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IMPORTANCE There is a paucity of data detailing cardiac remodeling in female athletes
compared with male athletes. The lack of reference cardiac data for elite female basketball
players or female athletes of similar size makes it difficult to differentiate athletic remodeling
from potential underlying cardiac disorders in this population of athletes.

OBJECTIVE To assess cardiac structure and function in elite female basketball players.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional echocardiographic study included
140 Women's National Basketball Association (WNBA) athletes on active rosters for the 2017
season. The WNBA mandates annual preseason stress echocardiograms for each athlete. The
WNBA has partnered with Columbia University to annually perform a review of these studies.
Data analysis was performed from June 7, 2017, to October 5, 2017.

MAIN OUTCOMES AND MEASURES Echocardiographic variables included left ventricular (LV)
dimensions, wall thickness, mass, prevalence of LV hypertrophy, aortic dimensions, right
ventricular (RV) dimension, and right and left atrial size. Linear regression was used to assess
the associations between cardiac structure and function with body size quantified as body
surface area (BSA) in the primary analysis.

RESULTS A total of 140 female athletes (mean [SD] age, 26.8 [3.9] years; 105 [75.0%] African
American) participated in the study. Mean (SD) athlete height was 183.4 (9.0) cm, and mean
(SD) BSA was 2.02 (0.18) m?. Compared with guideline-defined normal values, LV
enlargement was present in 36 athletes (26.0%) and 57 athletes (42.2%) had RV
enlargement. There was a linear correlation between LV and RV cavity sizes and BSA
extending to the uppermost biometrics (LV cavity size: r, 0.48; RV cavity size: r, 0.32; P < .001
for both). Maximal left ventricular wall thickness (LVWT) ranged from 0.6 to 1.4 cm, with 78
athletes (55.7%) having LVWT of 1.0 cm or greater and only 1athlete (0.7%) having LVWT
greater than 1.3 cm. Twenty-three athletes (16.4%) met the criteria for left ventricular
hypertrophy (LVH) (>95 g/m?). Eccentric LVH was present in 16 athletes (69.6%), concentric
LVH in 7 athletes (30.4%), and concentric remodeling in 27 athletes (19.3%). Mean aortic root
diameter was 3.1 cm (95% Cl, 3.0-3.2). Only 2 athletes (1.4%) had guideline-defined aortic
enlargement compared with a range of 18% to 42% for left and right ventricular and atrial
enlargement.

CONCLUSIONS AND RELEVANCE In this study, increased cardiac dimensions were frequently
observed in WNBA athletes. Both BSA and physiologic remodeling affected cardiac
morphologic findings. This study may provide a framework to define the range of athletic
cardiac remodeling exhibited by elite female basketball players.
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ardiac remodeling frequently develops in response to

the hemodynamic demands of intensive athletic train-

ing. Increased left ventricular (LV) mass caused by mild
LV chamber enlargement and/or increased wall thickness has
been consistently described in athletes engaged in a wide va-
riety of sporting disciplines.”* A study by Engel et al® re-
ported the findings of an echocardiographic analysis in a large
cohort of male professional basketball players. A detailed de-
scription of athletic cardiac remodeling in this athlete group
isimportant because basketball is aleading sport globally and
youth and collegiate basketball players have been reported to
have a higher incidence of sudden cardiac death compared with
other athlete groups.®” Hypertrophic cardiomyopathy is a
prominent cause of exercise-triggered sudden cardiac death.
Thus, reference data that help to differentiate cardiac remod-
eling due to intensive athletic training from similar cardiac
structural changes associated with hypertrophic cardiomyo-
pathy and other cardiomyopathies are clinically important in

basketball players.®”

Women are underrepresented in the echocardiographic
studies that assess the cardiac morphologic changes associ-
ated with athletic training. They comprise a smaller propor-
tion of competitive athletes, which may partially account for
a smaller number of sport-related sudden cardiac death
events.®” However, the increasing participation of women in
sports previously dominated by men has heightened the need
tounderstand and distinguish physiologic remodeling from po-
tential underlying cardiac disorders in female athletes. Few
of large numbers
of female athletes have been performed. These studies*#° col-
lectively examined female athletes participating in a wide va-
riety of sporting disciplines. Basketball players and other fe-
male athletes of similar size comprise only a small proportion
of the population of athletes examined. Thus, no large-scale
or sport-specific reference echocardiographic data are cur-
rently available for female basketball players. We assessed the
phenotypic characterization of cardiac structure and func-
tion associated with athletic training in a large cohort of fe-
male professional basketball players in the Women's National

large-scale echocardiographic analyses*8-°

Basketball Association (WNBA).

