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Abstr act

We examined the association of heart rate variability assessed 
with the logarithm of the root mean square of successive dif-
ferences (LnRMSSD) and perceived recovery status of nine elite 
water polo players with the fluctuations of the internal training 
load (ITL). ITL, post-wakening LnRMSSD, and measures of per-
ceived recovery were obtained across one regeneration week, 
during two mesocycles of intensified preseason training (PR1, 
PR2) and during two mesocycles of in-season training (IN1, 
IN2). ITL at PR1 and PR2 was increased by 60–70 % compared 
to regeneration week (p < 0.01) and was reduced by 30 % at IN1 
and IN2 compared to PR1 and PR2 (p < 0.01). Weekly averaged 
LnRMSSD (LnRMSSDmean) was higher in IN2 compared to re-
generation week and PR2 (p < 0.01 and p < 0.05, respectively). 
Perceived recovery was higher at IN1 and IN2 compared to PR2 
(p = 0.01 and p < 0.001, respectively). ITL correlated with Ln-
RMSSD in the preseason (r = –0.26, p = 0.03). Nonetheless, 
similar association was not apparent during the in-season pe-
riod (r = 0.02, p = 0.88). Cardiac autonomic perturbations may 
not occur when an increment of internal training load is less 
than 60–70 %. However, the reduction of training load in season 
by 30 % improves both LnRMSSDmean and perceived recovery 
status, implying that training periodization may lead players in 
supercompensation.
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Introduction
In water polo, preseason training encompasses various types of train-
ing that aim to improve players’ physical conditioning, and techni-
cal and tactical efficiency [1]. Following preseason training, a period 
of reduced training load is usually applied aiming to reduce fatigue 
and facilitate players’ readiness to play. However, in an elite team-
sport setting the preseason period is typically brief and players are 
exposed to abrupt increases in training load [2], making them sus-
ceptible to overreaching. In addition, a demanding training and com-
petition schedule during the in-season period may hinder players’ 
recovery and increase fatigue accumulation. Therefore, training 
monitoring using accurate and easy-to-use tools is indispensable for 
tracking and managing players’ fatigue and recovery status.

Vagally mediated heart rate variability (HRV) is considered a glob-
al index of homeostasis mirroring cardiovascular recovery after a 
training session [3]. The logarithm of the root mean square difference 
particularly of successive RR intervals (LnRMSSD) reflects cardiac par-
asympathetic modulation and is considered a fatigue-sensitive mark-
er [3]. Accordingly, LnRMSSD has been used in various team sports 
for tracking individual and group adaptations to training [4–8]. In 
water polo particularly, Botonis et al. [4] demonstrated that daily 
measures of LnRMSSD were useful in tracking cardiac autonomic dis-
turbances and changes in the recovery status of international-level 
water polo players. In soccer also, weekly averages (LnRMSSDmean) 
and the coefficient of variation (CV) of LnRMSSD (LnRMSSDcv) have 
been used to measure players’ training response [8, 9].

High training loads coincide with decreases in LnRMSSDmean, in-
creases in LnRMSSDcv, and concomitantly with increases in players’ 
perceived fatigue [9, 10], yet this is not a generally accepted view 
[8]. In water polo, however, a recent short-term observation [4] in-
dicated that the fluctuation of LnRMSSD is not associated with the 
respective fluctuation of the training and match load, implying that 
there is no dose-response relationship between LnRMSSD and train-
ing load. Thus, a long-term surveillance of training and competi-
tion load is warranted to examine the relationship between train-
ing load and HRV-related parameters in elite water polo players.

Various studies have examined the usefulness of HRV and sub-
jective measures in identifying training responses and players’ fa-
tigue/recovery status, but relatively limited studies exist on elite 
team-sports players [11, 12]. In addition, the majority of previous 
studies include short-term ( < 5 weeks) or non-systematic (only pre-
post measurements were employed) observations. Τhe conveni-
ence of longitudinal ( > 8 weeks) and systematic monitoring of 
training using HRV-related measures combined with subjective re-
sponses in elite team-sports, and in water polo particularly, remains 
to be elucidated. Therefore, the purpose of the present study was 
to examine if LnRMSSDmean, LnRMSSDCV, and perceived recovery 
status of elite water-polo players are associated with the fluctua-
tions of the internal training load assessed with the session-RPE 
method during a preseason and in-season training period.

Materials and Methods

Participants
Nine elite male water-polo players (age: 25.6 ± 4.7 years, body 
mass: 94.4 ± 8.2 kg, stature: 191.9 ± 12.5 cm) took part in the study. 

