PACER test. In
other words, children with higher PACER test scores
at baseline showed less improvement than those with
lower PACER test scores. Boys also showed greater
improvement than girls in both total and average
monthly changes in PACER test.

DISCUSSION

This study aimed to examine changes in fourth-
graders’ weight and cardiopulmonary fitness after
participation in a school-based physical activity
program. Furthermore, we aimed to show whether
these changes were different for normal weight,
overweight, and obese children at the beginning
of the program. The program involved integrating
30 additional minutes of physical activity during
school hours every day for one academic year. We
found that participation in the program was not
associated with changes in BMI or cardiopulmonary
fitness, regardless of children’s initial weight category.
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Table 3. Results of Crude and Adjusted Multiple Linear Regression Models for the Association Between Program, Pre-Program
Weight Status, and Changes in the PACER Test

Total changes Average monthly changes§

Parameter estimate (SE) R2 Parameter estimate (SE) R2

Crude model
Intercept 2.397** (0.427) 0.019 0.674** (0.187) 0.011
Program 1.658 (1.034) −0.135 (0.126)
Underweight −1.772 (1.745) −0.410 (0.254)
Overweight −0.289 (0.399) −0.214** (0.084)
Obesity 0.115 (0.740) −0.190 (0.118)
Program*underweight −0.807 (2.912) -
Program*overweight −1.784* (0.707) -
Program*obesity −2.294 (1.297) -

Covariate adjusted model—school FRL percent†

Intercept 6.021** (1.486) 0.058 1.214** (0.249) 0.040
Program 1.315 (0.932) −0.180 (0.102)
Underweight −1.222 (1.973) −0.357 (0.259)
Overweight −0.755 (0.520) −0.277** (0.076)
Obesity −0.721 (0.807) −0.296* (0.114)
Baseline PACER −0.088** (0.029) −0.013* (0.005)
Male 0.981* (0.366) 0.148* (0.058)

School FRL percent
High (≥50%) −2.246* (0.975) −0.343* (0.147)

Program*underweight −1.163 (3.018) -
Program*overweight −1.725* (0.733) -
Program*obesity −2.116 (1.166) -

Covariate adjusted model—school race/ethnicity‡

Intercept 3.798** (0.888) 0.061 0.870** (0.151) 0.042
Program 1.973 (1.097) −0.077 (0.127)
Underweight −1.272 (1.925) −0.367 (0.255)
Overweight −0.745 (0.518) −0.263** (0.071)
Obesity −0.593 (0.782) −0.275* (0.108)
Baseline PACER −0.082* (0.029) −0.012* (0.005)
Male 0.989* (0.378) 0.149* (0.060)

School race/ethnicity
Non-Hispanic White 2.133 (1.064) 0.329 (0.169)
Hispanic −1.054 (0.813) −0.157 (0.121)
Mixed −0.662 (0.968) −0.088 (0.142)

Program*underweight −1.206 (2.962) -
Program*overweight −1.600* (0.649) -
Program*obesity −2.102 (1.093) -

* p < .05; ** p < .01.
SE, standard error; PACER, progressive aerobic cardiovascular endurance run; FRL, free and reduced lunch.
†

Attending schools with high (greater than or equal to 50%) proportion of students participating in Free and Reduced Lunch program.
‡

Attending schools where one race/ethnicity is greater than or equal to 50% of the total student population.
§

The interaction components of program*underweight, program*overweight, and program*obesity were not significant in the ‘‘average monthly changes’’ models.

The most significant predictors of changes in BMI
or cardiopulmonary fitness were baseline weight
status and cardiopulmonary fitness level of children.
Normal weight children showed greater improvement
in cardiopulmonary fitness than children who had
started the program overweight or obese. Children
with poorer cardiopulmonary fitness level at baseline
showed greater improvement in cardiopulmonary
fitness than children with better cardiopulmonary
fitness level at baseline.

