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Background: The cardiac characteristics of Asian female endurance athletes and strength athletes have rarely

been investigated.

Methods: This study included 177 Taiwanese young women undergoing military training. Cardiac features were

assessed by electrocardiography (ECG) and echocardiography. Then, all participants completed a 3000-meter run

to assess endurance capacity, and 89 participants completed a 2-minute push-up test to assess muscular strength.

Athletes were those whose exercise performance fell one standard deviation above the mean, and the remaining

participants were defined as controls. Multiple logistic regression analysis was used to determine the predictors of

the cardiac characteristics of female athletes.

Results: Compared to the female controls, female endurance athletes had a greater QRS duration (ms) (92.12 �

10.35 vs. 87.26 � 9.89, p = 0.01) and a higher prevalence of right axis deviation (RAD) (34.9% vs. 11.1%, p < 0.001).

There were no differences in any echocardiographic parameters. Greater QRS duration and RAD and lower systolic

blood pressure were independent predictors of female endurance athletes [odds ratios (OR) and 95% confidence

intervals: 1.05 (1.01-1.09), 2.91 (1.12-7.59) and 0.93 (0.88-0.98), respectively]. Female strength athletes had a

greater right ventricular outflow tract (RVOT) (mm) (28.06 � 3.57 vs. 25.38 � 3.61, p = 0.007) but revealed no

differences in ECG variables. Greater RVOT was the only predictor of female strength athletes [OR: 1.26 (1.05-1.50)].

Conclusions: In Asian military women, a wider QRS duration and the presence of RAD in ECG rather than heart

structure and function were found to characterize endurance athletes, whereas a wider RVOT but no ECG features

were found to characterize strength athletes.
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Abbreviations

BSA Body surface area

CHIEF Cardiorespiratory Fitness and Health in

Eastern Armed Forces

CI Confidence intervals

ECG Electrocardiography

LV Left ventricular

LVMI Left ventricular mass index

ms Milliseconds

OR Odd ratio

Q1 Highest quartile

Q4 Lowest quartile

RAD Right axis deviation

RV Right ventricular

RVH Right ventricular hypertrophy

RVOT Right ventricular outflow tract

SD Standard deviation



INTRODUCTION

Physical activity and fitness have been reported to

be strongly associated with cardiovascular health and

all-cause mortality.
1-5

Cardiac adaptation to regular exer-

cise, such as greater cardiac mass and diastolic function,

has been regarded as a benign process. Highly competi-

tive athletes such as professional basketball and football

players have been observed to have greater left ventri-

cular mass index (LVMI) and chamber sizes as measured

by transthoracic echocardiography.
6,7

In addition, the

characteristics of cardiac remodeling in athletes might

differ based on their major exercise modality. Compared

to sedentary individuals and strength athletes, endur-

ance athletes were found to have a greater left ventri-

cular diastolic volume.
8

In contrast, some reports revealed

that strength athletes had a greater LVMI than endur-

ance athletes and sedentary controls.
9

It is well known that compared to men, women have

a lower cardiac mass adjusted for body size and blood

pressure levels.
10

Additionally, women have fewer car-

diac structural and hemodynamic changes in response

to exercises.
11

In addition to sex differences, prior studies

have shown racial/ethnic differences in exercise-induced

cardiac structural changes that were more prominent in

athletes of African/Afro-Caribbean descent than among

Caucasian athletes.
12-14

However, few studies have inves-

tigated Asian athletes’ hearts.
15

Moreover, as most of the

previous studies compared elite athletes to sedentary

individuals, it is doubtful that under a given level of phy-

sical training, high-performing athletes would still dem-

onstrate more prominent cardiac remodeling than their

controls.
15

Military personnel, who receive regular uni-

fied training at the base, may be a good population to

examine. Among these individuals, “tactical athletes”

are those who receive unique training strategies for op-

timizing occupational physical performance.
16

There-

fore, the purpose of this study was to determine the cha-

racteristics of Asian female athletes’ hearts in a physi-

cally active military population in Taiwan.

METHODS

Study population

The data were collected from the ancillary Cardio-

respiratory Fitness and Health in Eastern Armed Forces

(CHIEF) Heart study, which included 177 military women

aged 18-34 years in the Hualien Army Huadong Defense

Command Base in Taiwan in January 2020.
17-19

At the base,

all military subjects have to complete a 3000-meter run

at 6:00 AM and at 16:00 PM led by the Captain at a rate

of 120 meters per minute on weekdays. After each run,

all military women are required to perform 20 successive

push-ups and sit-ups in order within 30 minutes. The

training course continued until the end of June. Before

the mid-term physical test held on the base in July, all

women underwent a health checkup in June, including a

self-administered questionnaire for the participants’ ha-

bits regarding toxic substance use, e.g., cigarette smoking

and alcohol intake (active vs. former and never), a 12-

lead electrocardiography (ECG) and a transthoracic echo-

cardiography for evaluating their cardiac structure and

function in the Hualien Armed Forces General Hospital of

Taiwan. In July 2020, 177 women underwent a 3000-

meter run to test their endurance capacity. Of these 177

women, 89 (a half from each company) were randomly

selected by the base commander of the highest rank to

complete a 2-minute push-up test to evaluate their mus-

cular strength capacity and to assess the physical training

outcome in each company of the Army base. The flow

diagram for participant selection is shown in Figure 1.

The study design and protocol of the CHIEF heart study

have been described in detail previously.
20-22

Anthropometric and blood pressure measurements

The body weight and height of each subject were

measured in a standing position. Body mass index was

calculated as body weight/body height squared (kg/m
2
).

Body surface area was defined as 0.20247 � body height

(m)
0.725

� body weight (kg)
0.425

based on the Dubois for-

mula.
23

The resting blood pressure of each subject was

measured once automatically over the right upper arm

in a sitting position by the FT201 blood pressure moni-

tor (Parama-Tech Co., Ltd, Fukuoka, Japan).

