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Abstract
Cardiac adaptations to exercise on an elite level have been well studied. Strain analysis by speckle tracking echocardiog-
raphy has emerged as a tool for sports cardiologists to assess the nature of hypertrophy in athletes’ hearts. In prior studies, 
strain values generally did not change in physiological adaptations to exercise but were reduced in pathological hypertrophy. 
However, research in this field has focused almost solely on male athletes. Purpose of the present study is to investigate 
strain values in the hearts of female elite athletes in football and volleyball. In this cross-sectional study echocardiography 
was performed on 19 female elite football-players, 16 female elite volleyball-players and 16 physically inactive controls. 
Conventional echocardiographic data was documented as well as left ventricular longitudinal, radial and circumferential 
strain values gained by speckle tracking echocardiography. The hearts of the female athletes had a thicker septal wall, a 
larger overall mass and larger atria than the hearts in the control group. Global longitudinal, radial and circumferential strain 
values did not differ between the athletes and controls or between sporting disciplines. No correlation between septal wall 
thickness and global strain values could be documented. Cardiac adaptations to elite level exercise in female volleyball and 
football players do not influence global strain values. This has been documented for male athletes of several disciplines. The 
present study adds to the very limited control-group comparisons of left ventricular strain values in elite female athletes. The 
findings indicate that global strain values can be used when assessing the cardiac health in female athletes.
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Introduction

Structural and functional cardiac adaptations to physical 
activity as performed by elite athletes are a well-studied 
phenomenon. Especially athlete’s heart (AH), a myocardial 

hypertrophy as a reaction to a high endurance training load 
has been the focus of intense research [1]. However, the 
overwhelming majority of evidence regarding AH has been 
derived from studies focusing on male athletes [2]. A trend 
that has continued regarding the relatively novel echocardio-
graphic technique of strain analysis (SA) by speckle tracking 
echocardiography (STE). This technique has added a new 
element to the chronic struggle of the sports cardiologist in 
differentiating between physiological adaptations to exercise 
and pathological entities with an increased potential for sud-
den cardiac death such as hypertrophic cardiomyopathy [3]. 
In prior studies, global strain values generally did not change 
in physiological adaptations to exercise but were reduced in 
pathological hypertrophy [4–6].

Speckle tracking echocardiography (STE) has gained 
growing attention in the last decade. The automatic tracking 
of groups of speckles allows for an objective quantification of 
cardiac function in several dimensions. Longitudinal strain is 
derived from apical images, while circumferential and radial 
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strain is measured in the parasternal short axis. Longitudinal 
strain describes a kinetic action in percent of the myocardium 
decreasing the basal–apical distance. Circumferential strain 
describes myocardial shortening in percent in a circular man-
ner in the short axis, while radial strain depicts the thicken-
ing of the myocardium during contraction in the short axis. 
Longitudinal and circumferential strain values are stated as 
negative percent to portray a “shortening”, while radial strain 
is stated as a positive value [5, 7]. Inter- and intraobserver 
variability of left ventricular (LV) global longitudinal strain 
(GLS) is comparable to the classic planimetric measurement 
of ejection fraction, while variability is somewhat higher for 
radial and circumferential measurements [7].

The effects of exercise on a recreational and competitive 
level on myocardial strain patterns have been the focus of sev-
eral studies. Even though results vary between studies, large 
reviews and meta-analyses reach the conclusion that LV-GLS 
should not normally be reduced in athletes compared to con-
trols, even when physiological hypertrophy is present [5, 8]. 
Regarding global circumferential strain (GCS) and global 
radial strain (GRS) studies are even fewer but may indicate dif-
ferences between certain athletic populations and controls [8].