The results highlight a pattern with scientific and
programmatic implications. Overweight and obese
children face additional challenges and may need
additional attention in PE classes or programs to

achieve improved fitness; overweight and obese chil-
dren showed poorer improvements in cardiopul-
monary fitness level than their normal weight peers
at follow-up. It is possible that these children were
less likely to be physically active and fit at baseline,
and therefore improvements take longer time than
their normal weight classmates.49 However, one ques-
tion to be explored is whether these children were
not as engaged in school-based physical activity pro-
grams or regular PE classes. For example, it may be
that they were more likely to be absent, not have the
required gym clothing, or skipped some of the compo-
nents of the program or PE classes and that this lower
level of participation was a reason for not achieving
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improvements in fitness.50 Overweight and obese chil-
dren also can experience conditions such as asthma
or arthritis, which prevent them from full engage-
ment, and they may have been bystanders during
the program or PE classes.51,52 Children experiencing
obesity may have been subject to weight-related prej-
udices of peers and teachers that discouraged them
even more from participating in the program or PE
classes.53,54

Then, a step forward for programs would be to find a
way to make engagement easier or more appealing for
overweight and obese children. Educating teachers to
make sure that these participate and engage in physical
activity programs or PE classes may be necessary.

Few studies have examined the results of school-
based physical activity programs taking into account
children’s pre-program weight status. Of those that did,
two reported that overweight and obese participants
had better BMI or waist circumference reductions than
normal weight participants.33,55 In one of these studies,
children in intervention schools had a higher SES level
than those in control schools.55

Weight loss is complex and challenging to achieve,
even for children. Programs may require both
nutritional and physical activity components to address
weight.56-59 School-based programs may not be
sufficient, as children also spend much time outside
of school, and the family environment is an essential
determinant of children’s health.60

This was a large study using direct measurements
of height, weight, and PACER, reducing concerns
about bias. There were also limitations. There was
no randomization in assigning schools to program
and control groups; therefore, we are not able to
draw causal inferences. It is possible that schools
with more health-conscious parents and children
or schools with more unhealthy kids were selected
into the program. However, baseline mean BMI
was comparable between the program and control
groups. Second, teachers in control schools were
compensated for their participation in data collection,
while teachers in program schools were not. This is
possibly reflected in the superior completeness of data
(Figure 1, missing data analysis) among control school
students compared to that of program school students.
Third, control schools were recruited 3 months after
program schools; however, average monthly changes
in both BMI and PACER test were examined to
account for this difference in follow-up period. Fourth,
socioeconomic and race/ethnicity information was
not available on individual students; school-level
characteristics were used instead, entailing limited
variability. These school-level covariates still improved
model fit.

IMPLICATIONS FOR SCHOOL HEALTH

Good cardiopulmonary fitness is directly associated
with a lower risk of cardiovascular diseases regardless
of weight status. Improving cardiopulmonary health
is one of the most important outcomes for school-
level physical activity programs. The findings from this
study suggest that 30 minutes of additional physical
activity may not be sufficient to improve cardiopul-
monary fitness among fourth-graders. Implementing
routine measurements of cardiopulmonary function
and tailoring physical activity programs to improve
these measurements may be necessary in schools. Fur-
thermore, overweight and obese children may need
additional attention in PE classes or programs to
achieve improved fitness; while teachers should be
educated against weight-based discrimination or bias,
they still should pay closer attention for the level of
engagement among overweight and obese children.

Human Subjects Approval Statement
The study protocol was approved by the Institu-

tional Review Board for each of the school districts,
and subjects in this study provided assent and par-
ents/guardians provided written informed consent to
participate in the study. This secondary data anal-
ysis study was exempted by the Emory University
Institutional Review Board.

Conflict of interest
All authors of this article declare they have no

conflicts of interest.

REFERENCES

1. Hales CMCM, Fryer CD, Ogden CL. Prevalence of obesity among
adults and youth: United States, 2015-2016. NCHS Data Brief .
2017;288:1-8.

2. Higgins M, Kannel W, Garrison R, Pinsky J, Stokes J 3rd.
Hazards of obesity - the Framingham experience. Acta Med
Scand Suppl. 1988;723:23-36.

3. Daniels SR. Complications of obesity in children and adoles-
cents. Int J Obes (Lond). 2009;33(Suppl 1):S60-S65.

4. Dietz WH. Health consequences of obesity in youth: childhood
predictors of adult disease. Pediatrics. 1998;101(3 Pt 2):518-525.