Exercise performance measurements

The endurance capacity of each study subject was

assessed by the time to complete a 3-kilometer run test.

All subjects ran at the Hualien Military Physical Training

and Testing Center, which was a flat playground, without

carrying any objects. The aerobic run test was performed
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outdoors at 16:00 PM and started while the weather

was not heavily raining, and the product of relative hu-

midity (%) and outdoor temperature (�C) � 0.1 was lower

than 40. The strength capacity of each study subject was

assessed by the 2-minute push-up performance on a

sponge pad.
17-19

The upward and downward movements

of push-ups were scored only if the line of the subject’s

buttock and back achieved the initial levels set by the

infrared red sensors of a computerized score system in

the priming period. The push-up test was stopped early

when any parts of the body except the subject’s hands

and foot touched the ground pad sensors before the

time (2 minutes) ran out.

ECG and echocardiography measurements

The parameters of 12-lead ECGs were acquired by

the Schiller AG CARDIOVIT MS-2015 (Baar, Switzerland).

The ECG quality should be visually interpretable; other-

wise, a new readable ECG was needed. The ECG analysis

was interpreted by two board-certified cardiologists,

and the consistency for the ECG diagnosis was 92.6%.

Discrepancies between them were solved by consensus.

ECG-left ventricular hypertrophy (LVH) was diagnosed

according to the Sokolow-Lyon voltage criterion.
23

ECG-

left atrial enlargement was defined as a notched P wave

� 0.12 seconds or a notch � 0.04 seconds in lead II.
24

ECG-right ventricular hypertrophy (RVH) was defined on

the basis of the Sokolow-Lyon voltage criterion
25

or the

Myers et al. criteria.
26

Right axis deviation (RAD) was de-

fined if the QRS axis of the ECG frontal leads was > 120�,

and left axis deviation was defined when the QRS axis

shifted between -30� and -90�.
27

Complete and incom-

plete right bundle branch block
26

were defined as the

rSR’ pattern in lead V1 and a S wave wider than the R

wave in lead V6 with QRS duration � 120 milliseconds

(ms) and < 120 ms, respectively. The pathological ECG

findings in female athletes, e.g., prolonged QT interval �

480 ms, have been demonstrated in the International

Recommendations for Electrocardiographic Interpreta-

tion in Athletes.
27,28

Cardiac structure and function were evaluated using

transthoracic echocardiography (iE33; Philips Medical

Systems, Andover, MA, USA) based on the recommenda-

tions of the American Society of Echocardiography.
29

All

echocardiography was carried out by the same certificated

technician. Left ventricular (LV) mass was defined by the

latest formula proposed by Devereux et al.
30

Echocardio-

graphic LVH for Southeast Asian young women was de-

fined as LVMI [LV mass adjusted by the body surface area

(BSA)]
31

� 88 g/m
2

on the basis of prior study findings
21,32

and the EchoNoRMAL study.
33

Right ventricular (RV) hy-

pertrophy in women was defined as an RV wall thickness

> 5.0 mm in the parasternal long-axis window.
21

LV dia-

stolic function was assessed by mitral inflow Doppler, and

the lateral mitral annulus velocity was assessed by tissue

Doppler imaging.
34

RV systolic pressure was evaluated by

tricuspid inflow Doppler in a four-chamber window.

Statistical analysis

Military athletes were those who had a better exer-
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Figure 1. The flow diagram to select the military female athletes and their controls in the Cardiorespiratory Fitness and Health in Eastern Armed

Forces (CHIEF) Heart study in Taiwan.



cise performance falling one standard deviation (SD)

above the mean (16%). The control individuals were the

remaining physically active women who did not achieve

the level of high performance in each exercise (84%). De-

mographic, 12-lead ECG and echocardiographic features

of military athletes and controls were revealed as num-

bers (percentage) for categorical variables and mean �

SD for continuous variables. Categorical variables were

compared by the chi-square test or Fisher’s exact test,

and continuous variables were compared using analysis

of variance. To avoid possible bias of uneven distributions

of ECG and echocardiographic variables relative to each

physical performance and misclassifications, the cardiac

characteristics were also compared between those with

the highest quartile (Q1) physical performance and those

with the lowest quartile (Q4) physical performance. Mul-

tiple logistic regression analysis was used to determine

the independent echocardiographic and ECG predictors

of female tactical athletes in each exercise category. The

covariates adjusted in the multiple logistic regression

model include age, body mass index and systolic blood

pressure, which are well-known covariates for both car-

diac structural remodeling and physical performance,

and the cardiac variables, the outcome of interest in this

study, which reveal a statistical difference between mili-

tary athletes and their controls. A two-tailed value of p <

0.05 was considered significant. All analyses were per-

formed using SAS version 9.4 (SAS Institute, Cary, NC,

USA). This study protocol was reviewed and approved by

the Institutional Review Board of the Mennonite Chris-

tian Hospital (No. 16-05-008) in Hualien of Eastern Tai-

wan, and written informed consent was obtained from

all participants. In addition, all methods were carried out

in accordance with relevant guidelines and regulations.

