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Abstr act

This study explored the effect of long naps on handball-related 
performance and assessed the role of the cardiac autonomic 
nervous system in this process. Eleven male collegiate handball 
players performed a repeated sequential trial consisting of a 
20-m consecutive turnaround run, 10-m run with a load, and 
shooting the ball into a target. Participants were allocated ran-
domly and sequentially to have a short (20 minutes) nap, long 
(60 minutes) nap, or no nap. The Pittsburgh Sleep Quality Index 
was used to assess regular sleep quality. Subjective sleepiness 
before and after napping was measured using the Karolinska 
Sleepiness Scale. Heart rate variability was recorded to assess 
cardiac autonomic nervous function during napping. The Pitts-
burgh Sleep Quality Index score was correlated with shot ac-
curacy only after long naps (ρ = 0.636, r = 0.048). A negative 
correlation was observed between the root mean square of 
successive differences and average load run time (ρ = −0.929, 
p < 0.001). Long napping was associated with a significant ben-
efit on performance in athletes with poor sleep quality, imply-
ing a role of the autonomic nervous system in this regard. Our 
findings indicate the effect of sleep quality on the endurance 
and resistance of handball players.

Introduction
Handball is characterized by a combination of high-and low-inten-
sity activities, including sprints, jumps, and sudden changes of di-
rection which demand physical strength, a rapid pace, and differ-
ent types of exercising [1–3]. Fatigue has been shown to affect 

handball-related abilities such as maximal and rapid force develop-
ment in simulated match-play settings, leading to reduced perfor-
mance [4, 5], decreased velocity, and strength [6, 7].

A growing corpus of evidence demonstrates that sleep is an es-
sential component of athletic performance and recovery from fa-
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tigue, demonstrating a disrupted sleep impairs sports performance 
by altering both cognitive and executive domains [8, 9]. The im-
portance of sleep in handball has been gaining attention since this 
sport is associated with a significantly high risk of physical injuries 
[10, 11]. Napping is widely used as countermeasure to prevent 
sleepiness and poor performance due to sleep loss and circadian 
pressure. Regarding the physical performance of trained athletes, 
a myriad of studies supports the beneficial effects of naps on a wide 
array of sports performances [12, 13]. Most of these have exam-
ined the relationship between sports performance and short naps 
of less than 30 minutes, which is generally accepted as a proper nap 
duration [14]. In recent years, additional research has been con-
ducted to explore the effect of longer naps to compensate for 
chronic sleep loss, considering the apparent tendency of athletes 
to be sleep deprived. In this regard, it has been demonstrated that 
a 90-min-long nap has a beneficial effect on repeated sprint exer-
cises and systemic biochemical responses compared to a 20-min-
long nap [15, 16]. Although these studies suggest the importance 
of longer naps in trained athletes, whether prolonged napping is 
associated with enhanced recovery and performance in athletes is 
still unclear.

In addition to sleep, autonomic nervous system (ANS) regula-
tion is also involved in recovering from sustained fatigue. HRV 
measurements in the applied sports setting are useful to assess 
global changes in the ANS and determine the physiological adap-
tation to training in athletes [17, 18]. Sleep and ANS activity are 
considered to influence each other. Changes in the ANS affect the 
structure and quality of sleep [19], while parasympathetic activity 
is likely to be modulated by sleep, even by daytime napping [20], 
supporting the idea that naps may be beneficial for an effective re-
covery, apart from compensating for chronic sleep loss [21]. Al-
though it seems likely that nap length influences ANS activity, the 
exact relationship between these variables in athletes remains un-
clear.

Given the paucity of studies investigating the effects of nap 
length on ANS activity and sports performance and recovery in ath-
letes, we conducted a study to (1) compare the sports performance 
after short (20 min) and long (60 min) naps, (2) assess the changes 
in ANS by measuring the HRV during a daytime nap, and (3) explore 
the relationship between HRV and napping duration and their im-
pact on sports performance. We hypothesized that a long nap is 
beneficial for handball-related performance compared with no nap 
or a short nap, involving the increased activity of the parasympa-
thetic nervous system during sleep.