5. Kelly AS, Barlow SE, Rao G, et al. Severe obesity in children
and adolescents: identification, associated health risks, and
treatment approaches: a scientific statement from the American
Heart Association. Circulation. 2013;128(15):1689-1712.

6. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz
WH. Cardiovascular risk factors and excess adiposity among
overweight children and adolescents: the Bogalusa heart study.
J Pediatr. 2007;150(1):12-17 e12.

7. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic
risks and severity of obesity in children and young adults. N Engl
J Med. 2015;373(14):1307-1317.

8. Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular
disease. Circ Res. 2016;118(11):1752-1770.

9. Ortega FB, Cadenas-Sanchez C, Sui X, Blair SN, Lavie CJ. Role
of fitness in the metabolically healthy but obese phenotype: a
review and update. Prog Cardiovasc Dis. 2015;58(1):76-86.

768 • Journal of School Health • October 2020, Vol. 90, No. 10 • © 2020, American School Health Association



10. Lavie CJ, De Schutter A, Milani RV. Healthy obese versus
unhealthy lean: the obesity paradox. Nat Rev Endocrinol.
2015;11(1):55-62.

11. Lavie CJ, Ortega FB, Kokkinos P. Impact of physical activity
and fitness in metabolically healthy obesity. J Am Coll Cardiol.
2018;71(7):812-813.

12. Oktay AA, Lavie CJ, Kokkinos PF, Parto P, Pandey A, Ventura
HO. The interaction of cardiorespiratory fitness with obesity and
the obesity paradox in cardiovascular disease. Prog Cardiovasc Dis.
2017;60(1):30-44.

13. Kennedy AB, Lavie CJ, Blair SN. Fitness or fatness: which is
more important? JAMA. 2018;319(3):231-232.

14. Henriksson P, Henriksson H, Tynelius P, et al. Fitness and body
mass index during adolescence and disability later in life: a
cohort study. Ann Intern Med. 2019;170(4):230-239.

15. Deedwania P, Lavie CJ. Dangers and long-term outcomes in
metabolically healthy obesity: the impact of the missing fitness
component. J Am Coll Cardiol. 2018;71(17):1866-1868.

16. Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R,
Lavie CJ. Promoting physical activity and exercise: JACC health
promotion series. J Am Coll Cardiol. 2018;72(14):1622-1639.

17. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN.
Sedentary behavior, exercise, and cardiovascular health. Circ
Res. 2019;124(5):799-815.

18. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness
in childhood and adolescence: a powerful marker of health. Int
J Obes (Lond). 2008;32(1):1-11.

19. Kuzik N, Carson V, Andersen LB, et al. Physical activity and
sedentary time associations with metabolic health across weight
statuses in children and adolescents. Obesity (Silver Spring).
2017;25(10):1762-1769.

20. Camhi SM, Waring ME, Sisson SB, Hayman LL, Must A. Physical
activity and screen time in metabolically healthy obese pheno-
types in adolescents and adults. J Obes. 2013;2013:984613.

21. Heinzle S, Ball GD, Kuk JL. Variations in the prevalence
and predictors of prevalent metabolically healthy obesity in
adolescents. Pediatr Obes. 2016;11(5):425-433.

22. Prince RL, Kuk JL, Ambler KA, Dhaliwal J, Ball GD. Predictors
of metabolically healthy obesity in children. Diabetes Care.
2014;37(5):1462-1468.

23. Janssen I, Leblanc AG. Systematic review of the health benefits
of physical activity and fitness in school-aged children and
youth. Int J Behav Nutr Phys Act. 2010;7:40.

24. Errisuriz VL, Golaszewski NM, Born K, Bartholomew JB.
Systematic review of physical education-based physical activity
interventions among elementary school children. J Prim Prev.
2018;39(3):303-327.

25. Gesell SB, Sommer EC, Lambert EW, et al. Comparative
effectiveness of after-school programs to increase physical
activity. J Obes. 2013;2013:576821.