Methods
Study Participants

This cross-sectional echocardiographic study included WNBA
athletes on active rosters for the 2017 season. The policies of
the WNBA mandate that each athlete on a team roster un-
dergo an annual rest and exercise stress echocardiogram as part
of the annual cardiac screening examination requirement. The
review and analysis of the echocardiograms for this study were
approved by the WNBA, the Women's National Basketball Play-
ers Association, and the institutional review board of Colum-
bia University Irving Medical Center. All echocardiographic data
were deidentified. Pursuant to approval from the institu-
tional review board of Columbia University Irving Medical Cen-
ter, informed consent was not required for this study because
echocardiograms were obtained as part of the routine evalu-
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Key Points

Question What is the spectrum of cardiac remodeling in elite
female basketball players?

Findings In this cross-sectional echocardiographic study of 140
Women's National Basketball Association athletes with mean body
surface area of 2.02 m?, left ventricular enlargement was present
in 26.0% and right ventricular enlargement in 42.2% of athlete
and maximal left ventricular wall thickness was 1.0 cm or greater in
55.7% and greater than 1.3 cm in 0.7% of athletes; 16.0% of
athletes met criteria for left ventricular hypertrophy, mean aortic
root diameter was 3.1cm, and only 1.4% of athletes had
guideline-defined aortic enlargement.

Meaning In this study, increased cardiac dimensions except for
aortic root were frequently present in Women's National
Basketball Association athletes.

ation of all athletes, anonymized, and analyzed retrospec-
tively.

The 2017 preseason echocardiograms performed by WNBA
team-affiliated physicians were sent in digital format to Co-
lumbia University Irving Medical Center for core laboratory re-
view and analysis via a league-wide electronic medical rec-
ords system. Among the 144 athletes on active rosters during
the 2017 WNBA season, 140 athletes with adequate echocar-
diographic images for research analysis were included in this
study. Race/ethnicity of athletes was determined by the in-
vestigators.

Echocardiographic Analysis

Transthoracic echocardiograms were performed using com-
mercially available systems. All 2-dimensional measure-
ments were completed in accordance with the American So-
ciety of Echocardiography (ASE) and European Association of
Cardiovascular Imaging (EACI) guidelines on chamber
quantification.!© Left ventricular end-diastolic diameter
(LVEDD), interventricular septum and inferolateral wall thick-
ness (LVWT), left atrial (LA) anteroposterior diameter, and aor-
ticroot diameter were measured from the parasternal long axis
view. Aortic dimensions were measured using leading edge to
leading edge technique. Left atrial volume was calculated using
the biplane area-length method. Right atrial volume was cal-
culated using a single-plane measurement in the apical 4 cham-
bers. The left ventricular ejection fraction (LVEF) was calcu-
lated using the modified Simpson biplane method in 128
athletes (91.4%) with technically adequate views and was vi-
sually estimated in 12 patients (8.6%). Right ventricular (RV)
basal and midventricular diameter were measured in an api-
cal 4-chamber RV-focused view. In accordance with guide-
line recommendations, chamber dimensions and LV mass were
indexed to body surface area (BSA) (square root [height
(cm) x weight (kg)1/3600). Left ventricular hypertrophy (LVH)
was defined as left ventricular mass index (LVMI) greater than
95 g/m.%° Left ventricular relative wall thickness (RWT) was
calculated as [2 x (inferolateral wall thickness)/LVEDD]. Dia-
stolic function was assessed using the ASE and EACI
algorithm.!
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Table 1. Characteristics of WNBA Athletes Overall and Stratified by Race/Ethnicity

Mean (SD)

