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Objectives To assess the prevalence of obesity and hypertension-level blood pressures in an urban, athletic ado-
lescent population using preparticipation physical evaluation (PPE) data.
Study design The Athlete Health Organization provides free preparticipation physical evaluations to Philadel-
phia student-athletes via an annual mass-screening event. From 2009 to 2012, Athlete Health Organization per-
sonnel performed PPEs on more than 2700 middle school and high school athletes. The PPE included biometric
information, a history, and a physical examination. Medical volunteers measured blood pressures using a manual
blood pressure cuff with an aneroid manometer. The data from each PPE were collected and analyzed for preva-
lence of obesity, overweight, and hypertension-level blood pressure readings.
Results A large percentage of student-athletes were found to be overweight (20%) or obese (24.0%). Many of
these athletes also had stage 1 or 2 level blood pressure readings (14.8%), a finding which strongly correlated
with elevated body mass index (P < .00001).
Conclusions The cardiovascular health of this urban adolescent athletic population is a major concern because
their rates of obesity and elevated blood pressure place them at increased risk of cardiovascular complications
later in life despite their participation in school athletics. (J Pediatr 2016;■■:■■-■■).

Approximately 30 million children and adolescents participate in organized sports in the US. The standard of care is that
these athletes undergo preparticipation physical evaluation (PPE) before the season of competition begins.1 The primary
goals of the PPE are to identify athletes at risk for injury, illness, or death. The Athlete Health Organization (AHO) is

a nonprofit student health initiative that provides a day of free comprehensive PPEs to Philadelphia high school and middle
school student-athletes each year.2 The event presents a unique opportunity to evaluate and support an urban student-athlete
population. Extraction and analysis of information from PPEs can offer a glimpse into the current health trends in this popu-
lation. In this study, the data collected during 4 years of AHO PPEs were used to report on the rates of obesity and high blood
pressure readings in this adolescent population.

Methods

From 2009 to 2012, AHO personnel ran an annual event to perform station-based PPEs on Philadelphia high school and middle
school athletes. Over the 4 years, more than 2700 athletes were seen and evaluated.

At the onset of this study, institutional review board approval was obtained from Thomas Jefferson University. The Penn-
sylvania Interscholastic Athletic Association’s standardized forms that were completed during the PPE sessions were collected,
and deidentified data were entered into a filing system. Each form consisted of the athlete’s biometrics, personal medical history,
family medical history, and comprehensive physical examination. Biometric data included age, sex, grade in school, height, weight,
blood pressure, and pulse. The comprehensive physical examination was divided into stations dedicated to vital signs, general
medicine, orthopedic, pulmonary, concussion, and cardiovascular examinations.
The cardiovascular portion of the examination included a physical examination,
electrocardiogram (ECG), and echocardiogram when indicated. Indications for
echocardiogram included an abnormal ECG, an abnormal cardiac physical ex-
amination, or screening positive on the cardiac questions of the Pennsylvania In-
terscholastic Athletic Association form. Licensed cardiologists interpreted each ECG
using standard ECG reading guidelines for athletes.

AHO Athlete Health Organization
BMI Body mass index
CDC Centers for Disease Control and Prevention
ECG Electrocardiogram
PPE Preparticipation physical evaluation

From the 1Department of Family and Community
Medicine, Thomas Jefferson University, Philadelphia, PA;
2Athlete Health Organization, Philadelphia, PA; 3The
Heart Center of Philadelphia, Jefferson, Philadelphia, PA;
4Sidney Kimmel Medical College, Thomas Jefferson
University, Philadelphia, PA; 5Department of Medicine-
Pediatrics, Brown University, Providence, RI; and 6Public
Health Program, Thomas Jefferson University,
Philadelphia, PA

J.C. and D.S. serve as unpaid board members of the
Athlete Health Organization. The other authors declare no
conflicts of interest.

0022-3476/$ - see front matter. © 2016 Elsevier Inc. All rights

reserved.

http://dx.doi.org10.1016/j.jpeds.2016.07.006

ARTICLE IN PRESS
THE JOURNAL OF PEDIATRICS • www.jpeds.com ORIGINAL

ARTICLES

1

FLA 5.4.0 DTD ■ YMPD8516_proof ■ August 11, 2016



Medical staff volunteers performed blood pressure mea-
surements on student-athletes in the seated position using
manual blood pressure cuffs with aneroid manometers. These
medical volunteers included physicians, medical students, and
physician assistants. Cuff size was fit for individuals based on
current guidelines. All student-athletes with an elevated blood
pressure reading were remeasured by a licensed physician using
the same method before the reading was finalized. The same
method of blood pressuremeasurement and recording was used
each year, however, the medical volunteers changed year to year.