26. Habib-Mourad C, Ghandour LA, Moore HJ, et al. Promoting
healthy eating and physical activity among school children:
findings from Health-E-PALS, the first pilot intervention from
Lebanon. BMC Public Health. 2014;14:940.

27. Verbestel V, De Henauw S, Barba G, et al. Effectiveness of
the IDEFICS intervention on objectively measured physical
activity and sedentary time in European children. Obes Rev.
2015;16(Suppl 2):57-67.

28. Hyde ET, Gazmararian JA, Barrett-Williams SL, Kay CM. Health
empowers you: impact of a school-based physical activity
program in elementary school students, Georgia, 2015-2016.
J Sch Health. 2020;90(1):32-38.

29. Donnelly JE, Jacobsen DJ, Whatley JE, et al. Nutrition and
physical activity program to attenuate obesity and promote
physical and metabolic fitness in elementary school children.
Obes Res. 1996;4(3):229-243.

30. Coleman KJ, Tiller CL, Sanchez J, et al. Prevention of the
epidemic increase in child risk of overweight in low-income

schools: the El Paso coordinated approach to child health. Arch
Pediatr Adolesc Med. 2005;159(3):217-224.

31. McKenzie TL, Nader PR, Strikmiller PK, et al. School physical
education: effect of the child and adolescent trial for
cardiovascular health. Prev Med. 1996;25(4):423-431.

32. Lucertini F, Spazzafumo L, De Lillo F, Centonze D, Valentini M,
Federici A. Effectiveness of professionally-guided physical
education on fitness outcomes of primary school children. Eur
J Sport Sci. 2013;13(5):582-590.

33. da Silva LS, Fisberg M, de Souza Pires MM, Nassar SM,
Sottovia CB. The effectiveness of a physical activity and
nutrition education program in the prevention of overweight
in schoolchildren in Criciuma, Brazil. Eur J Clin Nutr.
2013;67(11):1200-1204.

34. Jackson SL, Cunningham SA. The stability of children’s weight
status over time, and the role of television, physical activity,
and diet. Prev Med. 2017;100:229-234.

35. Niclasen BV, Petzold MG, Schnohr C. Overweight and obesity
at school entry as predictor of overweight in adolescence in an
Arctic child population. Eur J Public Health. 2007;17(1):17-20.

36. Gentier I, D’Hondt E, Shultz S, et al. Fine and gross motor
skills differ between healthy-weight and obese children. Res Dev
Disabil. 2013;34(11):4043-4051.

37. Ruedl G, Franz D, Fruhauf A, et al. Development of physical
fitness in Austrian primary school children: a longitudinal study
among overweight and non-overweight children over 2.5 years.
Wien Klin Wochenschr. 2018;130(9-10):321-327.

38. Arena R, Cahalin LP. Evaluation of cardiorespiratory fitness
and respiratory muscle function in the obese population. Prog
Cardiovasc Dis. 2014;56(4):457-464.

39. Chaparro MP, Anderson CE, Crespi CM, Whaley SE, Wang MC.
The effect of the 2009 WIC food package change on childhood
obesity varies by gender and initial weight status in Los Angeles
County. Pediatr Obes. 2019;14(9):e12526.

40. US Department of Health and Human Services. Physical activity
guidelines for Americans; 2008. Available at: https://health
.gov/paguidelines/2008/pdf/paguide.pdf. Accessed January 27,
2020.

41. Chen W, Hammond-Bennett A, Hypnar A, Mason S. Health-
related physical fitness and physical activity in elementary
school students. BMC Public Health. 2018;18(1):195.

42. Morrow JR Jr, Martin SB, Jackson AW. Reliability and validity
of the FITNESSGRAM: quality of teacher-collected health-
related fitness surveillance data. Res Q Exerc Sport. 2010;81(3
Suppl):S24-S30.

43. Leger LA, Lambert J. A maximal multistage 20-m shuttle run
test to predict VO2 max. Eur J Appl Physiol Occup Physiol.
1982;49(1):1-12.

44. Zhu W, Plowman SA, Park Y. A primer-test centered
equating method for setting cut-off scores. Res Q Exerc Sport.
2010;81(4):400-409.