Overall, mean (SD) [range] African American White
Characteristic (N = 140) (n=105) (n =30) P value®
Age, y 26.8(3.9) [21-37] 26.9 (3.7) 26.7 (4.3) .81
Height, cm 183.4(9.0) [147-201] 183.4(8.8) 183.5(9.7) .98
Weight, kg 79.6 (11.8) [54.9-127.0] 80.0(12.2) 79.1(10.6) .73 Abbreviations: BSA, body surface
BSA, m? 2.02 (0.18) [1.62-2.51] 2.02(0.18) 201(0.17) .68 area (calculated as the square root of
- [height in centimeters x weight in
Heart rate, /min 56.4 (8.6) [40-90] 57.3(9.0) 53.6(6.4) .04 kilograms]/3600); WNBA, Women's
Blood pressure, mm Hg National Basketball Association.
Systolic 115.6 (10.7) [96-147] 115.4(11.4) 115.1(7.9) .92 ? Pvalue is for the comparison
Diastolic 70.3 (8.0) [49-92] 70.2(8.5) 70.8(6.8) .76 between African American and

white athlete groups.

A single reader (S.S.) analyzed all echocardiograms in this
study. Reproducibility was assessed using 20 echocardio-
grams in which core dimensions were measured and intra-
class correlation coefficients were calculated for each mea-
sure. The intraclass correlation coefficients were 99% for
LVEDD, 96% for aortic root diameter, and 91% for RV basal di-
mension. The mean intraobserver difference was 0.15 mm for
LVEDD, 0.35 mm for aortic root diameter, and 0.7 mm for RV
basal dimension. A second reader (D.J.E.) independently ana-
lyzed a random subset of 20 echocardiograms to quantify in-
terreader variability. The intraclass correlation coefficients were
96% for LVEDD, 97% for aortic root diameter, and 95% for RV
basal diameter (eFigures 1-3 in the Supplement).

Statistical Analysis

Continuous variables are presented as mean (SD) and mean
(95% CI). Categorical variables are presented as number (per-
centage). Kolmogorov-Smirnov tests were performed to as-
sess the normality of all variables. Skewed data were log trans-
formed, and the transformed data were used for all analyses.
To allow for the most flexible possible associations between
measures of cardiac structure and body size, cubic spline mod-
els were applied, and Wald tests were used to assess the over-
all associations and whether the associations deviated from
linearity. Linear regression was used to assess the associa-
tions between cardiac structure and function with body size
quantified as BSA in the primary analysis. In secondary analy-
ses, the associations with height (in centimeters, square cen-
timeters, and centimeters to 2.7 power) were also examined.
We tested for interactions among all 4 cardiac chamber di-
mensions, LV mass, and aortic root dimension with race/
ethnicity. This subgroup analysis was confined to African
American and white athletes given well-established data char-
acterizing differences in cardiac athletic remodeling in male
African American and white athletes'>'® and the small num-
ber of nonwhite or non-African American athletes (5 [3.5%]).
Scatterplots with a Pearson product-moment correlation were
performed to quantify the associations between cardiac struc-
ture and body size.

A 2-sided P < .05 was the threshold for statistical signifi-
cance. Statistical analyses were performed using STATA/MP,
version 15.1 (StataCorp LLC). Data analysis was performed from
June 7, 2017, to October 5, 2017.
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Results

Characterization of the Study Population

Atotal of 140 female athletes (mean [SD] age, 26.8 [3.9] years;
105[75.0%] African American) participated in the study. Table 1
gives the baseline characteristics of the study population. The
mean (SD) athlete height was 183.4 (9.0) cm, mean (SD) weight
was 79.6 (11.8) kg, and mean (SD) BSA was 2.02 (0.18) m?. Mean
(SD) resting blood pressures were 116 (11)/70 (8) mm Hg, and
mean (SD) heart rate was 56/min (9/min).