Data collected during the AHO PPE events were analyzed
to report on the demographics, weight status, and blood pres-
sure status of the population participating in the events. To
analyze the data for information on the obesity and high blood
pressure rates in this population, only those athletes with all
of the required components from the PPE were counted. As
such, if any athlete were missing documentation of height,
weight, age, or blood pressure, his/her data were eliminated
from analysis as body mass index (BMI) and blood pressure
classification could not be determined. Given these criteria, a
total of 2678 sets of data were analyzed.

To next categorize an athlete’s weight status, the BMI and
weight percentile was calculated using guidelines provided by
the Centers for Disease Control and Prevention (CDC).3 Blood
pressure classification was then determined for each athlete
using guidelines provided by the National Heart, Lung and
Blood Institute of the National Institutes of Health.4 Partici-
pants in the AHO PPEs could not formally be diagnosed with
hypertension based on only 1 blood pressure reading.However,
for the purposes of analysis, blood pressure readings were cat-
egorized according to the National Heart, Lung and Blood In-
stitute Fourth Report guidelines. The distinction between stages
1 and 2 level readings remained important as stage 2 level read-
ings were a reason to hold an athlete from participation until
further evaluation.

Statistical analysis included calculation of percentages of ath-
letes who fell into each weight and blood pressure category.
To determine any statistical link between weight category and
blood pressure classification, a c2 test of dependence was per-
formed to assess the relationship.

To further characterize the relationship between BMI and
blood pressure in this sample, 2 more statistical approaches
were used. First, linear regression was used to predict systolic
and diastolic blood pressures separately, controlling for sex.

Then, to facilitate interpretation of the regression coeffi-
cients and for predicting category membership in a “non-
normotensive”category, all blood pressure values were converted
to a categorical variable where 1 was “non-normotensive”
(prehypertensive-, stage 1- and stage 2 level) and 0 was “nor-
motensive.” Logistic regression was used to characterize this
relationship.

Results

Over the 4-year study period, 2678 athletes ranging in age from
10 to 20 years old had complete PPEs. Of the total partici-
pants, 69% were male. Race and ethnicity data was only
collected in 2012,which revealed that 71% of participants self-
identified asAfricanAmerican, 16% as Caucasian, 7% asAsian,
5%asHispanic, and 1%as other (Table I).Therewere nomajor
demographic shifts in schools that participated in the AHO
event so, although it cannot be guaranteed, the race and eth-
nicity percentages would have likely been similar in other years.

A large number of student-athletes were overweight or obese
based on BMI calculations. In 2009, 24% of participants were
obese with another 23% categorized as overweight; by 2012,
the percentage of obese participants remained similar at 22.5%
and overweight at 19.2% (Table I).

Beyond the BMI findings, a large number of athletes were
found to have abnormally elevated blood pressures. In each

Table I. Demographics by year

2009 2010 2011 2012

Total, N 758 561 658 701
Age, mean ± SD 15.0 ± 1.9 y 15.8 ± 1.2 y 15.7 ± 1.3 y 15.7 ± 1.2 y
Range 10-19 y 11-19 y 11-20 y 12-20 y
Sex

Female 273 (36%) 157 (28%) 213 (32%) 186 (27%)
Male 485 (64%) 404 (72%) 445 (68%) 515 (73%)

Race/ethnicity
African American 500 (71%)
Caucasian 114 (16%)
Asian 48 (7%)
Hispanic 35 (5%)
Other 4 (1%)

Weight status
Obese 185 (24%) 135 (24%) 167 (25.4%) 158 (22.5%)
Overweight 175 (23%) 105 (18.7%) 131 (20%) 135 (19.2%)
Normal weight 392 (52%) 319 (57%) 356 (54%) 395 (56.3%)
Underweight 6 (1%) 2 (0.3%) 4 (0.6%) 13 (2%)

Blood pressure
Prehypertension level 112 (15%) 60 (10.6%) 96 (14.6%) 90 (12.8%)
Stage 1 level 107 (14%) 71 (12.7%) 108 (16.4%) 77 (11%)
Stage 2 level 13 (1.7%) 7 (1.2%) 3 (0.5%) 11 (1.6%)
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year of the study, greater than 24% of individuals had blood
pressure measurements outside of the normotensive range. In
2011, the same year the obesity percentage hit its peak, the
percent of abnormal blood pressure measurements also peaked
with 31.5% of readings above the normotensive range.Of these,
14.6% of participants that year had readings in the
prehypertensive range, and 16.9% were in the hypertensive
range (Table I).

