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Background: Over the past 30 years, there has been a dramatic increase in the prevalence of childhood obesity and hypertension
in the United States. The prevalence of these diagnoses among individuals participating in school-sanctioned sports has not been
clearly defined.

Purpose: To identify the prevalence of obesity and elevated blood pressure (BP) among student athletes and investigate asso-
ciations between race, sex, type and number of sports played, and the prevalence of these diseases.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Pre—sports participation medical examinations (N = 7705) performed between 2009 and 2013 were reviewed to identify
the prevalence of obesity and elevated BP and examine relationships between the type of sports played, participation in multiple
sports versus a single sport, and the athlete’s body weight and body mass index (BMI).

Results: The prevalence of obesity was 23.5%. There was a significant association (P < .001) between the number of sports played
by the student and BMI. The risk of obesity among single-sport athletes was more than 2-fold the risk (relative risk [RR], 2.13)
compared with >3-sport athletes and 1.42 times greater compared with 2-sport athletes (RR, 1.42). The prevalence of elevated
BP was 21.2%. There was a significant association (P < .001) between the number of sports played by the student and elevated
BP. The risk of elevated BP among single-sport athletes was 1.59 times greater (RR, 1.59) than >3-sport athletes and 1.30 times
greater compared with 2-sport athletes (RR, 1.30). Finally, obese students were 2.40 times more likely to have elevated BP
compared with nonobese students (P < .001).

Conclusion: The result of this study confirms the progressive nature of the obesity epidemic and identifies the contribution of
obesity to the worsening cardiometabolic profiles in student athletes. The study also identifies that participation in multiple sports
and running sports decreases the individual’s risk for obesity and hypertension.

Clinical Relevance: The present study emphasizes the importance of screening for obesity and elevated blood pressure during
the athlete’s preparticipation physical examination.
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According to the National Federation of State High
School Associations (NFHS), almost 8 million student
athletes participate in school-sanctioned sports each
year.!” For many of today’s youth, sports provide an
opportunity for developing social skills and healthy exer-
cise habits. Furthermore, participation in school sports is
associated with improved academic performance, self-
esteem, and a reduction in high-risk behavior.5151¢ Ag
a prerequisite to participation, many students are
required to undergo an annual preparticipation medical
evaluation (PPE). The NFHS has acknowledged the
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importance of a preseason medical history and physical
examination, and most state governments require ath-
letes participating in state-funded sports to obtain docu-
mentation of their general fitness prior to involvement in
a sports program.'® While obtaining “preseason medical
clearance” may be considered standard practice, there
remains a great deal of debate regarding the appropriate
context, content, and expectation of health benefits to be
obtained by the PPE. For some, this encounter may be
viewed as a waiver of liability for sports participation;
however, the PPE should be regarded as an opportunity
to provide the athlete with a comprehensive examination
and general health screening. This opportunity may be
especially important in patient populations with limited
access to primary medical care.
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Over the past 30 years, there has been a dramatic increase
in the prevalence of childhood obesity in the United States. A
general trend for increasing prevalence of pediatric obesity
can be observed among most patient populations; however,
several studies have recognized a disproportionate risk
among certain geographic and socioeconomic groups. Not
only is the prevalence of childhood obesity increasing, but
many of the comorbid conditions historically associated with
adult-onset obesity, such as diabetes and hypertension, are
also on the rise in this patient population.’?%33 In the ado-
lescent population, the diagnosis of obesity alone carries an
increased risk for the development of early morbidity,
cardiometabolic disease, osteoarthritis, and certain forms
of cancer later in life.'®2” These alarming trends should be
viewed as a significant health concern with widespread pub-
lic health implications in the near future. The preparticipa-
tion encounter provides the sports medicine physician with
an opportunity to identify patients at risk for adulthood obe-
sity, who might otherwise have limited access to medical
care. Also, since this unique medical encounter is associated
with participation in sports, it may be an opportunity for the
physician to influence the individual’s behavior positively by
associating healthy diet and exercise habits with sports par-
ticipation and performance.