RESULTS

Clinical characteristics and laboratory findings

As shown in Table 1, 33 (18.6%) military women

who completed a 3000-meter run test less than 930 secs

were classified as endurance athletes, and the remain-
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Table 1. Clinical characteristics of the female athletes and their controls in the 3000-m run test and in the 2-min push-up test

Participants attended the 3000-m run test (N = 177) Participants attended the 2-min push-up test (N = 89)

Clinical characteristics Endurance athletes

(� 930 sec) (N = 33)

Endurance controls

(> 930 sec) (N = 144)
p value

Strength athletes

(� 50 times) (N = 17)

Strength controls

(< 50 times) (N = 72)
p value

Age (years) (Range: min-max) 23.33 � 1.89 (20-27) 24.24 � 3.26 (18-30) 0.12 23.29 � 3.19 (20-30) 24.74 � 3.37 (20-34) 0.11

Height (cm) 159.13 � 4.16 160.77 � 5.26 0.09 159.84 � 7.510 160.70 � 4.5900 0.54

Weight (kg) 055.80 � 6.65 59.79 � 8.87 0.01 60.43 � 9.84 59.21 � 8.220 0.59

Body mass index (kg/m
2
) 022.01 � 2.33 23.10 � 3.02 0.06 23.55 � 2.67 22.92 � 2.990 0.43

Body surface area (m
2
) 001.56 � 0.10 01.63 � 0.13 0.01 1.63 � 1.16 1.62 � 0.12 0.72

Waist circumference (cm) 072.22 � 5.01 75.48 � 7.92 0.02 75.94 � 7.08 75.13 � 7.780 0.69

Systolic blood pressure (mmHg) 100.24 � 9.90 107.39 � 10.68 0.001 0108.71 � 13.750 105.01 � 9.7100 0.19

Diastolic blood pressure (mmHg) 061.06 � 6.18 64.24 � 9.15 0.06 63.71 � 9.19 63.90 � 6.710 0.92

Blood test

Creatinine (mg/dL) 00.69 � 0.09 00.68 � 0.08 0.67 0.68 � 0.09 0.69 � 0.08 0.94

Total cholesterol (mg/dL) 172.27 � 32.26 161.68 � 25.70 0.04 175.94 � 26.790 0165.85 � 24.5900 0.13

HDL-C (mg/dL) 062.15 � 11.87 058.97 � 11.03 0.14 60.06 � 10.53 61.96 � 11.69 0.54

LDL-C (mg/dL) 094.33 � 23.48 088.25 � 20.37 0.13 95.71 � 19.85 91.35 � 20.43 0.42

Triglycerides (mg/dL) 056.48 � 14.93 064.95 � 34.46 0.17 82.18 � 44.47 63.94 � 31.01 0.04

Fasting glucose (mg/dL) 87.70 � 7.84 91.39 � 7.29 0.01 92.59 � 10.03 91.22 � 7.560 0.53

Hemoglobin (g/dL) 13.23 � 0.97 12.85 � 1.05 0.06 12.96 � 1.310 12.83 � 1.100 0.66

Current cigarette smoking 4 [12.1] 33 [22.9] 0.16 4 [23.5] 12 [16.7] 0.73

Total training years* 05.33 � 1.89 06.24 � 3.26 0.12 5.59 � 3.19 6.74 � 3.37 0.11

Total training hours* 1920.12 � 684.44 02245.35 � 1176.77 0.12 1905.88 � 1150.90 2425.00 � 1214.43 0.11

Exercise performance

3000-m running (secs) 899.85 � 46.27 1070.26 � 116.78 < 0.001 1026.73 � 136.000 1042.19 � 115.760 0.65

2-min push-ups (numbers) 038.94 � 13.27 035.07 � 12.06 0.25 54.65 � 4.660 31.01 � 8.800 < 0.001

Continuous variables are expressed as mean � SD (standard deviation), and categorical variables as n [%].

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

* Time were calculated after the enlist.



ing 144 military women were defined as the controls

(81.4%). Of the 89 randomly selected military women

for a 2-minute push-up test, 17 (19.1%) military women

were defined as strength athletes who could perform

more than 50 push-ups, and the remaining 72 (80.9%)

military women were defined as controls. Endurance

athletes and their controls had similar ages and training

years. Endurance athletes had a lower fasting glucose,

systolic blood pressure and waist circumference and a

greater total cholesterol. Endurance athletes and their

controls had similar 2-minute push-up numbers (38.9 �

13.3 vs. 35.1 � 12.1). On the other hand, strength ath-

letes and their controls had similar age, training years af-

ter the enlistment, anthropometric indices, hemodyna-

mic variables and time for a 3000-m run test (1026.7 �

136.0 sec vs. 1042.6 � 115.8 sec) and higher plasma tri-

glycerides. As shown in Supplemental Table 1, the clini-

cal profiles between those who did and did not undergo

the 2-minute push-up test were similar. In addition, as

shown in Supplemental Table 2, of the 89 women who

underwent both exercise tests, there were only 5 wo-

men defined as athletes in both exercise tests and cha-

racterized by a relatively younger age and a higher total

cholesterol than women defined as athletes in only the

endurance exercise test and those defined as controls in

the two tests.

ECG findings

As shown in Table 2, endurance athletes had a lon-

ger QRS duration (92.1 � 10.4 ms vs. 87.3 � 9.9 ms) and

a higher prevalence of RAD (34.9% vs. 11.1%) than the

endurance controls, whereas the ECG features were

similar between the two groups. In addition, there were

no pathological ECG findings for athletes, such as com-

plete left bundle branch block, severe atrioventricular

block, or Brugada Type 1 pattern, reported in the study

participants, except that there were merely 4 women in

the endurance control group and 3 women in the strength

control group with a prolonged QTc. As shown in Supple-

mental Table 3, the sample defined by the Q1 and Q4

physical levels was small, and thus, most of the compari-

sons were not significant, and the prevalence of RAD was

marginally higher among individuals with greater endur-

ance capacity.
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Table 2. Electrocardiographic features of the female athletes and their controls in the 3000-m run test and in the 2-min push-up test

Participants attended the 3000-m run test (N = 177) Participants attended the 2-min push-up test (N = 89)

ECG characteristics Endurance athletes

(� 930 secs) (N = 33)

Endurance controls

(> 930 secs) (N = 144)
p value

Strength athletes

(� 50 times) (N = 17)

Strength controls

(< 50 times) (N = 72)
p value

Heart rate (beats/min) 67.21 � 8.27 067.60 � 10.20 0.84 67.41 � 9.14 69.43 � 9.41 0.42

P duration (ms) 99.86 � 16.21 100.10 � 13.10 0.92 99.42 � 13.66 099.62 � 13.02 0.95

