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Abstract
Purpose  Literature examining left ventricular (LV) structural adaptations to combined strength and endurance training is 
inconsistent. Rugby is a sport that combines these two exercise modalities, both during training and match play. This study 
aimed to explore differences in LV structure between high-level rugby players and untrained controls. Body composition 
analysis was performed to determine the most appropriate indexing variable for LV mass (LVM) and understand if increases 
in LV represent either a training-related physiological adaptation or reflect the groups’ anthropometric differences.
Methods  A cross-sectional design compared 10 rugby players and 10 untrained age-matched, male controls. Body com-
position was obtained by bioelectrical impedance. M-mode echocardiographic imaging was performed on the LV from the 
parasternal long axis view.
Results  Significantly greater end-diastolic interventricular septum, LV internal diameter, posterior wall thickness, LVM and 
LVM/fat-free mass (FFM) (p < 0.05) were found in rugby players compared to age-matched controls. Moreover, Pearson’s cor-
relation tests revealed FFM to be the body composition variable with the strongest correlation to LVM (r = 0.775, p < 0.001).
Conclusion  The differences in LV structure between groups suggest that the combined endurance and strength training that 
rugby athletes are subjected to, induce a process of concentric and eccentric enlargement of the LV structure. Furthermore, 
the association found with FFM, suggests it to be the most appropriate body scaling variable to index to LVM and, thus, 
should be considered when describing increases in LVM. The present research suggests that increased LVM in the athletes 
group represents true physiological adaptations to training.
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Introduction

The term “Athlete´s Heart” has been used to define the 
electrical, structural and functional myocardial adaptations 
promoted by frequent intensive physical training [1]. These 
changes are known to affect the four cardiac chambers [2, 3]; 
however, changes in the left ventricle (LV) are more clearly 
and consistently described in the literature [3]. When com-
pared to sedentary controls, athletes tend to show greater 
LV mass (LVM) [4, 5] due to alterations on the loading 

conditions of the heart during exercise [6]. These modifica-
tions in the LV morphology are known to be highly depend-
ent on the sport´s specificities [1, 6, 7].

Athletes participating in endurance sports have previously 
been shown to undergo a process of eccentric hypertrophy 
of the cardiac muscle which is characterized by a greater 
LV internal diameter (LVID) in diastole [8]. Whereas, in 
strength-trained athletes, the increased LVM is mainly attrib-
uted to increased LV walls thickness, a process denominated 
concentric enlargement [8]. It is well established that the 
eccentric hypertrophy in the LV, induced by regular endur-
ance training, is due to a volume overload associated with 
the elevated cardiac output verified during endurance exer-
cise [3, 9, 10]. On the contrary, there is no consensus regard-
ing the mechanisms promoting LV concentric hypertrophy 
in strength-trained athletes. Pluim et al. [3] proposed that 
the heart walls thicken with weight lifting to cope with the 
exaggerated blood pressure induced by this type of exercise. 
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However, Naylor et al. [7] suggested that, in strength-trained 
athletes, increases in the LV wall thicknesses might be due 
to a larger body size induced by strength training.

It can be concluded that the literature is clear when show-
ing that different types of exercise induce different patterns 
of LV hypertrophy. Nevertheless, studies analyzing cardiac 
remodeling in mixed-trained athletes (characterized by 
strength and endurance activities) have demonstrated incon-
sistent findings [5, 11].