Given the natural increases in body mass index (BMI)
that occur with age, it is necessary to compare individuals
using age- and sex-specific growth charts. The use of BMI to
identify adolescents who are at an increased risk for adult-
hood obesity is well established in the medical litera-
ture.®26:28:38 The Centers for Disease Control and
Prevention (CDC) developed the CDC-2000 growth charts
using representative surveys of US children and have cate-
gorized children and adolescents with a BMI >95th percen-
tile as obese. These tables can be accurately used by health
care providers to identify patients at risk for adulthood obe-
sity and potentially influence the child’s health decisions
early on in the development of disease.?

The prevalence of hypertension also appears to have
increased during the obesity epidemic. Contemporary reports
estimate the prevalence of hypertension among American
children to be between 2% and 5%.28:3%:36 While the US
Preventative Services Task Force (USPSTF) has published
evidence-based recommendations regarding screening and
diagnosis of hypertension in children, there remains debate
on the long-term impact of screening in this population.3:36
According to the American Academy of Pediatrics, routine
blood pressure screening is an important component of the
athlete’s physical examination, since elevated blood pressure
represents one of the most common abnormal findings
identified during the PPE.? The purpose of this study was
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to identify the prevalence of obesity and elevated blood pres-
sure in a population of Mississippi high school athletes and to
examine the influence of sex, age, ethnicity, and details of
sports participation on the prevalence of these diagnoses.

METHODS

Between 2009 and 2013, PPEs were performed by a team of
physicians from the Mississippi Sports Medicine and Ortho-
paedic Center (MSMOC) in Jackson, Mississippi. All encoun-
ters were performed by moving athletes through a
coordinated medical team of providers, which included pri-
mary care physicians, orthopaedic surgeons, cardiologists,
athletic trainers, registered nurses, and medical assistants.
The student population was composed of athletes attending
schools located in metropolitan or suburban areas of Jackson,
Mississippi, who wished to participate in a school-sanctioned
sport. These PPEs were utilized by 146 different high school
athletic programs during the study period. All medical care
was provided to the athletes free of charge by the sponsoring
institution (MSMOC). The examinations were documented
and completed using a standardized form. This comprehen-
sive screening form was developed by the sponsoring insti-
tution (MSMOC) and includes pertinent patient history
and physical examination components endorsed by the
American Academy of Pediatrics and Preparticipation
Physical Evaluation Working Group (see the Appendix).
Furthermore, this form has been acknowledged by Missis-
sippi state officials and is currently used as the standard
preparticipation physical examination by the State of
Mississippi High School Athletic Association.'” Informed
consent for the examination was obtained from each
patient’s legal guardian, and the study was approved by
the sponsoring institution’s internal review board.
Inclusion criteria for the study included high school ath-
letes aged 14 to 18 years and a first-time encounter with
the individual student. Exclusion criteria included incom-
plete demographic data including date of birth, sex, and
race or a physiologically implausible physical examination
data value. Age was calculated in months from date of
birth to date of PPE. Sex and ethnicity were self-
described. Ethnic categories included white, African
American, Asian, and Hispanic. Weight (kg) and height
(m) were measured using a calibrated professional medical
scale, and BMI was calculated (kg/m?). Athletes were
assigned into BMI percentiles, which were based on the most
current age and sex normative anthropometric reference
data available from the CDC. Using BMI percentiles, indi-
viduals were grouped into 3 categories: normal weight
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(<85th percentile), overweight (>85th and <95th percen-
tile), or obese (>95th percentile). For statistical analysis,
sex, ethnicity, sport, and number of sports played were
examined as individual predictors of obesity status.

All blood pressure measurements were done using an auto-
mated blood pressure cuff in the nondominant extremity by a
registered nurse or medical assistant. Given the large popu-
lation size of this study, automated oscillometric blood pres-
sure measurements were utilized for general screening
purposes.” Individuals with a systolic pressure >120 mm Hg
or diastolic pressure >80 mm Hg were referred for manual
blood pressure measurements using a mercury sphygmoman-
ometer for 3 consecutive measurements separated by 5 min-
utes of rest.>2 The average of the 3 readings was used to
represent the final blood pressure value. Blood pressure per-
centiles were calculated based on the most current normative
anthropometric reference data available from the CDC. Using
blood pressure percentiles, individuals were grouped into 2
categories: elevated blood pressure (>95th percentile) or not
elevated (<95th percentile). Definitive diagnosis of hyperten-
sion in pediatric populations requires longitudinal blood pres-
sure tracking, and since these examinations represented a
single encounter used for screening purposes and sports par-
ticipation clearance, a definitive diagnosis of hypertension
was not made at the time of the patient encounter. Last, stu-
dents were classified by sport and as either having requested
clearance to participate in 1 sport, 2 sports, or >3 sports.