Stages 1 and 2 level blood pressure numbers were signifi-
cantly correlated with elevated BMIs (Table II and Figure 1).
Many of the participants who had high blood pressure read-
ings falling in the stage 1 or 2 hypertension range were either
currently overweight or obese. In total, 397 (14.8%) partici-
pants had stage 1 or 2 level hypertension readings.Within that
group, 287 (72%) were categorized as overweight or obese
(Table II and Figure 1).

A c2 test of dependence was used to assess relationship
between hypertension and weight category. This test was sig-
nificant, c2 (3) = 194.6, P < .00001, indicating a significant as-
sociation. Inspection of the proportions indicates this effect
likely lies in the proportion of obese athletes with hyperten-
sion (30.7%) vs the other weight categories.

Linear regression of the relationship between BMI percen-
tile and systolic blood pressure yielded a significant model ac-
counting for 19.7% of the variability in systolic blood pressure.
The standardized regression coefficient was .31, indicating an
increase in systolic blood pressure of 1/3 of a SD, or close to
2/10 of 1 systolic blood pressure point for every 1 unit in-

crease in BMI percentile (F[2,2772] = 340.28, P < .001)
(Figure 2, A).

Similarly, the linear regression of the relationship between
BMI percentile and diastolic blood pressure yielded a signifi-
cant model accounting for 8.5% of the variability in diastolic
blood pressure. The standardized regression coefficient was .25,
indicating an increase in diastolic blood pressure of 1/4 of a
SD, or close to 1/10 of 1 diastolic blood pressure point for every
1 unit increase in BMI percentile (F[2,2774] = 130.6, P < .001
(Figure 2, B).

The logistic regression predicting category membership in
the non-normotensive category yielded significant findings.
Relative to those in the normotensive category, there was a 2.8
times greater odds of being in the non-normotensive cat-
egory for those participants with a BMI percentile placing them
in an “overweight” category (BMI percentile 85-95). Further,
there was 4.3 times greater odds of being in the non-
normotensive category for those participants with a BMI per-
centile placing them in the obese category (BMI percentile ≥ 95).
Both ORs were significant at P < .0001.

Discussion

These findings suggest that these urban student-athletes are
not as healthy as one would hope and are at risk for future com-
plications if their prevalence of obesity and elevated blood pres-
sure are not addressed. The PPE has been used to promote safe
sports activity, but it can also be used to evaluate population
health and provide a potential opportunity for intervention.5

This study has also demonstrated the utility of PPEs for track-
ing statistics, such as obesity and elevated blood pressure. In
the US, 49 of the 50 states currently require some version of
the PPE to be performed.6 Previous focus has been put into
using the PPE to address sudden cardiac arrest and sudden
cardiac death. Although this is a tragic event, it is rare.7 In con-
trast, the prevalence for overweight and obesity is quite high
in this population, and the morbidity and mortality of obesity
and hypertension represent a significantly higher societal
burden.

In 2010, the city of Philadelphia’s Department of Public
Health reported that 25.4% of children 6-17 years of age were
obese. This percentage represented a decrease from the 28.4%
who were obese in 2008.8 That same year, Nguyen et al9 ex-
amined the prevalence of obesity and hypertension in Phila-
delphia youth at health centers across the city. They found that

Table II. Individuals with elevated blood pressure by weight

2009 2010 2011 2012

Total stage 1 or 2 level blood pressure readings 120 78 111 88
Weight category
Obese 57 (47.5%) 45 (57.7%) 46 (41.4%) 50 (56.8%)
Overweight 35 (29.1%) 10 (12.8%) 24 (21.6%) 20 (22.7%)
Overweight or obese 92 (76.7%) 55 (70.5%) 70 (63%) 70 (79.5%)
Normal 26 (21.7%) 23 (29.5%) 41 (37%) 18 (20.5%)
Underweight 2 (1.7%) 0 (0%) 0 (0%) 0 (0%)

Figure 1. Percentage of stages 1 and 2 hypertension by weight
category.
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7.7% of those evaluated were severely obese, defined as BMI
≥35 kg/m2 or ≥120% of the 95th percentile. They also found
that 17.5% of youth had high blood pressure readings. Se-
verely obese children in that study were more than twice as
likely to have high blood pressure readings than the other
participants.9 These findings support those of the current study.
Although the general presumption may be that athletics and
activity should help with weight and blood pressure control,
comparing the past statistics to those of this current AHO study

shows that urban student-athletes in Philadelphia are suffer-
ing from these conditions at alarming rates that mimic the
general adolescent population.