Rugby is a sport that elicits a variety of physiological 
responses as a result of repeated high-intensity sprints and a 
high frequency of contact. It is, therefore, a sport that com-
bines moderate and high endurance components with moder-
ate strength components [12]. To the best of the researcher´s 
knowledge, few studies have compared LV dimensions 
between rugby players and sedentary controls. Forsythe et al. 
[13] demonstrated that rugby players engaged in more than 
10 weekly hours of structured exercise, presented greater LV 
diameters, walls thickness and mass compared to inactive 
controls. Differences between groups were still significant 
after scaling for body dimensions, suggesting that rugby 
training induces physiological eccentric and concentric LV 
enlargement. Mandigout et al. [14] concluded that amateur 
players (3 h of training per week) had undergone a process 
of concentric LV enlargement. However, despite absolute 
LVM being significantly greater in the amateur group of 
players compared to controls, the difference between trained 
and untrained subjects was no longer significant when LVM 
was indexed to body surface area (BSA). This suggests the 
increased LVM in amateur rugby players mirrors greater 
body dimensions compared to controls, rather than physi-
ological adaptation to training. However, when elite play-
ers (14–16 h of training per week) were compared to the 
sedentary participants, the athletes´ group demonstrated a 
process of both eccentric and concentric hypertrophy of the 
LV. Moreover, LVM in elite players was also significantly 
greater when indexed to BSA which indicates that a sub-
stantial increase in LVM is a physiological adaptation to the 
training stimulus. Nonetheless, in the above-mentioned stud-
ies [13, 14], LVM was indexed to BSA, which, according to 
George et al. [15], is not the most suitable body dimension 
to use with athletes because of the difference in body com-
position between athletes and non-athletic individuals. When 
LVM is indexed to more appropriate variables as FFM [16], 
differences in the LVM between rugby players and controls 
might not be evident.

Considering that rugby players usually present bigger 
body dimensions compared to the general population [12], 
indexing LVM to body dimensions when analyzing the car-
diac structure of these athletes is important to understand 
if LV remodeling results from physiological adaptations to 
training stimulus or greater body size [15]. Different body 
size measurements have been proposed to be indexed with 

LVM [17]. However, whilst previous research has high-
lighted FFM as the most appropriate variable when index-
ing LVM in athletes [16, 18, 19], research within this area 
is still limited.

The aim of this study was to compare LV structure 
between rugby players and healthy age-matched sedentary 
counterparts. Additionally, body composition analysis was 
performed to determine the body composition variable that 
most correlates with LVM and understand if increases in LV 
represent true physiological adaptation to the training stimu-
lus or simply reflect the groups’ anthropometric differences. 
It was hypothesized that rugby players would have greater 
LV dimensions compared to untrained controls and the dif-
ference between groups in LVM was expected to remain 
after indexed to body dimensions.

Methods

Participants

Twenty healthy male volunteers participated in the current 
study. A minimum sample size of 18 participants was cal-
culated to be 80% powerful (G*Power 3.1, Heinrich-Heine-
Universität, Dusseldorf, Germany) based on a previous 
study [5]. The experimental group included 10 high-level 
rugby players from different positions who play in the RFU 
Championship League and had been competitively active 
for, at least, 4 years before the study. Their training regimen 
during the season consisted of 3 h of strength and 4.5 h of 
rugby training divided into 6 weekly sessions. The decon-
ditioning period was 6 weeks per year. The control group 
comprised 10 age-matched untrained males who reported to 
do less than 150 min of moderate to vigorous physical activ-
ity (energy expenditure > 3 METs [20]) per week, during 
the 4 years prior to the study. Participants from the control 
group attended the University of Bedfordshire Sports Sci-
ence Laboratories where the data were recorded. Data for the 
rugby players group were collected at the Ampthill Rugby 
Club´s facilities. Individuals with heart abnormalities, high 
blood pressure (over 140/90 mmHg) or smokers were not 
included in the present study. Participants’ details can be 
seen in Table 1. The study was approved by the University 
Research Ethics Committee and all participants provided 
informed consent prior to participation.

Anthropometric measurements

Participant´s height was measured with a conventional 
stadiometer to the nearest 0.1 cm (HAR- 98.602; Holtain, 
Pembrokeshire, UK). Height measurement was performed 
with the participants barefoot and facing forwards as tall 
and straight as possible with their heels together. Height 
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and body mass were used to calculate BSA, with the 
Mosteller formula [21]. Body composition was assessed 
via bioelectrical impedance using a body composition 
weighting scale (BC418MA Segmental Body Compo-
sition Analyser; Cranlea, Birmingham, UK). Measure-
ments were performed with the participants barefoot and 
in light clothes standing on the scales, while holding its 
grips. Alcohol, caffeine, exercise, or food intake were not 
allowed in the 8 h preceding testing.

Blood pressure

Resting blood pressure was measured with an automatic 
blood pressure monitor (Omron M5-I; Cranlea, Birming-
ham, UK). Blood pressure was recorded after the partici-
pants being at seated rest for 5 min. The arm was placed 
and supported on the horizontal plane, level with the heart 
and measurements were recorded according to standard-
ized guidelines [22].