PR interval (ms) 154.96 � 24.86 150.77 � 22.38 0.34 145.61 � 21.48 152.09 � 18.84 0.21

QRS duration (ms) 092.12 � 10.35 87.26 � 9.89 0.01 88.35 � 6.60 85.14 � 8.00 0.12

QTc interval (ms) 411.09 � 23.81 410.58 � 27.66 0.92 410.41 � 23.63 412.83 � 30.98 0.76

QRS axis (degree) 075.06 � 41.94 67.90 � 26.34 0.21 076.71 � 18.15 062.99 � 32.73 0.10

ECG based LVH (%) 2 [6.1] 3 [2.1] 0.21 1 [5.9] 2 [2.8] 0.52

ECG based RVH (%) 0 [0.0] 3 [2.1] 0.40 0 [0.0] 0 [0.0] NA

Sinus bradycardia (%) 06 [18.2] 34 [23.6] 0.50 03 [17.6] 11 [15.3] 0.80

Ectopic atrial rhythm (%) 2 [6.1] 4 [2.8] 0.34 0 [0.0] 3 [4.2] 0.39

Left atrial enlargement (%) 04 [12.1] 21 [14.6] 0.71 02 [11.8] 08 [11.1] 0.93

First degree atrioventricular block (%) 2 [6.1] 4 [2.8] 0.34 0 [0.0] 2 [2.8] 0.48

Left axis deviation (%) 2 [6.1] 3 [2.1] 0.21 0 [0.0] 3 [4.2] 0.39

Right axis deviation (%) 13 [34.9] 16 [11.1] < 0.001 04 [23.5] 7 [9.7] 0.12

Complete right bundle branch block (%) 2 [6.1] 1 [0.7] 0.03 0 [0.0] 0 [0.0] NA

Incomplete right bundle branch block (%) 0 [0.0] 1 [0.7] 0.63 0 [0.0] 0 [0.0] NA

QT prolongation (%) 0 [0.0] 1 [0.7] 0.63 0 [0.0] 1 [1.4] 0.62

QTc prolongation (%) 0 [0.0] 4 [2.8] 0.33 0 [0.0] 3 [4.2] 0.39

Inferior T wave inversion (%) 2 [6.1] 6 [4.2] 0.63 0 [0.0] 5 [6.9] 0.26

Categorical variables are expressed as N [%].

ECG, electrocardiography; LVH, left ventricular hypertrophy; NA, not available; RVH, right ventricular hypertrophy.



Transthoracic echocardiographic findings

As shown in Table 3, female endurance athletes and

controls had similar cardiac structures and LV function.

Strength athletes had a greater RV outflow tract (RVOT)

dimension (28.1 � 3.6 mm vs. 25.4 � 3.6 mm), aortic

root dimension (30.3 � 3.4 mm vs. 26.7 � 2.4 mm) and

left atrial dimension (33.9 � 3.6 mm vs. 30.5 � 4.7 mm)

than the controls. As shown in Supplemental Table 4,

there were no differences in LVMI, RV wall thickness and

LV/RV chamber dimensions in those with time for a run

in Q1 versus those with time for a run in Q4. In addition,

a greater RVOT and left atrial dimension were found in

those with push-ups in Q1 than in those with push-ups

in Q4. These findings were in line with those shown in

Table 3. The results for comparisons in RVOT and LV end-

diastolic dimension indexed by BSA between military fe-

male and male athletes, which were obtained from our

prior study,
15

are also provided in Supplemental Table 5.

ECG and echocardiographic predictors of female

athletes

As shown in Table 4, greater QRS duration, RAD and

lower systolic blood pressure were independent predic-

tors of female endurance athletes [odds ratios (OR):

1.05 (95% confidence intervals (CI): 1.01-1.09), 2.91

(95% CI: 1.12-7.59) and 0.93 (95% CI: 0.88-0.98)], whe-

reas there were no associations with endurance athletes

in the LVMI or RVOT dimension. However, a greater RVOT

dimension was found to be an independent echocardio-

graphic predictor of being a female strength athlete

[OR: 1.26 (95% CI: 1.05-1.50)]. No associations with the

ECG variables, including RAD and QRS duration, and
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Table 3. Echocardiographic features of the female athletes and their controls in the 3000-m run test and in the 2-min push-up test

Participants attended the 3000-m run test

(N = 177)

Participants attended the 2-min push-up test

(N = 89)

Echocardiographic characteristics Endurance athletes

(� 930 secs)

(N = 33)

Endurance controls

(> 930 secs)

(N = 144)

p value

Strength athletes

(� 50 times)

(N = 17)

Strength controls

(< 50 times)

(N = 72)

p value

Aortic valve open (mm), PLAX 18.58 � 1.80 18.74 � 2.08 0.67 20.18 � 1.62 18.53 � 1.76 00.001

Aortic root dimension (mm), PALX 27.03 � 2.85 27.79 � 3.46 0.24 30.29 � 3.38 26.69 � 2.40 < 0.001

LV posterior wall (mm), PLAX 07.03 � 0.63 7.24 � 0.80 0.17 7.24 � 0.56 07.10 � 0.77 0.49

LV internal dimension in diastole (mm), PLAX 44.76 � 2.71 45.17 � 3.28 0.50 45.41 � 3.14 44.47 � 2.87 0.23

Interventricular septum (mm), PLAX 7.15 � 0.71 7.43 � 0.84 0.07 7.47 � 0.71 07.25 � 0.85 0.32

RV wall thickness (mm), PLAX 4.33 � 0.53 4.30 � 0.59 0.80 4.47 � 0.71 04.32 � 0.44 0.33

RV outflow tract dimension in diastole (mm), PLAX 25.85 � 3.49 25.88 � 4.01 0.96 28.06 � 3.57 25.38 � 3.61 00.007

Left atrial dimension (mm), PLAX 31.94 � 5.50 31.56 � 4.06 0.64 33.94 � 3.64 30.53 � 4.71 00.006

