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Abstract

Knowledge of cardiovascular adaptations in athletes has predominantly focused on males, with
limited data available on females who compromise a substantial percentage of all collegiate
athletes. A multicenter retrospective cohort review of preparticipation cardiovascular screening
data of 329 National Collegiate Athletic Association Division | female athletes was performed.
This included physical exams, electrocardiograms, and echocardiograms. Female athletes in class
IB sports had elevated systolic blood pressure (p = 0.01). For electrocardiograms, 7 (2%) had
abnormal findings: 100% were white; 6 of 7 (86%) participated in I1C sports. Black athletes had
longer PR intervals (p < 0.001), whereas white athletes had longer QTc and QRS durations (p =
0.02 and 0.01, respectively). Athletes in IC and 11C sports had longer QTc intervals (p = 0.01).
For echocardiographic parameters, no differences were noted based on race. However, significant
differences were noted based on classification of sport: athletes in class IC sports had higher left-
atrial volume indexes and E/A ratios. Athletes in class IB and 11C had increased left-ventricular
wall thicknesses and aortic root dimensions. In conclusion, among one of the largest cohorts of
collegiate female athlete preparticipation cardiac screening data to date, significant differences in
various parameters based on classification of sport and race were observed. These categorizations
should be considered when interpreting cardiovascular screening in female collegiate athletes to
improve screening and guide future research.
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Over the past several decades, increased emphasis has been placed on cardiovascular
screening of collegiate athletes. This trend has led to the evolution of the preparticipation
evaluation (PPE) to include screening electrocardiograms (ECGs) and transthoracic
echocardiograms (TTEs). In 2017, the International Criteria for Electrocardiographic
Interpretation in Athletes provided an updated consensus of normal versus abnormal ECG
changes in athletes. Similarly, initial studies reviewing TTEs in male athletes have noted
distinct differences in the athletic heart such as larger left ventricular cavities, septal sizes,
and wall thickness with unclear clinical significance.2 Whereas such initial studies have
aided our understanding of cardiac differences in athletes, the overwhelming majority have
focused on men. Since the “Title IX Act” of 1972 there has been a dramatic increase in
female participation in competitive sports. Additionally, mortality due to cardiovascular
disease has continued to decrease overall in the United States, but the decline is almost
nonexistent among younger women.# As much of the existing literature has focused on
cardiac changes in male athletes, a better understanding of the normal physiologic cardiac
changes occurring in elite female athletes is important to provide a framework to assess
for those at risk for adverse cardiovascular outcomes. Accordingly, we investigated physical
and cardiac evaluations from the time of PPE in a cohort of National Collegiate Athletic
Association Division | female athletes.

A retrospective cohort review of PPE data of 329 eligible female collegiate athletes cleared
for participation from the University of Florida (2012 to 2019) and the University of
Georgia (2010 to 2015) was performed. Female athletes were eligible for inclusion if

they were enrolled in the University of Florida Athletic Association Cardiac Databank

or presented for the institutional requirement PPE to participate in National Collegiate
Athletic Association Division | athletics at the University of Georgia during the respective
dates. Basketball, soccer, lacrosse, track and field, cross country, softball, gymnastics,
swimming, and volleyball athletes were included. PPE included American Heart Association
Preparticipation Cardiovascular Screening 14-element personal and family history, physical
examination, a 12-lead ECG, and a TTE.> All athletes received full clearance to play, and
none were known to have been excluded during their subsequent career. Subgroup analyses
were performed based on self-reported race and categorization of static and/or dynamic
component of training based on the American Heart Association and/or American College of
Cardiology Scientific Statement Task Force 1 (Table 1).8 Categories for race were “black”
and “white.” Eight athletes reported “other” category for race and were excluded from race
analyses due to small number.