Echocardiographic measurements

M-mode echocardiographic studies were performed using 
a commercially available instrument (Vivid 7; Mius Ltd., 
Gloucester, UK). Echocardiographic studies were per-
formed following the current clinical standards from the 
American Society of Echocardiography [23]. Participants 
were undressed from the waist up and asked to lay in the 
left lateral decubitus position with an integrated 3-lead ECG 
attached in a modified Lead II position. A phased array (3S 
2.2–5.0 MHz) transducer was placed at the parasternal win-
dow (at the point of the mitral valve) allowing the production 
of a two-dimensional image of the LV on the parasternal 
long axis. M-mode imaging was performed at the level of the 
mitral valve leaflets. Five consecutive cardiac cycles were 
obtained and with measurement of three consecutive cycles 
performed and averaged [23]. Data for each participant were 
collected during a single testing session.

Data analysis

LV end-diastolic internal diameter (LVIDd) was measured 
as the minimum separation between the LV septal and pos-
terior wall; end-diastolic interventricular septum (IVSd) was 
defined as the distance between the septal surface of the 
right ventricle and the leading edge of the LV surface of the 
septum; LV posterior wall thickness (LVPWd) was meas-
ured from the endocardial surface to the epicardial–peri-
cardial interface (see Fig. 1). All these measurements were 
performed on three consecutive cardiac cycles in end-dias-
tole which was digitalized at the onset of the Q wave [23]. 
The mean of the three measurements was then determined 
and the values were used to calculate LV mass using the 
formula: LVM (g) = 0.8 × 1.04 × [(LVIDd + IVSTd + LVP-
WTd)3 − (LVIDd)3] + 0.6 [23]. LVM was indexed to FFM, 
fat mass (FM), body mass, height2.7 and BSA. Relative 

Table 1   Participants characteristics

SBP systolic blood pressure, DBP diastolic blood pressure
*p < 0.05, significant difference between untrained and trained par-
ticipants

Untrained
(n = 10)

Trained
(n = 10)

p value

Age (years) 23.50 ± 2.32 23.50 ± 3.34 0.939
SBP (mmHg) 120.90 ± 12.30 134.20 ± 6.20 0.028*
DBP (mmHg) 75.30 ± 8.34 76.80 ± 7.35 0.675
Height (cm) 175.00 ± 4.97 187.20 ± 6.40 0.000*
Body Mass (kg) 79.11 ± 18.55 101.37 ± 9.02 0.003*
Fat Free Mass (kg) 63.57 ± 10.40 84.45 ± 7.36 0.001*
Fat Mass (kg) 15.56 ± 9.20 16.92 ± 3.35 0.669
Body surface area (m2) 1.95 ± 0.21 2.30 ± 0.14 0.000*

Fig. 1   Measurements of 
end-diastolic inter ventricular 
septum (IVSd), left ventricular 
end-diastolic internal diameter 
(LVIDd) and left ventricle 
end-diastolic posterior wall 
thickness (LVPWd)
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wall thickness (RWT) was calculated using the formula: 
RWT = (2 × LVPWd)/(LVIDd) [23].

Intra‑observer reproducibility

In a separate group of eleven participants, within-day intra-
observer reproducibility was assessed using a coefficient of 
variation for LV dimensions: IVSd 9.4%, LVID 2.9% and 
PWTd 9.1%.

Statistical analysis

Measurements are presented as mean ± standard deviation. 
Statistical analyses were performed using the Statistical 
Package for the Social Sciences for Windows (IBM SPSS 
statistics version 22, New York, USA). Shapiro–Wilk tests 
were used to check for normality. All normally distributed 
variables were analyzed between groups using an independ-
ent T-test and a non-parametric Mann–Whitney U test was 
used with non-normally distributed variables. Cohen’s d 
effect sizes were used to examine the magnitude of effect and 
calculated with a formula proposed by Lakens [24]. Pearson 
correlation tests were performed to obtain the Pearson cor-
relation coefficient between the body composition measure-
ments and LVM. Significance was set at a p < 0.05 for all 
calculations.

Results

According to the rating scale of 1–4 proposed by Beaumont 
et al. [25], 80% of the echocardiographic images were con-
sidered good or excellent.