All players had long training experience ( > 7 years of systematic 
water polo training) and participated in national league matches 
and in the LEN European Champions League tournament. The col-
lection data period started at the end of August 2019 and was ter-
minated at the end of October 2019. All participants provided writ-
ten informed consent prior to the commencement of the study. 
The experimental protocol was approved by the faculty review 
board (1107/13-03-2019) and conformed to the Declaration of 
Helsinki. Procedures were performed in accordance with the ethi-
cal standards of the International Journal of Sports Medicine [13].

Experimental design
The experimental design of the study is depicted on ▶Fig. 1. The 
players were monitored throughout a preseason period (5 weeks) 
as well as at the initial stages of the in-season period (4 weeks). The 
first week of the preseason period was considered as a regenera-
tion week (from August 26th to September 1st). Thereafter, the 
training consisted of 2 mesocycles of preseason training (PR1 from 
September 2nd to September 15th, PR2 from September 16th to 
September 29th), which were followed by the in-season training 
period consisting of 2 mesocycles of reduced training load (IN1 
September 30th to October 15th, IN2 October 16th to 31 October 
31st). A summary of the training implemented during the presea-
son and in-season is presented in ▶Table 1. Resting HRV was meas-
ured in the training facility three times a week (except for the re-
generation week, wherein HRV was measured four times). During 
the monitoring period, participants rated their perceived recovery 
status each morning upon awakening [14]. Perceived recovery was 
assessed on a scale of 0 (very poorly recovered/extremely tired) to 
ten (very well recovered/highly energetic) with players asked “how 
do you feel?”.

Internal training load (ITL) was measured 30-min post-training 
by multiplying the rating of perceived exertion (RPE) with training 
session duration (session RPE) [15]. This method of training load 
quantification has been previously validated in elite youth water-
polo players [16]. Moreover, the ITL of each match was calculated 
by multiplying session RPE provided by each player 30 min post-
match with the match duration played by each one. Throughout 
the distinct training phases, the perceived recovery status [17] was 
obtained from each player every morning upon awakening (at ap-
proximately 08:00 a.m.).

Heart rate (HR) was measured thirty minutes after waking and 
before the beginning of the morning training session (08:45 a.m.) 
in a temperate and quiet room with participants remaining seated, 
silent, and relaxed. Participants were instructed not to consume 
food or coffee prior to the initiation of the measurements. After al-
lowing 1 min for stabilization (stabilization period was excluded 
from the analysis), the RR intervals were measured for three con-
secutive minutes. RR interval data were recorded using a Polar V800 
(Polar, Kempele, Finland) with a Polar H7 chest strap. RR recordings 
were downloaded via accompanying Polar software (Polar Flow; 
Polar) and later were analyzed for the LnRMSSD with an HRV anal-
ysis software (Kubios HRV Standard 3.3.0 Software; Biomedical 
Signals Analysis Group, University of Kuopio, Kuopio, Finland). Oc-
casional artefact noise was automatically replaced with the inter-
polated adjacent RR interval values (very strong filter power). Ln-
RMSSDcv was calculated intra-individually as the standard deviation 
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of the LnRMSSD values obtained in each training phase divided by 
the mean and multiplied by100.

Statistical analyses
All results are expressed as mean ± standard deviation. Variation in 
LnRMSSD, perceived recovery, and ITL values across the training 
phases was evaluated using one-way repeated measures analysis 
of variance. A Tukey’s honest significant difference post-hoc test 
was employed to detect specific differences between means. As a 
measure of effect size, Cohen’s d was calculated and values of 0.20, 
0.50, and above 0.80 were considered small, medium, and large, 
respectively. Correlations between training load and LnRMSSD val-
ues across time were analyzed for each player using Pearson’s r cor-
relation coefficient and for the total sample using the correlation 
coefficient for repeated measures [18]. Significance level was set at 
p ≤ 0.05.

Results
▶Table 1 represents the average ITL value for each distinct training 
phase. In regeneration week, ITL was lower compared to all the other 
mesocycles (p < 0.01, d = 1.24–8.06). Moreover, ITL was higher in PR1 
and PR2 compared to both IN1 and IN2 mesocycles (p < 0.01, 
d = 9.91–10.82). No differences in ITL were observed between PR1 
and PR2 as well as between IN1 and IN2 (p > 0.05). Individual values 
of LnRMSSD, LnRMSSDmean, and LnRMSSDCV across the training phas-
es are displayed in ▶Table 2. LnRMSSDmean was higher in IN2 com-
pared to regeneration week and PR2 (p < 0.01 and p < 0.05, respec-
tively; d = 1.66 and d = 1.33, respectively). LnRMSSDCV did not differ 

among the training phases (p = 0.19, ▶Table 2). A significant main 
effect was observed for the perceived recovery values (p < 0.001), 
which were higher at IN1 and IN2 compared to PR2 (p = 0.01 and 
p < 0.001, d = 1.74 and d = 1.00, respectively), and similar perceived 
recovery values were found among the other training phases 
(p > 0.05, ▶Table 2).