Ventricular and Atrial Dimensions in WNBA Athletes
Ventricular and atrial dimensions in the WNBA athletes are pre-
sented in Table 2. The LVEDD ranged from 4.1 to 6.0 cm (mean
LVEDD, 5.0 cm; 95% CI, 5.0-5.1 cm), and 36 players (26.0%) had
LV dilation defined as LVEDD greater than 5.2 cm by ASE guide-
lines. Although a significant number of players had LV dilation,
LV cavity sizes were predominately normal compared with ref-
erence female adult sizes when adjusted for BSA except forin1
player who had an indexed LVEDD of 3.2 cm/m? (3.1 cm/m? being
the upper range of normal).'® We found a positive linear associa-
tion between LVEDD and BSA in the athlete group (r, 0.48; P <
.001) (Figure 1A). The RV basal dimension was measured in 135
athletes and ranged from 3.1to 5.2 cm (mean RV basal diameter,
4.0 cm; 95% CI, 4.0-4.1 cm). Fifty-seven athletes (42.2%) had an
enlarged basal RV dimension greater than 4.1 cm, and the linear
association between the RV basal dimension and BSA was weakly
correlated (r, 0.32; P < .001) (Figure 1B).

The LA diameter ranged from 1.7 to 4.6 cm (mean LA di-
ameter, 3.4 cm; 95% CI, 3.3-3.5), and there was a correlation
between LA volume and BSA (r, 0.43; P < .001) (Figure 1C). The
mean LA volume index was 32.6 mL/m? (95% CI, 31.2-
33.9 mL/m?2); LA enlargement (LA volume index
>34.0 mL/m?) was present in 57 athletes (40.7%). The mean
RA volume index was 25.5 mL/m? (95% CI, 24.4-26.7 mL/m?)
and was correlated with BSA (r, 0.38; P < .001) (Figure 1D). The
RA enlargement (defined as RA volume index >33 mL/m?) was
present in 25 athletes (18.2%).

LV Remodeling
Maximal LV wall thickness (LVWT) ranged from 0.7 to 1.4 cm,
with a mean (SD) interventricular septal thickness of 0.9 (0.1)
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Table 2. Distribution of Echocardiographic Findings in WNBA Athletes

Percentile
Variable Mean (95% Cl) 10% 25% 50% 75% 90%
Left ventricle
LVEDD, cm 5.0(5.0-5.1) 4.6 4.8 5.0 5.4 5.6
LVESD, cm 3.4(3.3-3.4) 2.9 3.1 3.3 3.7 3.9
Maximum LVWT, cm 0.99(0.97-1.01)
LVM, g 170.2 (164.3-176.0) 123.9 148.1 167.7 192.2 212
LVMI, g/m? 84.1(81.7-86.5) 66.2 75.1 84.3 93.4 100.4
RWT, cm 0.39(0.38-0.40) 0.32 0.35 0.38 0.42 0.48
LVEF, % 55.7 (55.1-56.3) 0.51 0.53 0.56 0.58 0.60
Normal geometry, No./total No. (%) 90/140 (64.3)
Concentric, No./total No. (%)
Remodeling 27/140 (19.3) NA NA NA NA NA
Hypertrophy 7/140 (5.0) NA NA NA NA NA
Eccentric hypertrophy, No./total No. (%) 16/140 (11.4) NA NA NA NA NA
Right ventricle
RV basal diameter, cm 4.0 (4.0-4.1) 3.5 3.8 4.1 4.3 4.5
Atria
Left atrium
Diameter, cm 3.4(3.3-3.5) 2.9 3.1 3.4 3.7 4.0
Volume, mL 65.1(62.2-67.9) 43.9 53.2 64.4 78.2 86.4
Volume index, mL/m? 32.6 (31.2-33.9) 23.0 26.4 31.5 37.5 43.4
Right atrium
Volume, mL 51.6 (49.0-54.1) 35.74 40.72 48.80 61.76 74.16
Volume index, mL/m? 25.5(24.4-26.7) 17.74 20.26 24.92 28.88 35.16
Aorta
Root, cm 3.1(3.0-3.2) 2.7 2.9 3.1 33 3.6
Ascending, cm 2.8(2.8-2.9) 2.5 2.6 2.8 3.0 3.2
Transverse, cm 2.5(2.5-2.6) 2.1 2.3 2.5 2.8 2.9