Control and experimental groups were matched for 
age (p > 0.05). No significant differences between groups 
were found for diastolic blood pressure (p > 0.05) and FM 
(p > 0.05). However, systolic blood pressure, height, body 
mass, FFM and BSA were significantly greater (p < 0.05) in 
the rugby players (see Table 1).

Standard echocardiographic parameters are presented in 
Table 2. Absolute values of IVSd, LVIDd, LVPWd and LVM 
were significantly higher in the trained group compared to 
controls (p < 0.05). Once indexed to height, BSA and FFM, 
LVM was still significantly greater (p < 0.05) in the athletes´ 
group compared to controls. Whereas, indexing LVM to 
FM removed the significant difference in the LVM between 
groups (p > 0.05).

Correlations´ graphics can be seen in Fig. 2. FFM was 
the measure that strongest correlates to LVM (r = 0.775; 
p < 0.001) followed by BSA (r = 0.737; p < 0.001), weight 
(r = 0.683; p = 0.001) and height (r = 0.650; p = 0.002). All 
these variables were positively correlated with LVM. On the 
contrary, FM was the only body dimension that was shown 
not to be related to LVM (r = 0.253; p = 0.282).

Discussion

The main findings of the current study were that elite 
rugby players presented greater IVSd, LVIDd, LVPWTd 
and LVM than controls. Additionally, differences in LVM 
between groups remained significant after scaling the values 
for FFM, BSA, height2.7 and mass, indicating that rugby 
training induces physiological concentric and eccentric LV 
enlargement.

Significant differences in systolic blood pressure 
were observed between the rugby players and sedentary 

Table 2   Echocardiographic 
LV structure and LVM values 
indexed to body dimensions

IVSd interventricular septum in diastole, LVIDd left ventricle internal diameter in diastole, LVPWd left ven-
tricle posterior wall in diastole, RWT​ relative wall thickness, LVM left ventricle mass, BSA body surface 
area, FFM fat-free mass, FM fat mass, N/A non-applicable
*p < 0.05, significant difference between untrained and trained participants

Untrained
(n = 10)

Trained
(n = 10)

p value Confidence Intervals Cohen´s d

     Lower    Upper

IVSd (cm) 0.86 ± 0.13 1.31 ± 0.16 0.000* − 0.58 − 0.31 3.05
LVIDd (cm) 4.93 ± 0.20 5.33 ± 0.23 0.001* − 0.60 − 0.19 1.82
LVPWd (cm) 0.86 ± 0.11 1.21 ± 0.15 0.000* − 0.47 − 0.23 2.72
RWT​ 0.35 ± 0.04 0.46 ± 0.06 0.001* − 0.15 − 0.06 2.07
LVM (g) 151.21 ± 29.08 283.23 ± 48.03 0.000* − 169.31 − 94.72 3.33
LVM/height2.7 (g/m2.7) 33.59 ± 7.39 52.34 ± 10.09 0.000* − 27.06 − 10.44 2.12
LVM/body mass (g/kg) 1.96 ± 0.35 2.80 ± 0.49 0.000* − 1.25 − 0.45 2.00
LVM/BSA (g/m2) 77.63 ± 12.00 123.58 ± 20.87 0.000* − 61.95 − 29.97 2.70
LVM/FFM (g/kg) 2.40 ± 0.37 3.37 ± 0.62 0.000* − 1.46 − 0.50 1.91
LVM/FM (g/kg) 13.24 ± 7.73 17.13 ± 3.18 0.158 − 9.45 1.66 0.66
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individuals within our sample. Overall, rugby players pre-
sented with increased systolic pressure in comparison to 
controls. This sustained increase in systolic blood pressure 
within the rugby players could provide an alternative expla-
nation for the observed difference in cardiac structure, as 
result of ‘pressure overload’ rather than adaptation to the 
training stimulus. Grossman et al. [26] have previously found 
significant increases in wall thickness in pressure overloaded 
conditions when exploring the pathological heart. However, 
it should be noted that whilst rugby players presented with 
increased values in comparison to sedentary individuals, the 

group mean value of 134 mmHg for systolic blood pressure 
is not considered hypertensive [22].