Prior studies have similarly demonstrated links between
obesity and cardiovascular risk factors in adolescents.May et al10

looked at National Health and Nutrition Examination Survey
data from 1999 to 2008 for adolescents 12-19 years of age. They
examined the prevalence of cardiovascular risk factors includ-
ing prehypertension/hypertension, elevated low-density lipo-

Figure 2. A, Systolic and B, diastolic BP readings by BMI percentile. BP, blood pressure.
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protein levels, low high-density lipoprotein levels, and
prediabetes/diabetes in these adolescents and compared these
rates with weight category. The prevalence of each of these car-
diovascular risk factors increased along with weight group-
ing; the highest rates being found in those falling into the obese
category.10 As this was a national study, there was a demon-
strable link between obesity and high rates of cardiovascular
risk factors, such as hypertension in a general adolescent
population.

Sorof et al11 examined school-aged children for prevalence
of obesity and hypertension. In this study, the frequency of chil-
dren being overweight varied by race and ethnicity with His-
panics and African Americans having the highest rates of
exceeding normal weights. There again was a correlation
between BMI and prevalence of hypertension with higher BMIs
being linked to higher rates of hypertension, further bolster-
ing the findings of this AHO study.11

Studies have linked obesity and hypertension in adoles-
cents to long-term adverse cardiovascular outcomes. Juonala
et al12 performed a study following children through adult-
hood in the US and examined the prevalence of cardiovascu-
lar risk factors in adulthood. They found that children with
high BMIs who grew into adults with elevated BMIs were more
likely to have type II diabetes, hypertension, elevated low-
density lipoprotein levels, low high-density lipoprotein levels,
and carotid artery atherosclerosis than their nonobese coun-
terparts. However, those children with elevated BMIs who de-
veloped into normal weight adults had cardiovascular risks at
rates comparable with those of nonobese adults who were also
normal weight as children, demonstrating that obesity left un-
corrected during the transition from childhood to adult-
hood leads to higher prevalence of cardiovascular disease risk
factors.12 This finding suggests that many urban adolescents
in this study have health conditions that could harm their ability
to participate in sports and put them in danger of develop-
ing cardiovascular risk factors in the future.

In 2013, 1 year after conclusion of data collection for this
study, the CDC reported that 41% of youth 6-17 years of age
were considered overweight or obese in the city of Philadel-
phia, a number similar to the prevalence calculated in this
study.13 A recent CDC study of trends of obesity in Philadel-
phia school children 5-18 years of age from 2006 to 2013
showed that there has been a decline in overall obesity from
21.7% to 20.3%.14

A study by Stiefel et al15 examined the prevalence of these
metrics measured during PPEs in student-athletes from the
state of Mississippi. Although their review included individu-
als from both urban and suburban environments, the results
were similar to those of the current study. The prevalence of
obesity in theMississippi student-athlete population was 23.5%
compared with Philadelphia’s 24.0% with 21.2% having el-
evated blood pressure readings in Mississippi compared with
28.2% falling outside of the normotensive range in
Philadelphia.15

Although this AHO study of PPEs allowed for evaluation
of a unique population, it also was limited by certain factors.
First, inherent to mass-screening events is an inability to have

every athlete exposed to the exact same screening personnel.
The second issue was that the blood pressure readings at this
event may have been subject to false elevation because of the
nature of the event. Blood pressures were performed manu-
ally, in the seated position, with proper cuff size, but possibly
not in an ideal venue with the crowding of student-athletes
at each station. Third, the individuals in the study cannot tech-
nically be diagnosed as hypertensive given that the PPE pro-
vides only 1 blood pressure reading.

The results of this study should be used to raise awareness
of health issues affecting the population of student-athletes.
Emphasis should be placed on intervention strategies to
promote physical activity, improve diet, and educate local youth
about the benefits associated with these lifestyle changes. ■
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