LV mass (gm) 99.20 � 16.00 105.57 � 20.94 0.10 106.58 � 18.29 099.90 � 19.13 0.19

LV mass index (gm/m
2
) 63.16 � 8.42 064.56 � 10.60 0.48 65.09 � 8.16 61.30 � 9.14 0.12

LV hypertrophy 1 [3.0] 6 [4.2] 0.76 0 [0.0] 2 [2.8] 0.48

RV hypertrophy 0 [0.0] 9 [6.3] 0.14 2 [11.8] 2 [2.8] 0.10

LV ejection fraction (%), PLAX 62.39 � 5.17 61.35 � 4.50 0.24 63.47 � 5.19 61.49 � 5.07 0.15

Aortic regurgitation � mild grade 0 [0.0] 4 [2.8] 0.33 1 [5.9] 2 [2.8] 0.52

Mitral regurgitation � mild grade 25 [75.8] 105 [72.9]0 0.73 14 [82.4] 62 [86.1] 0.69

Pulmonary regurgitation � mild grade 21 [63.6] 93 [64.6] 0.91 12 [70.6] 54 [75.0] 0.70

Tricuspid regurgitation � mild grade 26 [78.8] 120 [83.3]0 0.53 15 [88.2] 69 [95.8] 0.22

RV systolic pressure (mmHg) 26.82 � 5.72 27.36 � 3.89 0.51 27.82 � 4.20 27.69 � 3.53 0.89

E-wave velocity (cm/sec) 093.26 � 13.35 093.42 � 17.65 0.96 091.41 � 10.77 096.58 � 16.12 0.21

A-wave velocity (cm/sec) 51.08 � 8.60 049.85 � 11.05 0.54 052.52 � 11.29 49.62 � 9.58 0.28

Mitral inflow E/A ratio 01.87 � 0.40 01.94 � 0.49 0.44 01.80 � 0.37 02.01 � 0.51 0.11

E� velocity (cm/sec) 17.60 � 3.64 17.91 � 3.57 0.65 17.80 � 3.94 19.05 � 3.96 0.24

A� velocity (cm/sec) 08.64 � 2.15 08.36 � 2.37 0.53 09.38 � 2.37 08.91 � 2.22 0.46

Lateral mitral annulus E�/A� ratio 02.16 � 0.72 02.29 � 0.72 0.34 02.02 � 0.77 02.25 � 0.69 0.24

Continuous variables are expressed as mean � SD (standard deviation), and categorical variables as N [%].

LV, left ventricle; RV, right ventricle; PLAX, echocardiographic parasternal long axis view; PSAX, echocardiographic parasternal short axis view.



LVMI were found for female strength athletes. The mul-

tiple logistic regression analysis showed no associations

between female athletes and echocardiographic LVH in

Supplemental Table 6.

DISCUSSION

This study is the first report to show the cardiac cha-

racteristics in Asian female endurance and strength ath-

letes compared to their controls of military under the

same physical training level. The principal findings were

that greater QRS duration and the presence of RAD in

ECG, rather than cardiac structural parameters, were in-

dependent predictors of female endurance athletes. In

contrast, female strength athletes may have a greater

RVOT than their controls, while no differences in the ECG

variables were found.

Cardiac characteristics were rarely compared be-

tween elite female athletes and their controls under a

similar physical training level.
35-37

In a study by Pelliccia

et al.
35

among highly trained White women, female ath-

letes had a greater and greater wall thickness than se-

dentary controls; additionally, athletes, especially those

participating in endurance exercises, had greater cardiac

chamber size than sedentary controls. In another study

led by Churchill et al.
36

among soccer players in the US,

female athletes had a lower LV mass and chamber size

and shorter QRS duration than male athletes. The effects

of various exercises on the cardiac structural and func-

tional changes in sedentary women have been demon-

strated in a study by Cicek et al.;
38

they found that both

endurance and strength exercises could increase LV cham-

ber size and LV diastolic function and decrease body

weight, lipid profiles, resting heart rate and blood pres-

sure. Mechanisms for exercise-induced structural LVH

are due to the elongation of cardiomyocytes, a compen-

sation for chronic hemodynamic overload, and are asso-

ciated with the renin-angiotensin system.
39,40

In addi-

tion, cardiac chamber enlargement has been reported

to be associated with volume overload in endurance ex-

ercise.
40

In this study, female endurance athletes showed

dominant ECG characteristics in RAD and wider QRS du-

ration, rather than in cardiac structural characteristics in

LVMI and RV wall thickness, compared to their endur-

ance controls under the same physical training level. These

findings might be due to a lower baseline resting hemo-

dynamic level, a less prominent response to endurance

exercise, and a smaller body size in women,
10

resulting

in less intracardiac pressure and volume loads compared

to men. Wider QRS duration and the presence of RAD in

ECG, reflecting higher electric forces of LV mass and RV

mass, respectively, not accompanied by structural changes

to LVH and RVH may be the novel markers for female en-

durance athletes.

In this study, we found that female strength athletes

of military in Taiwan had a greater aortic root, left at-

rium and RVOT dimension, implying greater stroke vol-

ume compared to their controls. However, we did not

find greater cardiac mass in strength athletes, which

was in contrast to prior study findings that strength ex-

ercises may increase cardiac mass more than chamber

dimensions.
41

In addition, RV enlargement in athletes

has been reported to be associated with higher RV sys-

tolic pressure,
42

which was not found in our female st-

rength athletes. Whether these conflicts are related to
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Table 4. Multiple logistic regression analysis for the female endurance and strength athletes

Tactical endurance athletes (N = 177) Tactical strength athletes (N = 89)
Characteristics

OR 95% CI p value OR 95% CI p value

Age 0.93 0.80-1.08 0.30 0.87 0.71-1.07 0.17

Body mass index 0.96 0.81-1.14 0.64 0.97 0.75-1.24 0.78

Systolic blood pressure 0.93 0.88-0.98 00.009 1.04 0.99-1.11 0.14

Right axis deviation 2.91 1.12-7.59 0.02 2.68 00.46-15.55 0.27

QRS duration 1.05 1.01-1.09 0.02 1.05 0.96-1.14 0.30

LV mass index 0.97 0.92-1.01 0.14 1.06 0.99-1.14 0.12

RV outflow tract dimension 1.03 0.93-1.14 0.64 1.26 1.05-1.50 0.01

Data are presented as odds ratios (OR) and 95% confidence intervals (CI) using multiple logistic regression.