Standard 12-lead ECGs were performed on all athletes at a speed of 25 mm/s using
automatic measurements. Six physicians analyzed all of the ECGs in the study with 81%
read by 1 cardiologist for clinical purposes. Baseline characteristics included heart rate,
QRS duration, QTc duration, and PR interval calculated by automatic ECG machine
measurements. ECG findings were subsequently classified as normal, borderline, or
abnormal based on the international criterial at the time of data entry by trained clinical
staff with physician supervision. Most studies were performed en masse by Athletic Heart’
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during routine PPE at each institution. Eight physicians analyzed all TTEs in the study
with 80% being read by 1 cardiologist. Athletes who missed initial screening days had
TTEs performed on a GE Vivid E9 echocardiography machine with an M5 cardiac probe at
each institution’s designated cardiology office. Measurements were based on the American
Society of Echocardiography recommendations for chamber quantification in adults.8 Left
atrial diameter, interventricular septum thickness, posterior wall thickness, left ventricular
end diastolic diameter (LVEDD), left ventricular (LV) end systolic diameter, and aortic
root diameter were measured from a parasternal long axis view. Left atrial volumes were
calculated using bi-plane method of disks and indexed to body surface area left atrium
volume index, LV diastolic function was assessed using pulsed wave Doppler at the tips

of the mitral valve leaflets in diastole (E/A ratio), in addition to tissue Doppler imaging of
the lateral and medial mitral valve annulus (e”). LV systolic function was calculated using
biplane method of disks, or visually in athletes with suboptimal image quality. Valvular
disease of = moderate severity was assessed based on recommendations of the American
Society of Echocardiography guidelines and standards for echocardiographic assessment of
valve stenosis and native valvular regurgitation. 910

Data analyses were performed using the IBM SPSS V.24 statistical package (IBM, Armonk,
NY). Data were summarized using descriptive statistics. Median and interquartile ranges
were reported in addition to means and standard deviations as many variables showed
evidence of significant skew. Main effects of race and static and/or dynamic sport
classification® were assessed using parametric or non-parametric analyses depending on
normality of the data (independent samples ftest or Mann-Whitney U for race; analysis

of variance or Kruskal-Wallis for static and/or dynamic sport classification). Statistical
significance for main effects was defined a priori as unadjusted p <0.05. Significant

main effects of static and/or dynamic sport classification were followed up with post hoc
pairwise comparisons with Bonferroni adjustment for multiple comparisons. A p <0.05 was
considered statistically significant.

A total of 329 collegiate female athletes were included (Table 2). Black female athletes were
taller, weighed more, and had higher body surface area than white athletes (all p <0.001).
When classified by the static and/or dynamic component of their sport, most (56%) were

in category 11C followed by IC (18%), IB (13%), 1IB (7%), and I11A (6%). There was

a significant effect of static and/or dynamic component of sport on height, weight, body
mass index, body surface area, and systolic blood pressure. Athletes in category IC had the
greatest values for height, weight, body surface area, and systolic blood pressure.

Baseline ECG characteristics are summarized in Table 3. Values for QRS duration, QTc
duration, and PR duration were within the normal range when compared with normal values
for adults.11 Black female athletes had longer PR intervals (p <0.01) whereas white athletes
had longer QRS and QTc durations (p = 0.01 and 0.02). A difference was noted in QTc
duration between the static and/or dynamic category of sport. Women in highly dynamic
and/or low-moderate static sports (category IC and 11C) had longer QTc durations when
compared with women in low dynamic and/or high static sports (category I11A) (p = 0.002
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and 0.001). There were 7 athletes with abnormal ECG findings: all were white, 6 were

in Group 1IC, and 1 was in Group IC. The abnormal ECG characteristics included 3 with
T-wave inversions, 1 with pathologic Q-wave, 2 with prolonged QT intervals, and 1 with
premature ventricular contractions. ECG findings were classified as borderline in 4 athletes:
3 white and 1 black. When grouped by static and/or dynamic component of sport, borderline
ECG characteristics were noted in 2 athletes in Group IC, 1 in Group IB, and 1 in Group
I1C. The borderline findings included 2 left atrial enlargement and 2 right axis deviations.

Cardiac dimensions, derived by echocardiography, are summarized in Table 4. All values
were within the normal range defined by the American Society of Echocardiography
guidelines except for the mitral valve E/A ratio. There was no significant effect of race

on cardiac dimensions. However, when analyzed by the static/dynamic component to sport,
a significant main effect was noted for left atrial dimension, LVEDD, LV end systolic
diameter, posterior wall thickness, aortic root diameter, interventricular septum thickness,
left atrial volume index, and mitral Valve E/A ratio. Women in class 11C sports had greater
values for posterior wall thickness (p = 0.003), interventricular septum thickness (p = 0.01),
and LVEDD (p = 0.025) compared with women in class 11B sports. With regard to left atrial
dimension, women in class 11C sports had greater values compared with women in class
I11A sports (p = 0.03). Women in class 11C sports had greater values for LVEDD compared
with women in class 1A sports (p = 0.02). Women in class IC sports had higher E/A ratios
compared with women in class 11C sports (p = 0.04).