Descriptive statistics are presented as means, standard
deviations, and percentages. The chi-square test was used
to test for associations between the 3 classifications of BMI
and number of sports categories. Unadjusted relative risk
(RR) and 95% ClIs were calculated for individual predictors
of obesity status (obesity vs normal/overweight) and elevated
blood pressure. For adjusted estimates of relative risks, a
binomial regression with a log link function was used. For
inferential analyses including race, Hispanics and Asians
were excluded because of inadequate sample size. A P value
of .05 was used to determine statistical significance.

RESULTS

During the study period, 19,176 PPEs were documented.
There were 9183 students who met the inclusion criteria
as a first-time encounter within the target age range. There
were 1478 students who met the exclusion criteria, leaving
7705 examinations for the final analysis (Table 1). The pri-
mary reason for exclusion was patients reporting only their
age and not their date of birth. Date of birth is required for
BMI percentage categorization. During the study period,
169 (2.2%) students were not cleared for sports participa-
tion at the time of their initial encounter. The mean age of
the sample was 15.5 years, with 69.4% being male. Based
on self-reported ethnicity, blacks represented 66.4% and
whites represented 31.9% of the study population. The
mean BMI was 24.9 kg/m?. Based on BMI classification, the
prevalence of obesity was 23.5%; 20.3% of students were
overweight and 56.2% were normal weight. The prevalence
of morbid obesity (BMI >99th percentile) was 3.5%. The
most frequently cited sports participation were football
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TABLE 1
Demographic and Clinical Variables for Students in
Pre—Sports Participation Physicals (N = 7705)*

Age, y, mean + SD 15.5+1.17
Age, y, n (%)
14 2109 (27.4)
15 1993 (25.9)
16 1976 (25.6)
17 1297 (16.8)
18 330 (4.3)
Sex, male/female, % 69.4/30.6
Ethnicity, n (%)
Black 5119 (66.4)
White 2257 (31.9)
Hispanic 90 (1.2)
Asian 39 (0.5)
Anthropometric measures
Height, cm, mean + SD 171.7+11.1
Weight, kg, mean + SD 74.4+19.9
BMI, kg/m?, mean + SD 24.9+6.0
Normal, % 56.2
Overweight, % 20.3
Obese, % 23.5
Hemodynamic measures
Systolic BP, mm Hg, mean + SD 122.7+13.1
Diastolic BP, mm Hg, mean + SD 69.6 £ 9.4
<90th percentile, % 66.5
90th-94th percentile, % 12.2
>95th percentile, % 21.2
Physical examination by sport, n (%)°
Football 3585 (46.5)
Basketball 2191 (28.4)
Track and field 1057 (13.7)
Baseball 727 (9.4)
Soccer 627 (8.1)
Softball 360 (4.7)
Cheerleading 356 (4.6)
Cross country 205 (2.7)
Tennis 190 (2.5)
Volleyball 80 (1.0)
Golf 58 (0.8)
Swimming 26 (0.3)
Lacrosse 2(<0.1)
Wrestling 1(<0.1)
None 913 (11.8)

“BMI, body mass index; BP, blood pressure.
bPercentages total to greater than 100% due to multisport ath-
letes.