However, these insights are derived almost solely from 
data of male athletes. The few studies including female 
athletes usually analyze the whole athlete cohort without 
sub-analysis by gender, fail to specify sporting disciplines 
or include very few female athletes. The largest cohort of 
female athletes (n = 78/200) was included by Caselli et al., 
who found that the GLS was slightly higher in females (ath-
letes and controls) compared to males [9]. Sporting disci-
plines were not specified exactly. In the same year D’Ascenzi 
et al. reported no difference in GLS when analyzing 36 
female and 55 male athletes from different sporting disci-
plines [10]. D’Ascenzi et al. also published left ventricular 
strain data of 24 female volleyball athletes in a study focused 
on atrial and right ventricular strain [11]. To the authors’ 
knowledge to date less than 150 cases of 2D-STE derived 
left ventricular strain of female athletes have been published 
from controlled studies collectively. Also, regarding female 
athletes most athletic disciplines have been left untouched 
or not been specifically reported.

The goal of this study is to shed light on the cardiac struc-
tures of female elite football- and volleyball-players com-
pared to non-athletic controls with a focus on strain analysis 
by speckle tracking echocardiography.

Methods

Hypothesis

Hypothesis I: The female athletes will have a larger diastolic 
ventricular septum diameter than the controls. Hypothesis 

II: The global longitudinal, radial and circumferential strain 
values will not differ between the groups and will not cor-
relate with septal diameter.

Participants

We recruited 19 female football players (FP) from a Bundes-
liga top team, 16 volleyball players (VP) from a Bundesliga 
top team and 16 age-matched non-athletic female controls 
(C). All participants were caucasian, free of known cardiac 
disease or other major morbidity and healthy at the time 
of diagnostic testing. No exercise was performed acutely 
(> 10 h) before the echocardiography. The elite athletes had 
a minimum of 5 years competitive club level experience with 
at least 6 weekly hours of training for the last 3 years. The 
control group participants had never engaged in club level 
or competitive sport and exercised < 2 h per week for the 
last 5 years at least.

Procedure

An oral history and physical examination by an experienced 
sports physician and a questionnaire were conducted to 
assess health and exercise history. Weight and height were 
documented in all participants, as well as body composition 
in the volleyball players and controls (Seca, Germany, 2018), 
followed by echocardiography.

Echocardiography

Echocardiography was performed for all participants by 
the same experienced echocardiographer using a Vivid iq 
with a M5Sc 1.5–4.6 transducer (GE Healthcare Systems, 
USA, 2018), the participant in a semi-supine resting posi-
tion. Images were stored based on the recommendations of 
the American Society of Echocardiography (ASE) while the 
participant held her breath.

Conventional echocardiography included standard meas-
urements of cardiac dimensions, contractility and diastolic 
function (see Table 1 for details). Measurements were taken 
as advised by the American Society of Echocardiography 
(ASE) [12]. To calculate volumes and ejection fraction 
Simpson’s biplane-method was used. Diastolic parameters 
were derived by assessing LV-filling pressures using peak 
E and A velocities and the E/e′-ratio (e′ measured at medial 
mitral annulus) [13].

Speckle Tracking images for calculation of myocardial 
strain were recorded in apical 3-chamber, 2-chamber and 
4-chamber views for longitudinal values (Image 1) and in 
the parasternal short-axis at the level of papillary muscles 
for circumferential and radial values (Images 2 and 3). The 
frame rate was set between 40 and 90 frames per second 
and an exact endocardial and epicardial delineation was 
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attempted for all images. Analysis of all images was con-
ducted offline by the same experienced echocardiographer 
using EchoPac-Software (Version 202, GE Healthcare, USA, 
2018) while being blinded to the group membership of the 

participant during the analysis. The region of interest (ROI) 
was placed semi-automatically by the program and adjusted 
by the analyst to optimally encompass the whole myocar-
dium. Global longitudinal strain (GLS) was calculated as the 

Table 1   Conventional echocardiographic parameters of competitive football and volleyball athletes and sedentary controls