White athletes had the highest percentage of valvular insufficiency (49.6%). No athletes had
any degree of valvular stenosis. Tricuspid valve insufficiency was the most common valvular
insufficiency (Figure 1). When analyzed by static/dynamic component of sports, for valvular
insufficiency of moderate or greater, athletes in class 11C had the highest prevalence (n = 4,
moderate tricuspid regurgitation (TR) = 2, moderate PR = 1, moderate and/or severe TR = 1)
followed by athletes in class IC (n = 1, moderate TR = 1). Overall, athletes in class 1B had
the highest frequency of valvular insufficiency (62%). Only 1 (0.3%) had a bicuspid aortic
valve. Left-ventricular hypertrophy was present in 33 (10%) of athletes, and 5 (1.5%) had an
atrial septal defect whereas 1 (0.3%) had a ventricular septal defect. An aortic root diameter
>3.7 cm was found in only 1 (0.3%) athlete and 6 (1.8%) had a dilated left ventricle with
LVEDD >5.6 cm.

Discussion

Athletes can develop physiologic or pathologic cardiac remodeling due to intense physical
training regimens and changes in body habitus. The majority of studies examining cardiac
remodeling in collegiate athletes have focused on men. We sought to identify the PPE
features of female athletes, including ECG and TTE data, to establish a reference for
collegiate female athletes. In general, the majority of our findings were similar to published
normative values.8 There was a significant difference noted in height, weight, and body
surface area between white and black athletes, with black athletes being taller, weighing
more, and having higher body surface area. When separated into static and/or dynamic
aspect of sport, there were significant differences between height, weight, body surface area,
body mass index, and systolic blood pressure. Athletes in low static and moderately dynamic
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sports (softball and volleyball) on average had the highest values for height, weight, body
surface area, and systolic blood pressure.

The ECG findings for QRS, QTc, and PR duration were all within normal limits compared
with standard normal values. Black athletes had longer PR intervals whereas white athletes
had longer QRS durations. QTc duration was longer in athletes who participated in sports
with a high dynamic component. Seven female athletes (2%) had abnormal ECG findings.
No pathologic findings were identified, and they all had subsequent normal TTEs. The
majority of athletes with abnormal ECG findings participated in moderately static and/or
highly dynamic sports (11C). Of note, this group did contain the largest number of athletes
(I1C n = 184), so the incidence of abnormal ECG findings should be taken with caution.

TTE measurements were within the normal range when compared with the American
Society of Echocardiography values for adults.810.12 There was a trend toward higher E/A
ratio (>2) in both black and white athletes which is a common finding among trained
athletes.13 There were no significant differences in TTE measurements by race; however,
when athletes were grouped by static and/or dynamic level of sports, there were statistically
significant differences in left atrial and LV dimension, LV wall thickness, aortic root
diameter, and mitral valve E/A ratio. The results indicate the importance of the static
and/or dynamic component of the sport with regard to cardiac remodeling and diastolic
filling. Prior studies have revealed that endurance athletes (low-moderate static and/or highly
dynamic) tend to have volume adaptations with more significant chamber dilation on TTE,
including left atrial size, as well as early diastolic filling and an elevated E/A ratio, likely

as a consequence of higher preload and cardiac output.14-16 LV dilation manifests as an
increase in LVEDD, thus traditional threshold values for pathologic LVEDD should not be
utilized among endurance athletes.1® In contrast, strength and power activities (high static
and/or low-moderate dynamic) show adaptations based on a pressure challenge which can
lead to mild concentric LV hypertrophy, sparing the atria and right ventricle.14