(46.5%), basketball (28.4%), track and field (13.7%), and
baseball (9.4%); 913 students did not endorse a sport for
participation. The remaining students indicated that they
participated in 1 sport (n = 4686, 69.0%), 2 sports (n = 1548,
22.8%), or >3 sports (n = 558, 8.2%). The prevalence of
obesity and elevated blood pressure among athletes partici-
pating in a single sport is demonstrated in Table 2. The
prevalence of student athletes with the combined diagnosis
of obesity and elevated blood pressure was 9% (n = 697).
The mean systolic and diastolic blood pressure measure-
ments were 122.7 and 69.6 mm Hg, respectively. The pre-
valence of elevated blood pressure (blood pressure >95th
percentile) was 21.2%.
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TABLE 2
Prevalence of Obesity, Elevated Blood Pressure, and Combined Obesity and Elevated Blood Pressure
Among Single-Sport Athletes

Body Mass Index, %

Combined Obesity

Sport n Normal Overweight Obese Elevated Blood Pressure, % + Elevated Blood Pressure, %*
Football 2307 38.2 22.3 39.4 28.4 16.2+
Softball 148 49.3 25.7 25.0 15.5 6.1
Golf 16 62.5 12.5 25.0 0.0 0.0
Cheerleading 253 64.8 19.8 154 17.0 59
Baseball 180 64.4 20.6 15.0 27.3 7.8
Volleyball 35 68.6 17.1 14.3 20.0 114
Basketball 1121 68.9 17.2 13.9 174 5.0-
Soccer 298 70.1 19.8 10.1 164 2.3—-
Track and field 163 80.4 12.9 6.7 19.6 1.2-
Tennis 59 66.1 254 8.5 20.3 3.4
Cross country 53 90.6 5.7 3.8 11.3 3.8
Swimming 11 72.7 18.2 9.1 36.4 0.0
“For single-sport athletes, “+” indicates a statistically significant increase in prevalence and “~” indicates a statistically significant

decrease in prevalence of combined obesity and elevated blood pressure in the sport category compared with athletes in other categories.
For example, single-sport football players had a statistically significant increase in prevalence of combined obesity and elevated blood

pressure compared with single-sport athletes in other sports.

TABLE 3
Distribution of BMI and Blood Pressure Categories
by Number of Sports Participation®

TABLE 4
Risk Factors for Obesity and Elevated Blood Pressure®

Relative Risk (95% CI)

Unadjusted Adjusted

Obesity vs normal and overweight

1 Sport 2 Sports >3 Sports
BMI
Normal 2506 (53.5) 945 (61.0) 363 (65.1)
Overweight 942 (20.1) 311 (20.1) 125 (22.4)
Obese 1238 (26.4) 292 (18.9) 70 (12.5)
Blood pressure®
Normal 3603 (76.9) 1275 (82.4) 476 (85.3)
Elevated 1083 (23.1) 273 (17.6) 82 (14.7)

“Data are presented as n (%). BMI, body mass index.
P <.001.

Regarding individual predictors of obesity, there was a
significant chi-square association (P < .001) between the
number of sports played by the student and their BMI clas-
sification, with obesity rates decreasing as the number of
sports played increased (Table 3). The prevalence of obesity
among single-sport athletes was 26.4% compared with a
prevalence of 18.9% and 12.5% for 2- and >3-sport athletes,
respectively. Relative risks for obesity are shown in Table 4.
Males had a significantly (P < .001) increased risk (RR,
1.49) of obesity compared with females. We failed to find
significant associations between race and obesity, unad-
justed or adjusted. The risk of obesity among single-sport
athletes was 2.13 times the risk for >3-sport athletes and
1.42 times greater than the risk for 2-sport athletes. Fur-
ther detail on the relative risks for obesity is reported in
Table 4. Adjusting for race and number of sports played,
males were statistically 1.71 times more likely to be obese
compared with females. Adjusting for sex and race, single-
sport athletes were 1.40 and 2.17 times more likely to be
obese compared with 2- and >3-sport athletes, respectively.

Sex, male (vs female)
Race, black (vs white)
1 sport (vs >3 sports)
1 sport (vs 2 sports)
Elevated Blood Pressure
Sex, male (vs female)
Race, black (vs white)
1 sport (vs >3 sports)
1 sport (vs 2 sports)
Obese (vs normal and

1.49 (1.35-1.65)
1.01 (.93-1.10)

2.13 (1.70-2.67)
1.42 (1.26-1.59)

1.28 (1.15-1.41)
1.23 (1.11-1.35)
1.59 (1.29-1.95)
1.30 (1.15-1.47)
2.40 (2.11-2.61)

1.71 (1.52-1.92)
0.95 (.87-1.04)

2.17 (1.73-2.71)
1.40 (1.26-1.58)

1.24 (1.10-1.38)
1.20 (1.09-1.33)
1.27 (1.09-1.64)
1.17 (1.04-1.32)
2.33 (2.13-2.55)

overweight)

“P < .005 for all values except race comparison for obesity.