Abbreviations: LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LVESD, left ventricular end-systolic diameter;
LVM, left ventricular mass; LVMI, left ventricular mass indexed to body surface

area; LVWT, left ventricular wall thickness; NA, not applicable; RV, right
ventricle; RWT, relative wall thickness; ; WNBA, Women's National Basketball
Association.

and a mean (SD) posterior wall thickness of 1.0 (0.1) cm, with
78 athletes (55.7%) having an LVWT of 1.0 cm or greater and
only1athlete (0.7%) having an LVWT greater than 1.3 cm. There
was a linear association of LV mass with BSA (r, 0.59; P < .001)
(Figure 2). Mean LVMI was 84.1 g/m? (95% CI, 81.7-86.5 g/m?),
with 23 athletes (16.4%) meeting the ASE criteria for LVH (>95
g/m?). Of the athletes with LVH, 16 (69.6%) had eccentric LVH
and 7 (30.4%) had concentric LVH. Of the remaining athletes
with normal LV mass, 27 (23.1%) had concentric remodeling
and 90 (76.9%) had normal LV geometry.

LV Function

The LVEF in WNBA athletes ranged from 44% to 65%, with a
mean LVEF of 55.7% (95% CI, 55.1%-56.3%). Twenty-one ath-
letes (15.0%) had resting LVEF less than 52%, and 4 (2.9%) had
LVEF less than 50%; all of these athletes demonstrated normal
augmentation of LV systolic function after exercise stress test-
ing. The LV diastolic function was normal at rest in all athletes.

Aortic Dimensions

The aortic root diameter ranged from 2.3 to 4.5 cm (mean aor-
ticroot diameter, 3.1 cm; 95% CI, 3.0-3.2), with 9 athletes (6.4%)
meeting the criteria for aortic root enlargement by ASE criteria
(aorticroot diameter >3.7 cm). Only 2 athletes (1.4%) had an aor-

JAMA Cardiology September 2020 Volume 5, Number 9

ticroot diameter of 4.0 cm or greater, and 1athlete had a bicus-
pid aortic valve with borderline normal aortic root dimension
(3.7 cm). The aortic root had a positive association with BSA (r,
0.41; P < .001) (Figure 3). In contrast to our findings for ven-
tricular size and mass, the fitted mean and 95% CI for aortic root
diameter remained within the ASE guideline reference range
across the spectrum of BSA for WNBA athletes (Figure 3).

Associations Between Cardiac Structure and Function

and Body Size

In accordance with ASE guidelines, all cardiac dimensions were
indexed to BSA. In sensitivity analyses, we additionally exam-
ined the associations between cardiac dimensions and height.
In this group of female athletes, we found that BSA compared
with alternative indexing methods that account exclusively for
height correlated best with all cardiac chamber and aortic sizes.

Racial/Ethnic Variation in the Associations

Between Cardiac Structure and Function

In comparing cardiac dimensions by race/ethnicity, white ath-
letes had larger LVEDD (mean LVEDD, 5.2 cm [95% CI, 5.1-5.4
cm] vs 5.0 [95% CI, 5.0-5.1cm] cm; P = .03) and aortic root di-
ameter (mean aortic root diameter, 3.2 cm [95% CI, 3.1-3.4 cm]
vs 3.1 cm [95% CI, 3.0-3.1 cm]; P = .02). The eTable in the
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Figure 1. Associations Between Cardiac Chamber Size and Body Surface Area (BSA)
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Supplement gives the other echocardiographic findings of the
study participants.

|
Discussion

This is the first study, to our knowledge, to assess the cardiac
adaptations associated with intense physical training among
elite female basketball players. Our study differs from the few
previously published echocardiographic examinations of fe-
male athlete groups in that the athletes in the current study
were predominately African American (75.0%) and had sig-
nificantly larger heights and BSA. In addition, because the study
focused on a single-sport study rather than being a pooled
analysis of athletes engaged in multiple sports, the cardiac data
represent adaptation to similar physiologic demands. The re-
sults provide important additive cardiac reference data for fe-
male athletes and, to our knowledge, are the only such refer-
ence data for female basketball players.