Care should be taken with extending data from studies in male athletes to female athletes
as multiple studies have shown differences in trends in PPE, ECG, and echocardiogram
data between male and female athletes. In a study of 80 collegiate male American style
football players, no significant difference was noted in height, weight and body surface area
based on race.18 This is in contrast to our data on female athletes, which noted significantly
higher values for height, weight and body surface area in black athletes. Furthermore,

there was a trend towards higher average blood pressure values among male collegiate
athletes when compared with our female athletes (systolic blood pressure 126 + 10 vs

118 + 10). A similar trend of differences in PPE characteristics has also been reported in
European studies. In a systematic investigation of 2,352 Olympic athletes participating in a
variety of Olympic sports by Pelliccia et al, a significant difference was noted in systolic
blood pressure between male and female athletes, with male athletes having higher blood
pressures.1’ Likewise, differences in ECG characteristics based on sex have been observed
in athletes.1® In a study of 1,436 collegiate athletes participating in a variety of sports
including soccer, running, strength training and fighting sports, male athletes were noted

to have significantly higher PR intervals, QRS durations, incidence of sinus bradycardia,
incomplete right bundle branch block, early repolarization and QRS voltage criteria for
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LV hypertrophy. Female athletes had higher QTc intervals.® Similarly, in the International
Criteria, important differences based on sex are noted, including females having a higher
incidence of anterior T wave inversions and longer QT intervals.l

In addition to differences in PPE and ECG, distinct differences have also been noted

on TTE evaluation of collegiate male and female athletes. Mean LVEDD in collegiate

male American style football players was 53 £ 5 mm compared with 47 + 5 mm among

our athletes.1? Similarly, mean values for interventricular septum thickness, posterior wall
thickness, left atrial dimension, aortic root diameter, and LV ejection fraction were all higher
than those for female athletes in our study.19 Differences in TTE findings between elite
male and female athletes have also been reported in European studies.1”-20:21 |n a systematic
review of Olympic athletes by Pelliccia et al, male athletes had statistically significant
greater septal wall thickness, LV posterior wall thickness, LV cavity dimension, LV ejection
fraction, left atrial dimension, and aortic root diameter than female athletes. Reasons for
differences in the adaption of the elite female athlete’s heart compared with the elite male
athlete’s heart are uncertain. Nevertheless, these differences highlight the fact that data from
the male athletic population should not simply be extrapolated to their female counterparts.

To the best of our knowledge this is the first summary of such data exclusive to Division |
female athletes. This is very timely considering concerns about the lack of decline in adverse
outcomes among younger women, which is seen in the remainder of the population. The
training of female athletes is likely widely varied before beginning their collegiate careers,
but if longitudinal follow-up yields significant findings in adverse outcomes, this is likely
to foster training changes. Due to institutional privacy policies, and the fact that it was

not possible to de-identify data from certain subgroups, over-reading was eliminated. In
some instances, sample groups were sufficiently powered to detect main effect, however
subgroup analysis was not sufficient to detect pairwise differences. Furthermore, due to the
retrospective nature of the analysis, a Kappa index of agreement of the ECG measurements
was unable to be performed.

In conclusion, for a cohort of NCAA division | female athletes, PPE, ECG, and TTE results
were within established normative values aside from mitral valve E/A ratios which were
elevated but still considered a normal finding in athletes.1:8:10.12.17 gjgnificant differences
were noted based on separation into static/dynamic component of sport in systolic blood
pressure, abnormal ECG findings, left atrial dimension, LV wall thickness, aortic root
diameter, and mitral valve E/A ratio. This reinforces that the classification of sport is an
important factor in cardiovascular remodeling and interpretation of cardiovascular screening
tests. We believe that these data will help to identify trends in cardiovascular adaptation
among female athletes that will lead to improved screening and guide future research.
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Figure 1.

Valvular insufficiency in collegiate female athletes.
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Table 1.

Classification of sport based on static/dynamic component®

A. (Low dynamic <50%0)

B. (Moderate dynamic 50-75%0)

C. High dynamic (>75%)

111, High Static (>30%) Flgé'rptﬂfg\t,'v‘ff]g) N/A N/A
Swimming
. . Field (jumping) Track (mid-distance)
1. Moderate Static (10-20%) N/A Track (sprint) Basketball
Lacrosse
: Softhall Soccer
I Low Static (<10%) N/A \olleyball Track (distance)/XC

N/A= No athlete(s) participating in this category included
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