Significant differences emphasized in bold
Data are expressed as mean ± standard deviation (SD) for football-players (F), volleyball-players (V) and controls (C)
HR: heart rate; IVSd/IVSs: diastolic/systolic interventricular septum; IVSd index: interventricular septum indexed to body surface area; LVIDd/
LVIDs: diastolic/systolic left ventricular internal diameter; LVIDd index: left ventricular internal diameter indexed to body surface area; 
LVPWd/LVPWs: diastolic/systolic left ventricular posterior wall; EDV: end-diastolic volume; ESV: end-systolic volume; FS: fractional shorten-
ing; SV: stroke volume; EF: ejection fraction; LVdM: diastolic left ventricular mass; LVdM index: diastolic left ventricular mass indexed to body 
surface area; LVdM acc. ASE: diastolic left ventricular mass according to the American Society of Echocardiography; LVdM index acc. ASE: 
diastolic left ventricular indexed to body surface area according to the American Society of Echocardiography; Ao root dia: aortic root diameter; 
LA dia: left atrial diameter; LA/Ao: ratio of left atrial diameter and aortic root diameter; RA area: right atrial area; RA area index: right atrial 
area indexed to body surface area; LAESV (mod bp): left atrial end-systolic volume at a moderate blood pressure; LAESV index (mod bp): left 
atrial end-systolic volume indexed to body surface area; RVd basis: diastolic right ventricular basis; RVd length: diastolic right ventricular length
*≤ 0.05 statistically significant; **≤ 0.001 statistically highly significant

Parameter Absolute values ± SD P values

Football (F, n = 19) Volleyball (V, n = 16) Control (C, n = 16) F vs. V F vs. C V vs. C

HR, bpm 62.26 ± 15.68 65.94 ± 9.24 78.13 ± 13.72 0.42 0.004* 0.008*
IVSd, cm 0.82 ± 0.14 0.84 ± 0.09 0.71 ± 0.08 0.6 0.009* 0.0002**
IVSd index, cm/m2 0.48 ± 0.08 0.44 ± 0.05 0.42 ± 0.05 0.11 0.01* 0.18
LVIDd, cm 4.33 ± 0.44 4.84 ± 0.34 4.46 ± 0.34 0.0007** 0.34 0.005*
LVIDd index, cm/m2 2.52 ± 0.27 2.52 ± 0.16 2.63 ± 0.2 0.95 0.22 0.11
LVPWd, cm 1.03 ± 0.2 0.91 ± 0.14 0.78 ± 0.11 0.043* 0.00008** 0.006*
IVSs, cm 1.3 ± 0.23 1.27 ± 0.14 1.13 ± 0.18 0.83 0.03* 0.02*
LVIDs, cm 2.73 ± 0.31 2.97 ± 0.3 2.84 ± 0.36 0.03* 0.36 0.29
LVPWs, cm 1.63 ± 0.26 1.46 ± 0.13 1.32 ± 0.17 0.04* 0.0003** 0.02*
EDV, ml 86.21 ± 20.75 111.13 ± 18.41 92.19 ± 16.51 0.0008** 0.36 0.006*
ESV, ml 28.21 ± 7.44 35 ± 8.35 31.38 ± 9.47 0.02* 0.31 0.28
FS, % 36.94 ± 4.5 38.5 ± 5.36 36.5 ± 5.84 0.37 0.8 0.34
SV, ml 57.89 ± 15.28 76.19 ± 16.44 60.5 ± 11.95 0.002* 0.59 0.006*
EF, % 66.95 ± 5.51 68.25 ± 6.79 66.19 ± 7.32 0.54 0.73 0.43
LVdM, g 146.96 ± 28.46 171.53 ± 28.58 115.19 ± 26.25 0.02* 0.002* 0.000004**
LVdM index, g/m2 85.2 ± 14.71 88.92 ± 13.14 66.9 ± 13.06 0.45 0.0006** 0.00007**
LVdM acc. ASE, g 129.04 ± 22.77 148.71 ± 22.86 103.64 ± 20.99 0.02* 0.002* 0.000004**
LVdM index acc. ASE, g/m2 74.84 ± 11.66 77.11 ± 10.46 60.28 ± 10.3 0.56 0.0005** 0.0001**
Ao root dia, cm 2.2 ± 0.35 2.46 ± 0.23 2.24 ± 0.27 0.01* 0.62 0.02*
LA dia, cm 2.88 ± 0.27 3.19 ± 0.24 2.81 ± 0.25 0.001* 0.45 0.0002**
LA/Ao 1.3 ± 0.18 1.29 ± 0.14 1.27 ± 0.2 0.98 0.72 0.73
RA area, cm2 14.56 ± 2.82 15.12 ± 3 11.7 ± 1.55 0.61 0.002* 0.0006**
RA area index, cm2/m2 8.49 ± 1.71 7.83 ± 1.4 6.83 ± 0.95 0.25 0.003* 0.03*
LAESV (mod bp), ml 47.72 ± 7.95 55.08 ± 8.86 38.03 ± 7.87 0.02* 0.002* 0.000004**
LAESV index (mod bp), ml/m2 27.78 ± 4.56 28.51 ± 3.84 23.08 ± 5.52 0.63 0.01* 0.004*
RVd basis, cm 3.32 ± 0.39 3.3 ± 0.38 2.86 ± 0.31 0.58 0.009* 0.002*
RVd length, cm 6.96 ± 0.21 8.1 ± 0.61 7.04 ± 0.45 0.001* 0.73 0.00001**
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average of 18 segments (3 views à 6 segments) (Image 4), 
global circumferential strain (GCS) and global radial strain 
(GRS) were derived as the average of six separate myocar-
dial segments from a parasternal view. Segments without 
clear myocardial delineation or inability of the software to 
adequately track speckles were excluded from further analy-
sis, calculating averages based on the remaining segments.