Previous research has shown that, when compared to 
inactive controls, athletes engaged in endurance exercise 
consistently show significantly increased values of LVIDd 
and LVM [3]. Existent literature has also reported signifi-
cantly greater wall thickness in endurance athletes compared 
to control groups [10, 27]. Athletes involved in strength 
exercise training, however, tend to show significantly greater 
wall thickness and LVM than inactive controls but similar 
LVIDd [27, 28].

Fig. 2   Pearson correlation tests of left ventricle mass with A fat mass B height C weight D body surface area (BSA) E Fat free mass (FFM). 
Open circles: untrained participants. Solid circles: trained participants
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The results of the present study are reinforced by Pluim 
et al. [3] as rugby players are athletes who are subjected 
to both endurance and strength training components [12]. 
Considering the existent literature analyzing LV structure in 
mixed-trained athletes, Mantziari et al. [5] findings indicate 
that combined strength and endurance exercise training only 
promotes concentric LV enlargement in elite rowers, con-
trasting with the results from the present research. On the 
contrary, when King et al. [11] assessed the LV structure in 
elite-rowers, with findings that support the current study, and 
the theory that mixed-trained athletes undergo a process of 
both concentric and eccentric enlargement of the LV cavity.

To the best of the researcher´s knowledge, only two stud-
ies have compared the LV structure between rugby athletes 
and controls [13, 14]. Forsythe et al. [13] contrasted the LV 
geometry between rugby players who participated in > 10 h 
of structured exercise and non-athletic controls. Concur-
ring with the results from the present research, the authors 
[13] reported greater absolute and indexed values of LVIDd, 
walls thickness and LVM in athletes compared to their 
inactive counterparts. Effect sizes from Forsythe et al. [13] 
study showed a large effect (> 0.8) for LVIDd (d = 1.50), 
LVM (d = 2.90), LVM/BSA (d = 1.66) and mean wall thick-
ness (d = 1.00), which are in line with the large effect sizes 
observed in the present study. Results from Forsythe et al. 
[13] support the theory that mixed-type training induces 
both eccentric and concentric LV enlargement.

Mandigout et  al. [14] compared the LV structure of 
amateur and elite rugby players with controls. When the 
amateur players were compared to controls, only PWTd 
and LVM were found to be increased in the athletes´ group 
while no significant differences in LVIDd and IVS were 
found between groups. However, when LVM was indexed to 
BSA, differences between groups no longer achieved signifi-
cance, suggesting that greater LVM in amateur rugby players 
compared to controls only mirrors bigger body dimensions 
within the athletes and does not represent true physiological 
adaptation to training. According to Fagard [2], more than 
3 h of exercise per week is required to promote changes in 
the LV structure. Considering this group of amateur players 
only trained 3 h weekly, this might explain why the amateur 
athletes did not undergo a process of cardiac remodeling in 
response to training.

However, when Mandigout et al. [14] compared elite 
rugby players´ LV dimensions (14–16 h of training per 
week) with those of the untrained controls, the authors 
reported similar findings to the current study. Significantly 
greater values of LVIDd (d = 1.68), PWTd (d = 2.09), IVSd 
(d = 1.99), LVM (d = 2.86) and LVM/BSA (d = 1.70) were 
reported in the trained group compared to sedentary controls 
[14]. As LVM was still increased in athletes after consider-
ing BSA, suggests that the greater LVM in athletes repre-
sents a true physiological adaptation to the exercise stimulus 

and does not only reflect bigger body size in the athletes´ 
group. Therefore, our results further reinforce those pre-
sented by Mandigout et al. [14] with elite players, suggesting 
that high-level rugby players undergo a process of concen-
tric and eccentric LV enlargement. The large effect sizes 
observed in Mandigout’s study [14] agree with the ones from 
the current research, additionally strengthening this theory.

It is, however, important to highlight that, according to 
current standards, rugby players from this study were consid-
ered to show LV concentric hypertrophy, as defined by rela-
tive wall thickness greater than 0.42 and LVM/BSA greater 
than 115 g/m2 [23]. This is reinforced by the greater effect 
sizes observed for IVSd, PWTd and RWT than LVIDd when 
untrained controls were compared with the athletes group. 
This finding contrasts with the previous research presented 
above [13, 14], where rugby athletes demonstrated greater 
LV dimensions than controls but were not considered to be 
in the “hypertrophic” category proposed by Lang et al. [23].