Regarding the individual predictors for elevated blood
pressure, there was a significant chi-square association
(P <.001) between the number of sports played by the stu-
dent and elevated blood pressure (blood pressure >95th
percentile for age and sex), with the prevalence of individ-
uals with elevated blood pressure decreasing as the number
of sports played increased (see Table 3). The prevalence of
elevated blood pressure among single-sport athletes was
23.1% compared with a prevalence of 17.6% and 14.7% for
2- and >3-sport athletes, respectively. Further detail on the
relative risks for elevated blood pressure is reported in
Table 4. Males were 1.28 times more likely to have elevated
blood pressure compared with females. Adjusting for race
and number of sports played, males were 1.24 times more
likely to have elevated blood pressure than females. There
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was a significant association between race and elevated
blood pressure (P < .001), with blacks being 1.23 times more
likely to have elevated blood pressure compared with
whites. There was a significant association between ele-
vated blood pressure status and number of sports played.
The risk of elevated blood pressure among single-sport ath-
letes was more than 1.59 times greater than athletes partici-
pating in >3 sports and 1.30 times greater compared with
2-sport athletes. There was also a significant association
between elevated blood pressure and obesity status. Obese
students were 2.40 times more likely to have elevated blood
pressure compared with nonobese students.

DISCUSSION

There are several limitations to this study. First, the authors
recognize that the results of this study may not be represen-
tative of the general population of high school student ath-
letes in the United States. In the current study, 66.4% of
athletes examined were black and 31.9% were white. Also,
football (29.9%) and basketball (14.5%) made up nearly 45%
of the athletes examined. Since lower income athletes may be
more inclined to participate in a free PPE and higher income
athletes may have greater access to a primary care medical
provider, it is possible a selection bias resulted in dispropor-
tionate representation from lower socioeconomic groups,
which are at a higher risk for obesity and hypertension.'3%®

Although the prevalence of childhood obesity has now
reached epidemic proportions, it remains a difficult condi-
tion for many providers to identify and manage. In a study
by O’Brien et al?® on pediatric patients presenting for rou-
tine health screenings, only 53% of obese patients were for-
mally diagnosed as obese in their medical record. Among the
patients diagnosed with obesity, only 33% of the medical
records contained recommendations for lifestyle and activity
modification.!! Given these findings, it is important for
sports medicine providers to recognize that obesity may be
easily overlooked during the PPE, and that screening and
treatment recommendations frequently lacked adherence to
the American Academy of Pediatrics’ guidelines for manage-
ment.!! The American Academy of Pediatrics recommends
diet and exercise as the first line of intervention for manage-
ment of obesity and hypertension in pediatric patients.'* For
many of today’s youth, sports participation is important in
mental and physical development, and given the motivation
to participate in sports, the athlete’s PPE provides the team
physician with a unique opportunity to influence the
patient’s general health decisions.

To our knowledge, this is one of the largest studies to
report the prevalence of obesity and hypertension in a pop-
ulation of otherwise healthy athletes and the only study to
examine the details of sports participation as a predictor of
obesity and elevated blood pressure. In 2007, the National
Survey of Children’s Health (NSCH) examined the general
population of adolescents in the state of Mississippi. Using
BMI, they reported a prevalence of overweight and obese
individuals to be 22.6% and 21.9%, respectively.2 In this
study, we found the prevalence of overweight and obese
participants to be 20.3% and 23.5%, respectively. Our
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current study of student athletes demonstrates a strikingly
similar prevalence of obese BMIs, which may be surprising
considering that our patient population consisted of only
athletes. This finding should be especially concerning for
public health officials and policy makers, since several
studies have identified elevated BMI in adolescents as per-
haps the greatest predictor of long-term morbidity and mor-
tality associated with cardiovascular disease.1431:37