Statistical analysis

All data was accumulated in Excel (Microsoft Corporation, 
Redmond, USA, 2019) and analyzed using SPSS Version 26 
(IBM Corporation, Armonk, USA). Normal distribution was 
assessed using a Kolmogorov–Smirnoff test. Comparisons 
between groups of normally distributed parameters were ana-
lyzed using an independent T-Test. Correlations were analyzed 
using a Pearson test for normally distributed and a Spearman 

Image 1   Left ventricular strain analysis in 4-chamber view, depicting the regional peak longitudinal strain values per segment (bottom left); lon-
gitudinal strain throughout the selected cardiac cycle for each segment (line graph, top right; color-coded, bottom right)

Image 2   Transverse left ventricular image in the parasternal short 
axis at the level of the papillary muscles; basis for the measurement 
of radial and circumferential strain
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test for non-normally distributed parameters. A p-value < 0.05 
was defined as statistically significant for all tests.

Results

All groups were matched regarding age (Table 2), while 
height and weight were higher in the volleyball group. In 
the sub-group analysis of body composition no differences 
were seen in total fat mass (absolute and relative), while 
visceral fat mass was lower in VP than C and fat free mass 
(absolute and relative) was higher (Table 3).

Echocardiography

No athletes or controls had to be excluded; visibility and 
myocardial delineation for strain analysis were adequate in 
all participants. Very few individual segments were excluded 
from calculating strain averages.

Conventional 2D echocardiography

Conventional echocardiographic measurements are sum-
marized in Table 1, while selected parameters are shown 
in Fig. 1. The interventricular septum diameter in diastole 
(IVSd) was larger in both athlete-populations compared to 
controls (Image 5) but not different between sporting disci-
plines. Only five athletes (4 FP and 1 VP) and no controls 