We observed that LV cavity sizes in WNBA athletes were
similar to those previously reported in mixed-sport, white fe-

jamacardiology.com

male athletes studied at the Institute of Sports Science in Rome®
and elite mixed-sport, white female athletes studied in the UK.*
After LV chamber size was indexed to body size (BSA), how-
ever, we observed differences in the WNBA group compared
with these other female athlete groups. Only 0.7% of WNBA
players had an enlarged LV cavity size when indexed to BSA
compared with 18% of the female athletes studied in the UK.*
Although we found less LV dilation in WNBA athletes com-
pared with other female athlete groups, we observed greater
increases in LVWT and indexes of concentric geometry. A total
of 55% of WNBA athletes had an LVWT of 1.0 cm or greater com-
pared with 9% of previously studied elite Italian female
athletes.® In addition, relative wall thickness was higher in
WNBA players than previously reported in mixed-sport fe-
male athletes in the UK (0.39 in WNBA athletes compared with
0.35in UK athletes).* Eccentric LVH was more prevalent in the
UK athletes than in WNBA athletes (21% vs 11.4%), whereas con-
centric geometry (concentric remodeling and concentric hy-
pertrophy) was significantly more prevalent in WNBA ath-
letes (24.2% vs 7.7%). Of note, most athletes with normal LV
mass had normal LV geometry, consistent with a prior study.*
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Figure 2. Association Between Left Ventricular (LV) Mass
and Body Surface Area (BSA)
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American Society of Echocardiography cutoff for normal LV mass of 162 g.

Figure 3. Association Between Aortic Root Diameter
and Body Surface Area (BSA)

4.5+ .

>

=)
N
°

w
«
L

w
=}
N

Aortic root diameter, cm

N
o
L

2.0 T T T T T |
1.6 1.8 2.0 2.2 2.4 2.6

BSA, m?

Solid line represents the fitted mean value for aortic root diameter compared
with BSA, with shaded areas representing 95% Cls. The dotted line represents
the American Society of Echocardiography cutoff for normal aortic root
diameter of 3.6 cm for women.

Within the WNBA cohort, we did not observe differences
with respect to race/ethnicity in LVWT, LV mass index, or rela-
tive wall thickness. This finding differs from a prior study® ex-
amining racial/ethnic differences in cardiac athletic remodel-
ing in mixed-sport female athletes, which found that these
indexes were increased in African American compared with
white athletes. There are many reasons why our results may
differ from those of Rawlins et al,® including a lack of power
to examine racial/ethnic differences in the current study be-
cause of the small number of white athletes and selection bias
at this highest level of professional athletic competition. How-
ever, our overall findings highlight the importance of recog-
nizing sport-specific differences in cardiac adaptation to train-
ing and suggest that concentric remodeling is a more prominent
feature of athletic cardiac remodeling in female basketball play-
ersirrespective of race/ethnicity than has been reported in other
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studies that have included women engaged in a cross-section
of sports.

The findings regarding athletic remodeling in WNBA play-
ers have important similarities and differences to those found
in elite male basketball players in the National Basketball As-
sociation (NBA).> We observed that LV size and mass in WNBA
players were proportional to BSA, extending to the upper-
most biometrics of the group, as was similarly demonstrated
in male basketball players.> However, the development of LV
hypertrophy was less prevalent in WNBA players than in NBA
players; 16.4% of WNBA players met sex-specific ASE criteria
for LVH compared with 27.4% of male NBA players. Further-
more, only 1 WNBA athlete (0.7%) had an LVWT greater than
1.3 cm compared with 12% of NBA players. Our results are con-
sistent with previously published data that, unlike in the male
athletic counterparts, increased wall thickness beyond 12 mm
was uncommon in female athletes and warrants investiga-
tion for a potential underlying cardiac disorder.*12