▶Table 3 depicts individual and group correlations between the 
ITL recorded the preceding one to two days of training with the sub-
sequent LnRMSSDmean during the preseason and in-season period. 
Low but significant associations between ITL and LnRMSSDmean were 
found during the preseason (r = –0.26, p = 0.02), but a trivial relation-
ship was observed during the in-season period (r = 0.02, p = 0.88).

Discussion
The present study examined if LnRMSSDmean, LnRMSSDCV, and per-
ceived recovery status of elite water-polo players are associated 
with the fluctuations of the internal training load, assessed with the 
session-RPE method during a preseason and in-season training pe-
riod. The principal findings of the study are: i) LnRMSSDmean 
changed substantially across the training phases showing its high-
est values in the second mesocycle of in-season; conversely, the 
fluctuation of LnRMSSDCV showed no significant changes through-
out the training phases; ii) the perceived recovery status of the play-
ers did not change during preseason, although it increased during 
in-season training; and iii) a low relationship between ITL and Ln-
RMSSD was found in the preseason period, whereas a similar asso-
ciation was not apparent in the in-season period.

▶Table 1	 Characteristics of training applied in different phases of preseason and in-season periods.

Training 
volume (min)

Training sessions 
(number)

Triple 
session days

Double 
session days

One 
session day

Number of 
matches

Rest 
days

Total session 
RPE (mean ± SD)

Mean session 
RPE (mean ± SD)

RW 765 ± 0 10 2 1 2 0 2 3635 ± 251 *  519 ± 36 * 

PR1 2100 ± 0 25 4 6 1 0 3 12 203 ± 730# 872 ± 52#

PR2 1970 ± 4 24 4 5 2 4 1 11 536 ± 497† 824 ± 35†

IN1 1671 ± 8 20 3 3 5 3 2 9176 ± 648 573 ± 41

IN2 1778 ± 10 21 3 4 4 4 1 9497 ± 781 594 ± 49

RW, regeneration week; PR1, first mesocycle of pre-season training; PR2, second mesocycle of pre-season training; IN1, first mesocycle of in-season training; IN2, 
second mesocycle of in-season training;  *  significantly lower compared to the other training phases, p < 0.001; # significantly higher compared to the other 
training phases, p < 0.01, † significantly higher than RW, ΙΝ1, and IN2, p < 0.001; session-RPE, calculated internal training load.

▶Fig. 1	 Schematic presentation of the experimental protocol.

1 2 3 4 5

Weeks of training

Index

↑: HRV measurement

RW: regeneration week, PR: preseason 1 and 2 mesocycles, IN: in-season 1 and 2 mesocycles, HRV: heart rate variability

: match

PR2 IN1 IN2PR1RW

6 7 8 9
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A major and unexpected finding of the present study was that 
despite the abrupt increment of training load during preseason 
training, LnRMSSDmean, LnRMSSDCV, and perceived recovery re-
mained unaltered compared to the regeneration week values. It 
has been shown that a considerable increment of internal training 
load may lead to a blunted cardiac parasympathetic response 
[5, 19, 20]. For instance, Iellamo et al. [20] showed that endurance 
athletes who increased their training load up to 75–100 % of max-
imum presented an increased resting heart rate and low-frequen-
cy components of R-R interval and decreased high-frequency com-
ponents of R-R interval. Furthermore, Figueiredo et al. [5] reported 
that significant reductions in LnRMSSD may occur when training 
load increases more than 100 % compared to baseline training. In 
this regard, recent findings in water polo [19] reported that a large 
increase (442 %) in internal training load resulted in reduced heart 
rate recovery response after a standardized swim test. In the pre-
sent study, however, the training load applied in the preseason was 
higher by 60–70 % compared to the regeneration week. Further, 
our participants were elite-level players with long training and play-
ing experience. As such, we postulate that the present variations 
in training load can be considered relatively small to induce a mean-
ingful cardiac autonomic perturbation. It is also likely that a two-
week period of increased training load is not long enough to induce 
detectable physiological alterations despite a tendency for a de-
creased LnRMSSDmean during PR2. In light of this, the unchanged 
group values of LnRMSSDmean and LnRMSSDcv indicate that during 
the preseason training period elite water-polo players are able to 
tolerate up to ~12 000 au .week-1 without presenting significant 
cardiac autonomic perturbations.