Image 3   Parasternal short axis transversal view at the level of the 
papillary muscles. The strain analysis depicts regional peak radial 
strain values per segment (bottom left); radial strain throughout the 

selected cardiac cycle for each segment (line graph, top right; color-
coded, bottom right)
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had IVSd ≥ 1 cm. The left ventricular internal diameter in 
diastole (LVIDd) was larger in VP than in FP and C; no dif-
ference could be noted for FP vs C. The left ventricular pos-
terior wall in diastole (LVPWd) was thicker in athletes than 
controls and in VP than FP (Table 1). Athletes had larger 
atria than controls, a larger right ventricular basal diameter 

in diastole (RVBDd), larger left ventricular end diastolic vol-
ume (LVVED) and a larger stroke volume (LVSV). No dif-
ferences were observed between sporting disciplines when 
indexed for body surface area (BSA). Ejection fraction (EF) 
was without significant difference between all groups, as 
were parameters of diastolic function. The length of the right 

Image 4   Bulls eye view of left ventricular longitudinal strain, depicted for each segment (LV-apex in the centre, LV-base in the periphery), 
derived by averaging all apical peak longitudinal strain measurements as shown in the line graphs

Table 2   Age, biometric data and training history of competitive football and volleyball athletes and controls

Significant differences emphasized in bold
Data are expressed as mean ± standard deviation (SD) for football-players (F), volleyball-players (V) and controls (C). BSA: body surface area
*≤ 0.05 significant value; **≤ 0.001 highly significant value

Variables Absolute values ± SD P values

Football (F, n = 19) Volleyball (V, n = 16) Control (C, n = 16) F vs. V F vs. C V vs. C

Age, years 22.9 ± 4.61 25.44 ± 2.89 23.63 ± 3.55 0.67 0.61 0.14
Height, m 1.69 ± 0.05 1.8 ± 0.04 1.67 ± 0.04 0.0000001** 0.11 0.000000001**
Weight, kg 62.63 ± 4.79 74.18 ± 7.15 62.65 ± 5.77 0.000003** 0.99 0.000035**
BSA, m² 1.72 ± 0.08 1.93 ± 0.1 1.7 ± 0.09 0.0000001** 0.51 0.00000047**
Years of training 16 ± 4.81 14.31 ± 4.63 0 0.31 0.0001** 0.0008**
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Table 3   Body composition of 
competitive volleyball athletes 
and controls

Significant differences emphasized in bold
Data are expressed as mean ± standard deviation (SD) for volleyball-players (V) and controls (C)
*≤ 0.05 statistically significant; **≤ 0.001 statistically highly significant

Variables Absolute values ± SD P values

Volleyball (V, n = 19) Control (C, n = 16) V vs. C

Body mass index 22.94 ± 1.71 22.49 ± 2.09 0.52
Fat mass, kg 19.54 ± 4.62 18.57 ± 4.24 0.55
Fat mass, % 26.01 ± 3.92 29.34 ± 4.31 0.34
Fat free mass, kg 54.67 ± 3.16 44.08 ± 2.75 0.0000000007**
Fat free mass, % 73.99 ± 3.92 70.65 ± 4.31 0.03*
Fat mass index 6.01 ± 1.27 6.65 ± 1.58 0.23
Fat free mass index 16.92 ± 0.78 15.79 ± 0.78 0.0004**
Visceral fat, l 0.05 ± 0.11 0.23 ± 0.22 0.007*
Waist circumference, cm 70.22 ± 6.2 66.16 ± 4.5 0.04*

Fig. 1   Selected parameters of 
the conventional echocardiogra-
phy are shown as mean ± stand-
ard deviation of competitive 
football athletes (F), volleyball 
athletes (V) and controls (C). 
End-diastolic volume in ml 
(EDV), stroke volume in ml 
(SV), ejection fraction in % 
(EF), left atrial end-systolic vol-
ume (LAESV index), diastolic 
interventricular septum in cm 
(IVSd). *Indicates a significant 
difference compared to both 
other groups

Image 5   Left: 4-chamber view of a football-athlete showing the 
eccentric hypertrophy typical of athlete’s heart; diastolic septal diam-
eter 1.1 cm, left ventricular diastolic diameter 5.1 cm. Right: 4-cham-

ber view of a control group participant; diastolic septal diameter 0.6 
cm, left ventricular diastolic diameter 4.4 cm
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ventricle in diastole (RVDl) was greater in VP than in the 
other two groups. 