Despite our results agreeing, to some extent, with those 
reported by Mandiout et al. and Forsythe et al. [13, 14]., they 
used BSA to index LVM to body size, which may not be 
the most appropriate variable when indexing LVM to body 
dimensions, especially in populations where changes in body 
composition are likely to occur (e.g., athletes) [29]. Another 
relevant finding from the current study was the difference in 
the LVM between groups remaining significant after index-
ing the values to FFM, BSA, height2.7 and mass. To account 
for differences in body size when comparing LV structure 
between athletes and inactive controls, BSA is often used to 
index echocardiographic parameters [9, 28]. However, BSA 
does not take into account differences in body composition 
[4, 17, 15]. Furthermore, BSA is affected by FM [16], which 
was not found to be correlated to LVM in the current study. 
The lack of correlation between FM and LVM might be an 
explanation for why LVM/FM ratio did not reach a statisti-
cally significant difference between groups. Literature has 
suggested FFM as the most applicable indexing variable to 
use, especially when studying the cardiac structure in ath-
letes who are expected to have undergone body composition 
changes [16, 19]. This is further supported by the present 
study highlighting FFM as the optimal body dimension for 
standardization of LVM.

Moreover, Naylor et al. [7] suggested that the increased 
LV dimensions observed in highly trained athletes might 
only reflect greater body dimensions in this population and 
not physiological adaptation to training. Studies performed 
with endurance [16], and strength-trained [4] athletes have 
provided support to Naylor´s theory by showing that athletes 
present greater LVM when compared to controls; however, 
when LVM is indexed to FFM, differences in LVM between 
groups are no longer significant. In contrast, the present 
research showed the difference in the LVM between groups 
was still significant after indexing the values to FFM, BSA, 
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height2.7 and mass, which suggest that increased LV dimen-
sions in athletes represent a true physiological adaptation to 
the training stimulus and does not only reflect larger body 
dimensions (especially lean body mass) that usually charac-
terize athletes when compared to inactive controls.

Limitations

Despite the relevant findings, the small sample size included 
in the present study warrants mention. Additionally, when 
further research compares rugby player’s hearts with a sed-
entary group of controls, we recommend that the players´ 
field position is taken into account as it has been found to 
have an impact on the LV remodeling [30]. Moreover, in the 
present study, FFM was determined by bioelectric imped-
ance analysis. Although this method has been validated in 
the past [31], literature proposes Dual-energy X-ray absorp-
tiometry as the most preferred method for measuring body 
composition [32]. Nevertheless, as part of the data collection 
was undertaken offsite, bioelectric impedance analysis was 
the most efficient and cost-effective solution. It should also 
be noted that cardiac structure specifically IVSd, LVIDd and 
PWTd were the main variables examined with the present 
study. With the effects of myocardial thickening on cardiac 
function, including longitudinal strain and ejection fraction, 
currently being inconsistent [33], future research may ben-
efit from exploring measures of cardiac function in addition 
to the structural measures in this study. Additionally, when 
interpreting the correlations between LVM and body dimen-
sions that are presented in the current research, it must be 
acknowledged that, despite correlations between two vari-
ables provide information about a pattern in the data, it does 
not necessarily mean there is a causal relationship between 
the variables.

Conclusion

The present study showed increased LVIDd, LVPWTd, 
IVSd, LVM and LVM/FFM in rugby athletes who were 
submitted to 7.5 h of training per week when compared to 
untrained age-matched controls. These findings indicate that 
rugby training induces a process of concentric and eccentric 
enlargement of the LV structure. Although, it is important 
to mention that, according to the most recent guidelines 
[14], the athlete´s group was only considered to have con-
centric LV hypertrophy. Moreover, since the LVM was sig-
nificantly increased in athletes after adjusting the values for 
body dimensions, our research suggests that the increased 
dimensions of the LV observed in athletes represent a true 
physiological adaptation to the training stimulus. In addition 
to this, FFM was proven to be the body dimension that best 

correlates with LVM. Therefore, we suggest the ratio LVM/
FFM to be used when comparing the LV structure between 
athletes and controls with different body sizes.
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