Moreover, previous studies have shown that the training content 
may affect the participants’ sympathetic/parasympathetic balance 
[21, 22]. Considering the players’ training status as well as the train-
ing program, it appears that the overall training load applied in the 
preseason was not stressful enough to reduce players’ vagal activity. 
Nonetheless, the current findings should be interpreted with caution 
because group data may mask the inter-individual variability in HRV. 
Actually, we found that some of our players showed negative re-
sponses to preseason training demonstrating decrements in Ln-
RMSSDmean (▶Table 2). The reduced LnRMSSDmean along with the 
concominant increments in LnRMSSDcv and decrements in per-
ceived recovery scores, which were observed in some of the players 
in the preseason, have been previously interpreted as overreaching 
signs [10]. Hence, along with group data, it might be of importance 
to consider the individual responses to training as well [10].

Furthermore, we demonstrated that the reduction of training 
load by 30 % during in-season compared to preseason training was 
accompanied by a meaningful increase of LnRMSSDmean. Indeed, 
LnRMSSDmean increased in IN2 by 7 % and 5 % compared to the re-
generation week and PR2 respectively, indicating that the reduced 
training loads induced a shift towards parasympathetic predomi-
nance. In alignment with the present findings, recent studies in soc-
cer and water polo players observed that the reduction of training 
and match load coincided with increased LnRMSSD [4, 5]. It is note-
worthy that despite the large variation in individual responses ob-
served in the preseason, almost all players showed positive re-
sponses to training and competition in-season. Most probably, the 
significant increase of LnRMSSDmean together with the improve-▶
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ment of perceived recovery observed in-season suggests super-
compensation and an augmented readiness to play. The present 
findings are in alignment with previous observations in elite water 
polo players, where following an overload period of training a 
meaningful reduction of internal training load was accompanied 
by significant increments of LnRMSSDmean [4] along with improve-
ments in swimming performance and wellness scores [23]. Further-
more, the non-significant changes in LnRMSSDCV values during in-
season training reduced compared to preseason training probably 
imply that players coped well with the training load and adapted 
to the training stimuli [8]. Moreover, the lack of significant varia-
tion in LnRMSSDCV along with the improved perceived recovery 
during the in-season training likely suggest lower autonomic stress 
induced by training or facilitated recovery after training [24]. In this 
regard, previous findings from high-level water polo players indi-
cated that a similar training manipulation (reduction of training 
load up to 30 % compared to overload training) resulted in a signif-
icant increase in swimming performance and improved the well-
ness status of participants [23].

In accordance with previous reports [4, 8] showing unclear re-
lationships between internal training load and HRV, we showed that 
despite the meaningful relationship between ITL and LnRMSSDmean 
in the preseason, a weak association was apparent thereafter (i.e., 
in-season). This was probably due to the fact that the session-RPE 
method is likely adequate to quantify the total training load applied 
in the preseason, in which players usually do not participate in of-
ficial games. Conversely, the lack of association between the ses-
sion RPE and LnRMSSDmean might be related to the presence of non-
training stressors (i.e., travel and days off) but inherent to the con-
text of the competition schedule of an elite-level team.

Despite their importance, the present findings are limited by 
the relatively small sample size of elite players. Future studies with 
a larger group of elite players are required to investigate cardiac 
autonomic responses or adaptations elicited after different phases 
of training. Moreover, we acknowledge the absence of a swim test 
during the various training phases to connect cardiac responses 
with performance. However, in a real training scenario, the appli-
cation of pre-post tests is difficult to implement in-season owing 
to time constraints imposed by the congested calendar including 

training sessions and consecutive national and international match-
es. Nonetheless, an improvement in swimming performance could 
be expected as a result of such training manipulation [23]. Addi-
tionally, we should consider the absence of inflammatory, muscle 
damage as well as neuro-endocrine measures as limitations. As it 
has been also recommended [10] that such measures be included 
in future studies in order to determine the relationship between 
recovery status of the players with HRV variables.

Conclusion
The current study suggests that cardiac autonomic perturbations 
during preseason training do not occur when an increment of in-
ternal training load is lower than 60–70 %. Nonetheless, the reduc-
tion of training load by 30 % in-season was accompanied by signif-
icant increases in LnRMSSDmean together with improvements in per-
ceived recovery status. This implies that the training periodization 
presently applied was successful and probably led elite players in 
supercompensation associated with increased parasympathetic 
activity.
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