Speckle tracking echocardiography

Strain-data is summarized in Table 4 and Fig. 2. No sig-
nificant differences were documented in global longitudinal 

strain (GLS), global circumferential strain (GCS) or global 
radial strain (GRS) between the athletes and controls or 
between sporting disciplines. Only five segments of the 
whole cohort had to be excluded from analysis due to 
reduced trackability of speckles by the software. A detailed 
analysis of the individual segments did not reveal any rel-
evant differences in any strain type when comparing the 

Table 4   Global strain values for competitive football and volleyball athletes and sedentary controls

Significant differences emphasized in bold
Data are expressed as mean ± standard deviation (SD) for football-players (F), volleyball-players (V) and controls (C)
*≤ 0.05 statistically significant; **≤ 0.001 statistically highly significant

Variables Absolute values ± SD P values

Football (F, n = 19) Volleyball (V, n = 16) Control (C, n = 16) F vs. V F vs. C V vs. C

Global circumferential strain (GCS), % − 18.99 ± 3.42 − 17.85 ± 2.82 − 18.22 ± 2.03 0.33 0.48 0.69
Global radial strain (GRS), % 41.06 ± 13.66 31.82 ± 17.03 42.79 ± 14.67 0.12 0.75 0.07
Global longitudinal strain (GLS), % − 20.26 ± 1.45 − 19.96 ± 2.34 − 20.95 ± 2.01 0.66 0.26 0.23

Fig. 2   Global circumferential 
Strain (GCS), global radial 
strain (GRS) and global longi-
tudinal strain (GLS) in football 
athletes (F), volleyball athletes 
(V) and controls (C) shown as 
mean ± standard deviation (SD)

Fig. 3   Longitudinal strain 
values of the combined apical 
segments of the left ventricle in 
football-players (F), volleyball-
players (V) and sedentary 
controls (C); mean ± standard 
deviation (SD). *Indicates a 
significant reduction compared 
to both other groups
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different groups of participants. However, when pooling 
segmental values into the three categories basal, mid-ven-
tricular and apical the volleyball players (VP) showed a 
significantly lower apical longitudinal strain compared to 
football players (FP) and controls (C) (Fig. 3). No correla-
tion between septal wall thickness (IVSd) and any of the 
global strain parameters could be documented. A compari-
son of global longitudinal strain-values between participants 
with septal wall thickness ≥ 1 cm and < 1 cm yielded no 
significant differences (p = 0.81).

Limitations

The primary limitation of the present investigation is the 
small sample size. With the aim of the present study being 
the analysis of potential norm value deviations in the cardiac 
mechanics of elite athletes the findings would have been 
more representative given a larger sample size. A further 
limitation is the smaller body size of the control group in 
comparison to the volleyball athletes. While being a fine 
comparator for the football athletes, the difference in body 
size may well limit the comparability of cardiac mechan-
ics with the volleyball athletes; the elongated heart archi-
tecture of the tall athletes may well influence some of the 
investigated cardiac parameters [14]. Furthermore, an exact 
documentation of training hours would have allowed for a 
more detailed analysis and comparison along the lines of 
training volume and cardiac mechanics. While a minimum 
and a maximum of physical training for the athletes and 
controls respectively was part of the in- and exclusion crite-
ria (see "Methods"), no details regarding by how much the 
athletes surpassed the threshold were analyzed. However, 
the fact that all athletes of the respective disciplines were 

team-mates allows for the estimation of similar training vol-
umes. Lastly, the all-caucasian sample limits the transfer of 
the results to the general population of athletes considering 
the well-documented differences in cardiac wall thickness 
between athletes of different ethnicity [6, 15].