LV, left ventricle; RV, right ventricle.



the specific push-up exercise effect requires further in-

vestigation. Notably, there were no differences in the

ECG characteristics between strength athletes and their

controls.

In a study conducted for Olympic athletes by

D'Ascenzi et al.,
43

compared to elite male athletes, elite

female athletes had a lower prevalence of ECG-based

LVH and RVH. In our prior study of Asian male military

athletes in Taiwan,
15

the prevalence of Sokolow-Lyon-

based ECG-LVH and RVH were 58% and 15%, respec-

tively, which were both higher than those in Asian fe-

male athletes in this study. In addition, the D'Ascenzi et

al. study
43

also observed that Olympic female athletes

had a greater indexed LV end-diastolic dimension and

RVOT than Olympic male athletes, which was consistent

with the findings for our Asian female versus male ath-

letes (Supplemental Table 5).
15

In contrast, the study by

D'Ascenzi et al.
43

showed that the RVOT dimension in-

dex in Olympic female endurance athletes was greater

than that in elite female strength athletes, which was in-

consistent with our findings for Asian female athletes.

Whether these differences are related to racial/ethnic

causes should be explored in future research. In sum-

mary, Asian female athletes have a normal LV geometry,

with relatively greater indexed cavity dimensions than

Asian male athletes.

Study strengths and limitations

The strength of the present study was that the study

subjects were enrolled from the same military base in

Taiwan where the training course was unified. In addi-

tion, the daily life of the study military individuals would

be very similar, such as diet intake and sleep time, which

could restrict the effect of potential confounders. In con-

trast, only 50.2% of the overall participants were ran-

domly selected to receive the 2-minute push-up test,

possibly resulting in a selection bias despite the baseline

profiles being similar between those with and without

the push-up test. Second, the strength and endurance

capacity were assessed by the performance of a 2-min-

ute push-up and time for a 3000-meter run, by which

the ECG and echocardiographic predictors might not be

the same as those of other elite athletes mastering dif-

ferent exercise modalities. Third, since this is a cross-

sectional study, we could not obtain the temporal asso-

ciations of each exercise performance with clinical out-

comes due to the lack of long-term follow-up. Finally, al-

though all echocardiography were performed by the

same technician, the echocardiographic measurements

were sometimes subjective.

CONCLUSIONS

Our study found that in physically active Asian mili-

tary women, the presence of RAD and a wider QRS du-

ration in ECG were independent predictors of endur-

ance athletes, whereas a wider RVOT was the only pre-

dictor of strength athletes. Possible sex and racial/eth-

nical differences in Asian female athletes’ heart of mili-

tary observed in this study are slightly different from

the elite athletes’ heart demonstrated in prior studies,

providing the potential normal cardiac features and va-

riants of the specific physically fit population in clinical

implications.
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Supplemental Table 1. Clinical characteristics of the military women who attended endurance test only and those who attended
both endurance and strength tests

Military women attended only the
endurance test (N = 88)

Military women attended both the
endurance and strength tests (N = 89)

Age (years) (Range: min-max) 24.36 � 3.21 (18-30) 23.29 � 3.19 (20-30)
Height (cm) 160.32 � 4.490 159.84 � 7.510
Weight (kg) 57.61 � 8.45 60.43 � 9.84
Body mass index (kg/m

2
) 22.40 � 3.02 23.55 � 2.67

Body surface area (m
2
) 01.60 � 0.13 01.63 � 1.16

Waist circumference (cm) 74.21 � 7.42 75.94 � 7.08
Systolic blood pressure (mmHg) 106.38 � 11.11 108.71 � 13.75
Diastolic blood pressure (mmHg) 64.26 � 9.79 63.71 � 9.19
Blood test

Creatinine (mg/dL) 00.69 � 0.09 00.68 � 0.09
Total cholesterol (mg/dL) 160.46 � 28.04 175.94 � 26.79
HDL-C (mg/dL) 057.68 � 11.09 060.06 � 10.53
LDL-C (mg/dL) 087.47 � 20.87 095.71 � 19.85
Triglycerides (mg/dL) 061.68 � 31.06 082.18 � 44.47
Fasting glucose (mg/dL) 89.78 � 7.35 092.59 � 10.03
Hemoglobin (g/dL) 13.05 � 0.95 12.96 � 1.31

Current cigarette smoking 24 [29.6] 4 [23.5]
Total training years 6.36 � 3.21 06.46 � 3.35
Total training hours 2288.89 � 1156.97 02325.84 � 1206.79
Exercise performance

3000-m running (seconds) 1030.35 � 133.07 1026.73 � 136.00
2-min push-ups (numbers) 54.65 � 4.66

Continuous variables are expressed as mean � SD (standard deviation), and categorical variables as n [%].
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Supplemental Table 2. Characteristics of athletes for both exercises, and athletes for only one exercise, and controls for both
exercises

Participants who had both endurance and strength data (N = 89)

Clinical characteristics
Athletes in both tests

(2-min push-ups � 50 &
3000-m run � 930 sec)

(N = 5)

Athletes in only one test
(2-min push-ups � 50, or
3000-m run � 930 sec)

(N = 28)

Controls in both tests
(2-min push-up < 50 &
3000-m run > 930 sec)