As noted previously, this study utilized sex- and age-
specific BMI percentiles to define individuals as obese. Since
BMI does not differentiate between lean body mass and
excessive body fat—a distinction particularly relevant to our
population of student athletes—one important feature of the
current study design was critical examination of the avail-
able literature supporting utilization of BMI as a surrogate
for excessive body fat composition in pediatric patients.
When examining BMI as a screening tool for obesity, it is
also important to recognize the difference between using
BMI to classify individuals as overweight versus obese. As
the individual’s BMI percentile increases above the 95% it
becomes much less likely that the increase is secondary to
lean body mass.?® Furthermore, obesity defined as BMI
>95% 1is the established gold standard for identification of
individuals at long-term risk for adulthood obesity and is
known to track well in older populations of adolescents who
are near or beyond sexual maturity, which made up our
patient population. In a study by Whitlock et al,®® the
authors demonstrated that the probability of obesity in
adulthood is >50% among adolescents older than 13 years
with a BMI value above the 95%. All individuals in our
patient population were older than 13 years. Further, the
distribution of our athletes as overweight and obese is strik-
ingly similar to previously benchmarked values for the gen-
eral adolescent population in the state of Mississippi. The
results of our study identify an association between BMI
>95% and elevated blood pressure; however, further study
is warranted regarding long-term risk for development of
cardiovascular disease associated with obesity and hyper-
tension in the young athletes.

Another interesting finding was the prevalence of ele-
vated blood pressure among our population of athletes. It
is important to recognize that our diagnosis of elevated
blood pressure on the athlete’s initial screening does not
represent a definitive diagnosis of hypertension. The num-
ber of patients with elevated blood pressure in our study
population is alarming; however, similarly high preva-
lences have been reported in some adolescent populations.
In a recent study by Lo et al*! examining the prevalence of
hypertension in extremely obese adolescents, the authors
reported a 24.2% prevalence of elevated blood pressure dur-
ing the initial screening. In a school-based screening study
from the metropolitan Houston, Texas area, the prevalence
of elevated blood pressure screenings on initial screening
was found to vary based on race, with the be highest blood
pressure values reported in Hispanics (25%), followed by
whites (18%), blacks (17%), and Asians (16%).5” In a study
of predominantly black minority students, Jago et al'®
reported a 23.9% prevalence of elevated blood pressure in a
population of eighth grade adolescents. The present study
demonstrated similar trends, with elevated blood pressure
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at initial encounter occurring in 21.4% of high school ath-
letes. An end diagnosis of primary hypertension in pediatric
patients requires longitudinal blood pressure tracking or
multiple measurements separated by significant time inter-
vals. Definitive diagnosis of hypertension is not a goal or
realistic expectation of the PPE for student athletes. Rather,
sports medicine providers should work to accurately identify
athletes at risk for hypertension and encourage close follow-
up with their primary medical providers or medical home.

In the current study, risk factors associated with ele-
vated blood pressure included male sex, obesity, black race,
and single-sport athletes. While there is a general consen-
sus that ethnicity is an independent determinant of hyper-
tension risk in adult populations, studies examining this
association in pediatric populations have yielded conflicting
results.®>172237 In a longitudinal study of adolescent
patients over a 10-year period, Dekkers et al® found that
ethnicity was a risk factor for higher systolic and diastolic
blood pressure when controlling for growth, sex, adiposity,
and socioeconomic status. Conversely, in a study by Sorof
et al®* that tracked patients with elevated blood pressure to
an end diagnosis of hypertension, the association of ethni-
city with elevated blood pressure readings present on their
initial screening did not persist after 3 sets of screening
measurements. The authors concluded that ethnicity was
not an independent determinant of hypertension among
individuals within their patient population and highlighted
the importance of longitudinal follow-up for obese patients
identified as at-risk for hypertension. While our study
demonstrated an association between ethnicity and ele-
vated blood pressure, our results represent a first-time
encounter and screening for elevated blood pressure, not
a definitive diagnosis of hypertension. Longitudinal analy-
sis of our results would be necessary to demonstrate
whether this association would persist.