Discussion

As expected, the athletes in this study demonstrated cardiac 
adaptations that have been described in many prior inves-
tigations as an adaptation to high levels of physical exer-
cise [1]. And while this study lacks the longitudinal design 
to investigate the effect of the specific sporting discipline 
on these adaptations, the observed differences between the 
athletes and control group regarding conventional echocar-
diographic parameters can be safely assumed to be exercise-
related. Thus, the hearts of the athletes had a larger mass 
(absolute and indexed to body surface area), a thicker sep-
tum, larger atrial volumes and a wider right ventricle than 
the hearts in the control group. The heart rate of the athletes 
was lower and in the sub-group analysis the volleyball-
players had a higher fat-free mass and less visceral fat than 
the control-group. The hypothesis that the athletes would 
present a larger ventricular septal diameter than the control 
group could not be falsified.

The three left venrticular strain parameters GLS, GRS 
and GCS did not differ between the sporting disciplines or 
between athletes and controls (Table 4); thus, hypothesis II 
could not be falsified. Figure 4 demonstrates the difference 
in septal diameter between athletes and control group, as 
well as a lack of difference in the global longitudinal strain 
values. This is in accordance with prior studies focusing on 
strain values in female athletes. D’Ascenzi et al. published 

Fig. 4   Comparing IVSd (inter-
ventricular septum diameter, 
diastolic, in mm) and GLS 
(global longitudinal strain, in %) 
in competitive football athletes 
(F), volleyball athletes (V) and 
controls (C). *Indicates a signif-
icantly smaller IVSd in controls 
vs. both groups of athletes
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the LV global longitudinal strain values of 24 female volley-
ball athletes, measured with the same vendor and software as 
the present study at − 19.7 ± 1.8 after detraining for 3 months 
and at − 20.5 ± 2.1 after 4 months of intense training; no LV-
GLS data was published for the control group as the study 
focused on the atria and the right ventricle [11]. Caselli et al. 
published LV-GLS data from a large athlete cohort (n = 200, 
including 78 female athletes), finding LV-GLS-values in ath-
letes within the normal range, but with slightly lower values 
when compared to the control group; LV-GLS was higher in 
females than males across the whole cohort. Similar GLS-
values as in the present study were presented for the athletes 
overall, albeit using hard- and software of a different vendor 
[9]. Cappelli et al. included 9 female endurance athletes in 
their comparison of 50 endurance athletes with hypertensive 
patients and healthy controls: LV-GLS did not differ between 
the athletes and the control group; results were not specified 
by gender. The GLS-values were comparable to the results 
of the present study [16]. A position statement by Pelliccia 
et al. and a review by D’Ascenzi et al. present similar LV-
GLS-values as the present study and conclude that even high 
training volumes in elite athletes do not normally reduce LV-
GLS-values [5, 6]. A meta-analysis published by Beaumont 
et al. in 2017 included only male athletes, but thoroughly 
analyzed all available data, concluding that GLS-values do 
not differ between athletes of varying disciplines and con-
trols; LV-GLS-values were comparable to the data of the 
present study. The authors did, however, find a correlation 
between LV-GLS and left ventricular mass index, suggesting 
a small LV-GLS-reduction associated with increasing physi-
ological exercise-associated hypertrophy, interpreted by the 
authors as indicative of an increased functional reserve in the 
highly trained heart [8]. Possibly due to the fact that hyper-
trophy is more pronounced in male athletes the present study 
did not find this association between hypertrophy and LV-
GLS-reduction, even in detailed regional analysis: To probe 
in more detail for an influence of physiological hypertrophy 
on strain values the anteroseptal and septal (3-chamber-view 
and 4-chamber-view respectively) longitudinal strain values 
and the septal segments in the short axis strain-values were 
analyzed regarding possible correlations between strain val-
ues and septal thickness; no significant correlations were 
observed.