(N = 56)

p value

Age (years) (Range: min-max) 21.00 � 1.41(20-23) 23.75 � 2.48(20-30) 24.36 � 3.06(20-30) 0.07
Height (cm) 156.17 � 2.860 160.27 � 7.17 160.50 � 4.510 0.31
Weight (kg) 53.85 � 7.69 60.47 � 8.56 59.69 � 8.53 0.35
Body mass index (kg/m

2
) 22.06 � 2.98 23.48 � 2.47 23.16 � 3.09 0.65

Body surface area (m
2
) 01.52 � 0.11 1.63 � 0.14 01.62 � 0.12 0.28

Waist circumference (cm) 71.50 � 4.12 75.02 � 6.73 76.12 � 8.46 0.48
Systolic blood pressure (mmHg) 104.25 � 13.07 107.50 � 12.94 105.36 � 9.760 0.69
Diastolic blood pressure (mmHg) 60.75 � 1.70 63.13 � 8.85 63.84 � 6.68 0.69
Blood test

Creatinine (mg/dL) 00.66 � 0.04 00.67 � 0.08 00.70 � 0.07 0.36
Total cholesterol (mg/dL) 182.50 � 21.44 179.21 � 27.29 162.20 � 22.47 0.01
HDL-C (mg/dL) 062.50 � 15.02 064.08 � 11.02 061.12 � 11.49 0.58
LDL-C (mg/dL) 101.75 � 9.910 096.88 � 22.59 089.64 � 20.14 0.31
Triglycerides (mg/dL) 067.75 � 23.28 072.92 � 39.54 061.16 � 31.08 0.37
Fasting glucose (mg/dL) 90.50 � 8.06 91.67 � 9.57 92.18 � 7.25 0.90
Hemoglobin (g/dL) 13.82 � 0.83 12.66 � 1.07 12.95 � 1.02 0.10

Current cigarette smoking 0 [0.0] 3 [12.5] 9 [18.0] 0.56
Total training years 03.00 � 1.41 05.75 � 2.48 06.36 � 3.06 0.07
Total training hours 1080.00 � 509.11 2070.00 � 896.07 02289.60 � 1104.84 0.07
Exercise performance

3000-m running (seconds) 883.75 � 61.56 0985.88 � 120.53 1077.26 � 102.01 < 0.001
2-min push-ups (numbers) 59.50 � 1.00 042.25 � 12.23 30.98 � 8.91 < 0.001

Continuous variables are expressed as mean � SD (standard deviation), and categorical variables as n [%].
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Supplemental Table 3. Multiple logistic regression analysis for echocardiographic left ventricular hypertrophy in the female

endurance and strength athletes

Female endurance athletes (N = 177) Female strength athletes (N = 89)
Characteristics

OR 95% CI p value OR 95% CI p value

Left ventricular mass index � 88 g/m
2

6.50 0.30-139.82 0.23 0.00 0.00-0.00 1.00

Data are presented as odds ratios (OR) and 95% confidence intervals (CI) using multiple logistic regression with adjustment for age,

body mass index, systolic blood pressure, QRS duration, right axis deviation and right ventricular outflow tract dimension.

Supplemental Table 4. Electrocardiographic features of the military women attended the 3000-m run test and those attended the 2-min push-up

test

Participants attended the 3000-m run test

(N = 177)

Participants attended the 2-min push-up test

(N = 89)

ECG characteristics Q1-performance

(< 965 sec)

(N = 47)

Q4-performance

(� 1100 sec)

(N = 42)

p value

Q1-performance

(> 40 times)

(N = 25)

Q4-performance

(< 30 times)

(N = 28)

p value

Heart rate (beats/min) 66.23 � 8.96 069.17 � 10.12 0.15 68.60 � 9.95 68.93 � 9.72 0.90

P duration (ms) 100.54 � 16.96 98.79 � 11.52 0.57 100.41 � 12.30 99.30 � 8.59 0.70

PR interval (ms) 154.11 � 24.55 151.80 � 17.60 0.61 148.94 � 20.10 150.24 � 20.83 0.81

QRS duration (ms) 090.45 � 10.32 88.76 � 6.98 0.37 87.28 � 8.32 86.14 � 7.61 0.60

QTc interval (ms) 407.87 � 22.73 408.67 � 23.80 0.87 406.00 � 22.62 417.18 � 37.04 0.19

QRS axis (degree) 074.91 � 36.52 65.67 � 31.74 0.20 75.04 � 16.12 058.21 � 31.40 0.02

ECG based LVH (%) 2 [4.3] 0 [0.0] 0.17 1 [4.0] 0 [0.0] 0.28

ECG based RVH (%) 1 [2.1] 1 [2.4] 0.93 0 [0.0] 0 [0.0] NA

Sinus bradycardia (%) 11 [23.4] 7 [16.7] 0.43 3 [12.0] 03 [10.7] 0.88

Ectopic atrial rhythm (%) 2 [4.3] 1 [2.4] 0.62 1 [4.0] 1 [3.6] 0.93

Left atrial enlargement (%) 7 [14.9] 8 [19.0] 0.56 2 [8.0] 03 [10.7] 0.73

First degree atrioventricular block (%) 2 [4.3] 0 [0.0] 0.17 0 [0.0] 1 [3.6] 0.34

Left axis deviation (%) 2 [4.3] 1 [2.4] 0.62 0 [0.0] 1 [3.6] 0.34

Right axis deviation (%) 15 [31.9] 07 [16.7] 0.09 04 [16.0] 2 [7.1] 0.31

Complete right bundle branch block (%) 2 [4.3] 0 [0.0] 0.17 0 [0.0] 0 [0.0] NA

Incomplete right bundle branch block (%) 0 [0.0] 0 [0.0] NA 0 [0.0] 0 [0.0] NA

QT prolongation (%) 0 [0.0] 0 [0.0] NA 0 [0.0] 1 [3.6] 0.34

QTc prolongation (%) 0 [0.0] 0 [0.0] NA 0 [0.0] 2 [7.1] 0.17

Inferior T wave inversion (%) 2 [4.3] 1 [2.4] 0.62 1 [4.0] 2 [7.1] 0.62

Categorical variables are expressed as N [%].