There is debate regarding the long-term health benefits
of screening for hypertension in children and adolescents.
Screening for hypertension in the ambulatory setting can
be laborious, and studies have identified that formal hyper-
tension screening may occur in as few as 35% of pediatric
ambulatory visits.!* In a report prepared for the US Pre-
ventative Service Task Force regarding blood pressure
screening in children, Thompson et al®* concluded that
there is no direct evidence that screening for hypertension
in children and adolescents reduces the morbidity of disease
in adulthood. Screening, however, is recommended for adult
populations.'*?2 Given the silent nature of hypertension as a
disease process, early recognition and management may be
the best means of preventing long-term disease morbidity,
and therefore, the principles of early diagnosis and preven-
tative management may provide the best means of minimiz-
ing long-term morbidity and mortality. Based on our
findings, we recommend a standardized approach and rou-
tine blood pressure monitoring as an important part of the
athlete’s preparticipation physical examination.

Perhaps the most significant finding in our current study
is the influence of type and number of sports on the indi-
vidual’s BMI and blood pressure. As the number of sports
reported increased, there was a uniform decrease in the
prevalence of obesity, with single-sport athletes being
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1.40 and 2.17 times more likely to be obese than 2-sport
and >3-sport athletes, respectively. Similarly, single-
sport athletes were 1.17 and 1.27 times more likely to have
elevated blood pressure compared with 2-sport and >3-sport
athletes, respectively. Recently, there has been increased
interest in the prevention of overuse injuries associated with
pediatric sports participation.**!2 While our study did not
differentiate between single-sport, single-season athletes
and individuals participating in a single sport on a year-
round basis, previous studies have linked year-round partic-
ipation in a single sport to an increased risk of overuse
injury. In addition to the prevention of overuse injury, the
results of the current study identify additional general
health benefits that may be gained from a diversified year-
round approach to sports participation such as a decreased
risk for obesity and elevated blood pressure.

It is equally important to note that our study identified
certain sports associated with a higher prevalence of obe-
sity. In our patient population, 29.9% of athletes reported
participation in football and 15.4% reported participation
in basketball. It is not our opinion that these findings
should discourage participation in specific sports but rather
to highlight the benefits of multiple sports participation. In
our methodology, we identified individuals as multisport
athletes or single-sport participants for data analysis,
believing that this information would provide practitioners
with the most accurate tools for risk assessment of their
patient populations. In our population, multisport partici-
pants were at lower risk for obesity even if they participated
in a sport associated with increased BMI. It should be noted
that the nature of certain sports—or even positions—may
lead to selection bias. Individuals with higher BMIs may
be more likely to participate in specific sports or positions.
For example, higher BMI body types may excel in sports
like football and at positions like offensive and defensive
line, while leaner body mass individuals be more suitable
for positions like wide receiver or cornerback and be more
inclined to participate in other endurance sports. Parents
and coaches should be aware of the long-term health risks
associated with obesity and encourage athletes to main-
tain a healthy body weight, especially athletes who partic-
ipate in sports or positions that may favor or reward
athletes with higher BMIs. The prevalence of obesity was
significantly lower in individuals who participated in run-
ning and endurance sports, and consequently, parents and
coaches should consider the benefits of physical education
programs emphasizing multisport and endurance sport
participation while the athletes are at a younger age.

The results of the current study confirm the progressive
nature of the obesity epidemic, which may disproportion-
ately affect individuals living in the southeastern United
States.2! While the results of our study may not be general-
ized to other geographic regions of the United States, this
study highlights the contribution of obesity to the worsen-
ing cardio metabolic profiles in our population of adolescent
athletes, with obese athletes having a 2.33-fold increase in
risk for elevated blood pressure. All participants in this
study were involved in some form of school-sponsored sport,
an activity that presents the individual with routine phys-
ical exercise during the season of participation. The CDC
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recommends that individuals aged 6 to 17 years participate
in a minimum of 60 minutes of moderate intensity aerobic
activity daily and muscle and bone strengthening exercises
at least 3 days per week.2? Our study points out that not all
forms of exercise are equal when it comes to examining an
individual’s long-term risk for obesity. Finally, this study
demonstrates the vital role that many orthopaedic sur-
geons and sports medicine physicians can play in providing
general health-screening examinations and health educa-
tion to thousands of student athletes each year.
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APPENDIX
Mississippi High School Athletic Association Standardized Preparticipation Physical Examination Form

DO NOT FOLD FORM
MISSISSIPPI ATHLETIC PARTICIPATION FORM
ATHLETIC HEALTH HISTORY
Please Print

Name Date

School Grade Sport(s)

Sex: M F Date of Birth S.S.N. - - Age
Address Home Phone

Family Physician Work Phone

Parent / Guardian Name Work Phone

FAMILY MEDICAL HISTORY
Has any member of your family under age 50 had these conditions?