The detailed comparison of segmental strain values 
between the groups did not reveal differences between indi-
vidual segments, supporting the credibility of the similar-
ity between the global values. The only deviation from the 
overall similar values between the groups was a slightly 
lower apical longitudinal strain in the elite volleyball play-
ers compared to both elite football players and controls 
(Fig. 3). Whether this finding is connected to differences in 
cardiac architecture and resulting contraction patterns (the 
hearts of the volleyball players were significantly longer, 

as befits the greater average height) or is a coincidental 
aberration must be elucidated in further studies revealing 
detailed segmental strain findings. Stefani et al. were able 
to demonstrate a basal–apical gradient with an increase in 
mid-apical longitudinal strain in male football players after 
an acute 3-min physical exertion (compared to the resting 
state beforehand) [17]. In their meta-analysis on cardiac 
strain in athletes, Beaumont et al. describe a higher apical 
dynamic in athletes, demonstrated by a reduced apical cir-
cumferential strain at rest, which increases during exercise 
[8]. Cappelli et al. report an increase in apical circumferen-
tial strain in hypertensive patients compared to athletes and 
controls, suggesting a compensatory mechanism of begin-
ning reduced contractile function. Based on these observa-
tions, the reduction in apical strain in the volleyball athletes 
may be a sign of an apical contractile reserve that may differ 
from the football- and control-cohort due to the elongated 
LV-structure. This is, however, conjecture that should be 
investigated by regional strain analyses after exertion in 
future studies in this cohort. Several studies have investi-
gated cardiac function and left ventricular architecture in 
tall athletes, and documented increased septal wall thickness 
and ventricular mass and dimensions [15, 18–20]. Regarding 
strain analysis by speckle tracking echocardiography Butz 
et al. found no correlations between strain values and height 
in athletes, patients with hypertrophic cardiomyopathy and 
control subjects [4]. However, the influence of left ventricu-
lar architecture has been demonstrated to affect strain val-
ues [14]. Thus, future studies including tall athletes should 
aim to recruit a non-athletic control cohort of similar height 
to reduce the chance of distorted comparisons due to this 
physical characteristic. Ventricular loading conditions, too, 
have been shown to influence cardiac strain values [14]; the 
loading conditions of all participants of the current study 
were similar, lacking load-influencing co-morbidities and 
resting in a supine position with no prior physical engage-
ment. A potential error source when assessing apical strain 
values is apical foreshortening [21]; however, great care was 
applied during image acquisition and analysis to avoid this 
phenomenon.

The average septal thickness in the elite athletes of the 
present study was 0.83 cm ± 0.12 cm and thus within the 
range of previous observations [22, 23]. As observed in 
these large athlete cohort studies, septal hypertrophy is gen-
erally less pronounced in female elite athletes than in male 
elite athletes. However, hypertrophy does occur in female 
athletes, as do pathological conditions such as hyperten-
sion or hypertrophic cardiomyopathy. So while the critical 
question for the sports cardiologist regarding the physiologi-
cal or pathological nature of borderline septal hypertrophy 
(ca. 1.5 cm) is a lot more common when caring for male 
athletes, investigations into the effects on cardiac strain in 
female athletes with pronounced cardiac adaptations must 
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not be neglected. Also, strain analysis by speckle tracking 
echocardiography has been demonstrated as a useful tool in 
the detection of inflammatory cardiac processes [7]. In the 
day to day care of elite athletes the question of myocarditis 
arises regularly, thus adding to the necessity to establish 
strain norm values for all athlete cohorts to allow for strain 
analysis to be effectively used regarding the diagnosis of 
this pathology.

Perspective

As mentioned above, the female athlete has been somewhat 
neglected regarding research of cardiac strain values, their 
possible alteration due to a high training volume and their 
utility as a diagnostic tool. The present study adds to the 
very limited data available of 2D-STE derived left ventricu-
lar strain values of female athletes, specifically focusing on 
female football- and volleyball-athletes with an age- and sex-
matched control group. Further research focusing on cardiac 
strain in female athletes is needed to establish strain analysis 
by speckle tracking echocardiography as a diagnostic tool 
across many disciplines of female elite athleticism.
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