ECG, electrocardiography; LVH, left ventricular hypertrophy; NA, not available; RVH, right ventricular hypertrophy.
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Supplemental Table 5. Echocardiographic features of the military women attended the 3000-m run test and those attended the 2-min push-up test

Participants attended the 3000-m run test

(N = 177)

Participants attended the 2-min push-up test

(N = 89)

Echocardiographic characteristics Q1-performance

(< 965 sec)

(N = 47)

Q4-performance

(� 1100 sec)

(N = 42)

p value

Q1-performance

(> 40 times)

(N = 25)

T3-performance

(< 30 times)

(N = 28)

p value

Aortic valve open (mm), PLAX 18.77 � 1.93 19.12 � 2.10 0.41 20.00 � 1.58 18.14 � 1.53 < 0.001

Aortic root dimension (mm), PALX 27.26 � 3.24 29.45 � 3.56 00.003 29.40 � 3.35 26.75 � 2.06 00.001

LV posterior wall (mm), PLAX 07.09 � 0.74 07.33 � 0.68 0.10 07.08 � 0.64 07.04 � 0.83 0.83

LV internal dimension in diastole (mm), PLAX 44.85 � 3.07 45.74 � 3.28 0.19 45.32 � 3.26 45.18 � 2.77 0.86

Interventricular septum (mm), PLAX 07.17 � 0.70 07.57 � 0.80 0.01 07.40 � 0.70 07.14 � 1.04 0.30

RV wall thickness (mm), PLAX 04.27 � 0.49 04.50 � 0.69 0.09 04.34 � 0.64 04.34 � 0.45 0.99

RV outflow tract dimension in diastole (mm), PLAX 26.04 � 3.87 26.02 � 4.03 0.98 27.72 � 3.50 25.25 � 4.02 0.02

Left atrial dimension (mm), PLAX 31.91 � 4.88 32.60 � 4.22 0.48 33.72 � 3.44 29.93 � 3.24 < 0.001

LV mass (gm) 100.37 � 18.24 109.80 � 19.00 0.01 104.32 � 19.02 101.33 � 21.00 0.59

LV mass index (gm/m
2
) 63.83 � 9.76 64.87 � 9.25 0.60 63.49 � 8.44 062.03 � 10.27 0.57

LV hypertrophy 2 [4.3] 1 [2.4] 0.62 0 [0.0] 1 [3.6] 0.34

RV hypertrophy 0 [0.0] 6 [14.3] 00.007 2 [8.0] 1 [3.6] 0.48

LV ejection fraction (%), PLAX 62.15 � 4.67 61.17 � 4.60 0.32 63.32 � 5.08 62.14 � 5.34 0.41

Aortic regurgitation � mild grade 0 [0.0] 1 [2.4] 0.28 1 [4.0] 0 [0.0] 0.28

Mitral regurgitation � mild grade 32 [68.1] 31 [73.8] 0.55 21 [84.0] 21 [75.0] 0.42

Pulmonary regurgitation � mild grade 31 [66.0] 26 [61.9] 0.69 19 [76.0] 20 [71.4] 0.70

Tricuspid regurgitation � mild grade 37 [78.7] 35 [83.3] 0.58 23 [92.0] 27 [96.4] 0.48

RV systolic pressure (mmHg) 26.94 � 5.33 27.81 � 3.76 0.38 27.56 � 3.58 27.96 � 4.41 0.71

E-wave velocity (cm/sec) 091.96 � 14.20 92.66 � 19.51 0.84 95.48 � 15.91 094.36 � 15.29 0.79

A-wave velocity (cm/sec) 49.68 � 9.12 53.27 � 11.88 0.11 50.19 � 10.58 48.97 � 9.40 0.65

Mitral inflow E/A ratio 01.89 � 0.38 1.81 � 0.53 0.38 1.99 � 0.59 01.99 � 0.49 0.99

E� velocity (cm/sec) 17.48 � 3.55 17.99 � 3.92 0.52 18.50 � 4.34 19.69 � 4.31 0.32

A� velocity (cm/sec) 8.32 � 2.18 9.32 � 2.70 0.057 9.34 � 2.31 08.67 � 2.11 0.27

Lateral mitral annulus E�/A� ratio 2.23 � 0.72 2.05 � 0.61 0.19 2.09 � 0.74 02.41 � 0.83 0.15

Continuous variables are expressed as mean � SD (standard deviation), and categorical variables as N [%].

LV, left ventricle; PLAX, echocardiographic parasternal long axis view; PSAX, echocardiographic parasternal short axis view; RV, right ventricle.

Supplemental Table 6. A comparison in indexed LV and RVOT dimensions between female and male athletes

Indexed LV dimension (mm/m
2
) Indexed RVOT dimension (mm/m

2
)

CHIEF-Heart D’Ascenzi et al.
#

CHIEF-Heart D’Ascenzi et al.
#

Endurance Athletes

Women 28.22 � 2.12 29.8 � 2.4 16.91 � 2.46 16.4 � 2.5

Men *27.84 � 2.02* 28.6 � 2.3 *14.36 � 2.31* 15.1 � 1.9

p value 0.80 < 0.01 0.01 < 0.01

Strength Athletes

Women 28.00 � 2.91 29.2 � 2.9 17.29 � 2.58 15.0 � 1.8

Men *27.43 � 2.34* 26.9 � 2.2 *14.58 � 2.15* 14.2 � 1.7

p value 0.88 < 0.01 0.003 NS

Data were presented as mean � standard deviation, and compared by analysis of variance between men and women.

LV, left ventricular end-diastolic dimension; RVOT, right ventricular outflow tract.

* The data for men in the CHIEF Heart Study were obtained from our prior study (reference 15).
#

The data for the D’Ascenzi et al. study were obtained from the reference 43.