Yes No Condition Whom
[J [ Heart Attack

[J [ Sudden Death

[J [ Stroke

[J [0 Heart Disease / High Pressure

[J [ Diabetes

[0 [ Sickle Cell Anemia

O O  Arthritis

[J [ Epilepsy

[J [ Kidney Disease

ATHLETE’S ORTHOPAEDIC HISTORY
Has the athlete had any of the following injuries?

Yes No Condition Date Yes No Condition Date
[J [ Head Injury / Concussion [J [ Neck Injury / Stinger

[J O ShoulderL/R O O Arm/Wrist/HandL/R

[ O ElbowL/R [0 [0 Back

O O Hip [0 O ThighL/R

[J [ KneelL/R [J [ LowerLegL/R

[J [  Chronic Shin Splints [J [ AnkleL/R

[J [ FootL/R [J [ Severe Muscle Strain

[J [ Pinched Nerve [J [J Chest

Previous Surgeries:

ATHLETE’S MEDICAL HISTORY
Has the athlete had any of these conditions?

Yes No Condition

Heart Murmur
Seizures

Kidney Disease
Irregular Pulse
Single Testicle

High Blood Pressure
Dizzy / Fainting
Surgery - What Type?
Allergies (Food, Drugs)
Date of last Tetanus Immunization

To the best of our knowledge, we have given true and accurate information and we hereby grant permission for the physical screening evaluation.
We understand the evaluation involves a limited examination and the screening is not intended to nor will it prevent injury or sudden death. We
further understand that the examination will be provided without expectation of payment and that the physician and many other medical
professionals providing services may be immune from liability under Mississippi law.

Organ Loss

Shortness of breath / coughing
during exercise

Knocked out

Heart Disease

Overnight in hospital

Hernia

Rapid weight loss / gain
Take supplements / vitamins
Heat related problems
Diabetes Menstrual irregularities
Liver Disease Recent Mononucleosis /
Tuberculosis Enlarged Spleen

ooood 0™
ooood 0™
Oooooon
Oooooon

Oooogooodgn
Oooogooodgn

WAIVER FORM
This waiver, executed this day of , 200 , by ,M.D.,
and , patient, is executed in compliance with Mississippi law, with the full understanding that

if a physician voluntarily provides needed medical or health services to any program at an accredited school in the state without expectation of
payment, the physician will be immune from liability for any civil action arising out of the provision of those medical and/or health care services
which were provided in good faith on a charitable basis. Such immunity does not extend to willful acts or gross negligence.

Typed or Printed Name of Patient Signature of Patient
or Patient’s Parent or Guardian (If Patient is 17 or younger)

(Continued)
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Information below to be filled out by physician only

Height Weight Blood Pressure Pulse
Orthopaedic Exam General Medical Exam
Norm Abnl Norm Abnl Norm Abnl
I.  Spine / Neck ENT Lungs
Cervical Heart Abdomen
Thoracic Skin Hernia (if Needed)
Lumbar General Health Comments
Il.  Upper Extremity
Shoulder
Elbow FLEXIBILITY LEFT RIGHT FLEXIBILITY LEFT RIGHT
Wrist Neck _____ ______ Shoulder
Hand / Fingers Hips . Quads
; Hams Heelcords
M. h(i)r\)/ver Extremity S Back Ext / Flex
Knee Comments
Ankle
Feet
Other Comments
OPTIONAL EXAMS
DENTAL VISION L R
123456 7 8 9 10 11 12 13 14 15 16 Comments:
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

Comments
[ 1From this limited screening | see no reason why this student cannot participate in athletics
[ [ Student needs further evaluation as described

, M.D.

Typed or Printed Name of Physician Signature of Physician
PHYSICIAN - WHITE SCHOOL - CANARY PARENT/GUARDIAN - PINK
DO NOT FOLD FORM MSMOC 62 Rev. 3/03
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