In addition to our findings regarding athletic remodeling
of the LV, the results of our study further support the finding
that the RV chamber is enlarged in athletes and frequently ex-
ceeds the normal reference values proposed by the ASE.!*1>
We observed that 42.2% of WNBA athletes had RV enlarge-
ment based on ASE criteria.'® Similar findings were observed
in a previous study® of 1016 white Olympic athletes, of whom
36% were women and 23% of all athletes exceeded the crite-
ria for normal RV size based on RV outflow tract diameter.
When RV basal diameter measurements were compared, mixed
isometric and isotonic sports (which includes basketball) were
associated with more RV enlargement than skill or power sports
but with less RV enlargement than endurance sports. In that
study, RV remodeling differed by sex. Although absolute RV
outflow tract and RV basal diameters were larger in male than
female athletes, BSA-indexed dimensions were larger in fe-
male athletes. Furthermore, a correlation between basal RV di-
ameter and LVEDD was observed, highlighting that the RV may
adapt similarly to the LV in association with athletic training.
Current ASE guidelines do not provide sex-specific reference
ranges for RV dimensions, and the ASE does not recommend
indexing to BSA. In the current study, RV basal dimension cor-
related with BSA, supporting the importance of considering
athlete’s size when assessing RV size. That weaker correla-
tion of RV basal dimension than that of LVEDD and BSA may
reflect the variability in measurement introduced by the lack
of clear landmarks to ensure that the ASE-recommended op-
timal view (RV-focused view) is obtained when assessing RV
basal dimension. Nonetheless, these data suggest that sex and
size should be considered when assessing the RV and that per-
haps a larger reference range should be accepted when assess-
ing the RV in female athletes.

Aortic root diameter is another important cardiac dimen-
sion that is assessed in the evaluation of athletes, especially
in tall athletes for whom there is potential for overlap with in-
dividuals who may have Marfan syndrome. The importance
of correlating aortic root diameter with body size has been well
documented and is reflected in the ASE recommendations to
use nomograms that incorporate age, sex, and BSA in consid-
eration of aortic root size.!® In male NBA basketball players,
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aortic root diameters reach a plateau at the highest extremes
of athlete height and BSA.® The findings in our cohort of fe-
male basketball athletes differed from what has been ob-
served in male basketball athletes. In the WNBA group, a lin-
ear correlation was found between the aortic root and BSA.
Given that the range of height and BSA in female athletes did
not reach the same, higher dimensions as were seen in male
athletes, we cannot currently estimate whether a similar pla-
teau would have occurred. However, despite the larger size of
female NBA athletes (mean BSA, 2.02 m?) compared with ref-
erence female adults, aortic root diameters rarely exceeded up-
per limit parameters as defined by the ASE (2 women [1.4%]),
in contrast with our findings for left and right atrial and ven-
tricular dimensions for which 18% to 42% of the athlete co-
hort demonstrated ASE-defined enlargement. This lack of aor-
ticremodeling beyond the ASE-recommended criteria despite
the larger body size is consistent with previously made obser-
vations by Engel et al® and Pelliccia et al'” that dilation of aor-
tic root greater than 40 mm in male athletes and greater than
34 mm in female athletes participating in a variety of sports
disciplines was uncommon and requires investigation for a pos-
sible pathologic condition.>”

Limitations

Some limitations to our results should be recognized. The dem-
onstration of the associations between cardiac structure and
geometry as well as aortic dimensions with body size in this
female athlete group leads to the question of how to deter-
mine the relative contributions of physical training and body
size to cardiac remodeling. We were not able to compare our
findings with a group of sedentary controls of similar height
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and BSA as the athletes in our study. Some insight, however,
can be gleaned from the study® of Italian female athletes in
which a group of 65 sedentary controls, matched by height and
BSA, were compared with 600 athletes. A small but statisti-
cally significant difference was found, with athletes having
larger LVEDD, LV mass, and LV wall thickness than the seden-
tary controls. Thus, this study further suggests that although
athlete size may be a significant determinant of LV size and
mass, athletic training represents an additional factor for which
the association will vary depending on the type of training and
physiologic demands required in the sport.

The optimal size index for cardiac chambers is debated in
the literature, with studies examining height in centimeters,
square centimeters, and centimeters to 2.7 power. We ob-
served that in this elite female athlete population, all the car-
diac chamber measurements had the strongest correlation with
BSA, supporting the ASE recommendation of adjusting to BSA
as an index of size in lean individuals.