45. Mayorga-Vega D, Aguilar-Soto P, Viciana J. Criterion-related
validity of the 20-m shuttle run test for estimating cardiorespi-
ratory fitness: a meta-analysis. J Sports Sci Med. 2015;14(3):536-
547.

46. World Health Organization Multicentre Growth Reference
Study Group. WHO child growth standards based on
length/height, weight and age. Acta Paediatrica. 2006;450
(Suppl):76-85.

47. Ortiz-Marron H, Ortiz-Pinto MA, Cuadrado-Gamarra JI, et al.
Persistence and variation in overweight and obesity among
the pre-school population of the community of Madrid after
2 years of follow-up. The ELOIN Cohort. Rev Esp Cardiol (Engl
Ed). 2018;71(11):902-909.

48. Freedman DS, Butte NF, Taveras EM, et al. BMI z-scores are a
poor indicator of adiposity among 2- to 19-year-olds with very
high BMIs, NHANES 1999-2000 to 2013-2014. Obesity (Silver
Spring). 2017;25(4):739-746.

Journal of School Health • October 2020, Vol. 90, No. 10 • © 2020, American School Health Association • 769

https://health.gov/paguidelines/2008/pdf/paguide.pdf
https://health.gov/paguidelines/2008/pdf/paguide.pdf


49. Raistenskis J, Sidlauskiene A, Strukcinskiene B, Ugur Baysal S,
Buckus R. Physical activity and physical fitness in obese,
overweight, and normal-weight children. Turk J Med Sci.
2016;46(2):443-450.

50. Pan L, Sherry B, Park S, Blanck HM. The association of
obesity and school absenteeism attributed to illness or injury
among adolescents in the United States, 2009. J Adolesc Health.
2013;52(1):64-69.

51. Okubo Y, Michihata N, Yoshida K, et al. Impact of pediatric
obesity on acute asthma exacerbation in Japan. Pediatr Allergy
Immunol. 2017;28(8):763-767.

52. Schulert GS, Graham TB. Chronic inflammatory arthritis of
the ankle/hindfoot/midfoot complex in children with extreme
obesity. J Clin Rheumatol. 2014;20(6):317-321.

53. Storch EA, Milsom VA, Debraganza N, Lewin AB, Geffken
GR, Silverstein JH. Peer victimization, psychosocial adjustment,
and physical activity in overweight and at-risk-for-overweight
youth. J Pediatr Psychol. 2007;32(1):80-89.

54. O’Brien KS, Hunter JA, Banks M. Implicit anti-fat bias
in physical educators: physical attributes, ideology and
socialization. Int J Obes (Lond). 2007;31(2):308-314.

55. Fairclough SJ, Hackett AF, Davies IG, et al. Promoting healthy
weight in primary school children through physical activity

and nutrition education: a pragmatic evaluation of the
CHANGE! Randomised intervention study. BMC Public Health.
2013;13:626.

56. Hung LS, Tidwell DK, Hall ME, Lee ML, Briley CA, Hunt BP.
A meta-analysis of school-based obesity prevention programs
demonstrates limited efficacy of decreasing childhood obesity.
Nutr Res. 2015;35(3):229-240.

57. Verrotti A, Penta L, Zenzeri L, Agostinelli S, De Feo P.
Childhood obesity: prevention and strategies of intervention.
A systematic review of school-based interventions in primary
schools. J Endocrinol Invest. 2014;37(12):1155-1164.

58. Kanekar A, Sharma M. Meta-analysis of school-based childhood
obesity interventions in the U.K. and U.S. Int Q Community Health
Educ. 2008;29(3):241-256.

59. Harris KC, Kuramoto LK, Schulzer M, Retallack JE. Effect
of school-based physical activity interventions on body mass
index in children: a meta-analysis. CMAJ. 2009;180(7):
719-726.

60. von Hippel PT, Workman J. From kindergarten through
second grade, U.S. children’s obesity prevalence grows only
during summer vacations. Obesity (Silver Spring). 2016;24(11):
2296-2300.

770 • Journal of School Health • October 2020, Vol. 90, No. 10 • © 2020, American School Health Association