. |
Conclusions

In this study, increased cardiac dimensions were frequently
observed in WNBA athletes. Both BSA and physiologic remod-
eling affected cardiac morphologic findings. The data pre-
sented here for female professional basketball players may pro-
vide a framework to help define the upper limits of athletic
cardiac remodeling in this important athlete group. The find-
ings provide new reference data in this athletic population and
will perhaps act as a stimulus to investigate sex-specific car-
diac changes in other athletic disciplines.
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Cardiac Data From the Women's National Basketball Association—
Caring for Women Requires Studying Women

Aaron L. Baggish, MD

Once upon a time, professional athletics was the exclusive pur-
view of men. Fortunately, times have changed, and profes-
sional women's sports leagues are thriving around the globe.

This paradigm shift repre-
& sents welcome progress, but
we have yet to obtain a sex-
neutral playing field in sev-
eral ways. Important sex-specific inequities at elite levels of
sports, including differences in monetary compensation, en-
tertainment rights, and resource allocation, remain problem-
atic. While these topics have been broadly discussed, con-
comitant imbalances relevant to the medical care of athletes
have received comparatively less attention. Cardiovascular
specialists are frequently asked to evaluate athletes with car-
diac parameters that fall outside the normal clinical limits. The
challenge in this situation is to differentiate the cardio-
myopathic diseases that confer risk during exercise from ex-
ercise-induced cardiac remodeling.! This complex task re-
quires a sound understanding of what constitutes the normal
range and characteristics of physiologic adaptation in this
unique population. Over the last several decades, there has
beenatremendousincrease in the availability of normative car-
diovascular data derived from athletes, which have proven use-
fulin clinical practice. However, nearly all contemporary data
sets, with only a few notable exceptions,? are made up al-
most exclusively of data from men. To be sure, what we have
learned about the hearts of male athletes should be applied to
their female counterparts with great caution. The need for nor-
mative data among elite female competitors has never been
more pressing.

In this issue of JAMA Cardiology, Shames et al* present
echocardiographic data characterizing basic measurements of
cardiac structure and function derived from a cohort of pro-
fessional female basketball players (N = 140). Data were ob-

Related article page 991

JAMA Cardiology September 2020 Volume 5, Number 9

tained from mandatory screening examinations done at a single
point prior to the Women’s National Basketball Association
(WNBA) 2017 season. In this young (mean [SD] age, 27 [4] years)
cohort of predominantly African American women (n = 105
[75.0%]), several important findings are noteworthy. First, left
ventricular (LV) end-diastolic dimension (mean, 50 cm; range,
41-60 cm) and right ventricular (RV) basal end-diastolic di-
mension (mean, 40 cm; range, 31-52 cm) displayed moderate
linear association with body surface area but still exceeded rec-
ommended sex-specific upper limits of normal in 26% of the
women (>52 cm) and 42% of the women (>41 cm), respec-
tively. Thus, physiologically dilated ventricles were common
and explained by a combination of body size and athletic ad-
aptation. Similar findings were noted for both right and left
atrial size. Secondly, in contrast, maximal LV wall thickness
(mean, 1.0 cm; range, 0.7-1.4 cm) exceeded 12 mm, the low-
est value that begins to overlap with pathologic forms of LV
hypertrophy, in only 1 athlete. The LV mass index (mean,
84.1 g/m?), a body size-adjusted estimate of LV muscle mass
that integrates both LV chamber size and wall thickness, ex-
ceeded the proposed female upper limit of normal in 16% of
athletes. Finally, aortic size, as measured at the aortic root, ex-
ceeded the 37-cm sex-specific upper limits in only 2 women,
of whom 1 was noted to have a congenitally bicuspid aortic
valve. In aggregate, these data demonstrate clear associa-
tions between body size and all measurements of cardiac struc-
ture and simultaneously show that marked physiologic,
4-chamber dilation is common, while in contrast, LV wall thick-
ening and aortic root dilation raising concern for pathology are
comparatively rare in this healthy population of elite female
competitors.

Normative data are of paramount importance during the
interpretation of imaging tests of competitive athletes. Nor-
mative data that are generalizable to an individual patient
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