Materials and Methods

Participants
Participants were recruited from the male handball team of Wase-
da University Club, which belongs to the first division of the Japan 
University Handball League. Exclusion criteria were: (1) less than 
one year of handball career, (2) prior diagnosis of a pathological 
sleep disorder, (3) use of any medication. Eventually, 11 of 40 team 
members, (age: 20.7 ± 1.2 years, height: 174.9 ± 4.9 cm, body mass 
index: 24.3 ± 1.1) consented to participate in this study. Partici-
pants were requested to keep a normal sleep-wake rhythm during 

the three days before the experiment. Additionally, they were asked 
to refrain from consuming caffeine on the day of the experiment.

The Academic Research Ethical Review Committee of Waseda 
University approved all activities (IRB #2020–270) and participants 
provided informed consent before any procedure took place, which 
was conducted in accordance with the 1964 Declaration of Helsin-
ki. Additionally, we confirmed that the current study meets the eth-
ical standards of the journal [22].

Experimental design
The experiment protocol applied a crossover repeated-measures 
design consisting of three test sessions. After a familiarization ses-
sion, participants were randomly assigned three nap opportunity 
conditions: no nap (0 min), a short nap (20 min), and a long nap 
(60 min) in random order with at least a 1-week interval between 
each. Participants were asked not to engage in strenuous exercise 
before the experiment. At 12:45 pm, participants entered a quiet, 
air-conditioned, dark room near the gymnasium where the tem-
perature was set at approximately 25.0 ℃. Participants sat deeply 
in a soft beanbag chair (Yogibo MAX, Webshark Inc., Osaka, Japan) 
and were requested to take a nap after the lights were turned off 
at 13:00. Then, they were woken up by an examiner (KY) at 13:20 
in the case of short naps and at 14:00 in the case of long naps. In-
dividuals undergoing the no-nap condition stayed at the gymna-
sium and were asked to strictly avoid active movements and oral 
intake. Considering the decreased vigilance after wakeup (concep-
tualized as ‘sleep inertia’), handball performance trials were con-
ducted at 16:30, the usual training time.

Sleep assessments
Subjective sleep evaluation was performed by standardized ques-
tionnaire. Objective sleep evaluations for nocturnal sleep on the 
day before the experiment and for napping on the day of the ex-
periment were conducted using two different devices. The regular 
sleep quality was assessed using the Pittsburgh Sleep Quality Index 
(PSQI), which is a practical self-reported questionnaire measure of 
sleep and incorporates qualitative and quantitative aspects of sleep 
[23] The Morningness-Eveningness Questionnaire (MEQ) was eval-
uated to measure chronotype that is defined as the time of day pre-
ferred by individuals to perform daily activities, indicating higher 
scores of MEQ as morningness [24]. The level of sleepiness was 
rated using the Karolinska Sleepiness Scale (KSS), which is used as 
a momentary assessment of a state of sleepiness, before and after 
naps. When no naps were taken, the KSS was assessed at a similar 
time as if these were taken. A visual analog scale (VAS) was used 
for the subjective evaluation of sleep quality (0: poor; 10: excel-
lent).

To evaluate sleep the night before the experiment, a wearable 
device (Fitbit Charge3, Fitbit Inc., San Francisco, CA, USA) was at-
tached to the participants. Fitbit models differentiated sleep from 
wakefulness using the similar technology to actigraphy known as 
an accelerometer. Although scoring sleep stage of Fitbit software 
has not been guaranteed to be as accurate as polysomnography, 
the performance in differentiating wake from sleep epochs is bet-
ter than that reported for actigraphy [25]. Sleep evaluation during 
napping was performed using a different device described later.
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Experimental handball performance
The experimental performance was devised in line with the practi-
cal play of handball referring to previous review [26]; it comprised 
three different tasks: 1) a 20-m turnaround run, 2) a 10-m run car-
rying a load, and 3) shooting the ball three times into a target 
(▶Fig. 1.). Participants were instructed to repeat the series of tasks 
four times uninterruptedly. All tasks were performed in the univer-
sity gymnasium and were supervised carefully by an examiner (KY). 
Participants did not perform warm-up for preparatory exercises.

Three cones were placed 10 meters apart in a straight line to 
cover a total distance of 20 meters. Participants were instructed to 
perform three and a half turnaround runs at full speed. During the 
last 10 meters, the participant carried a person of similar weight, 
varying in the  ± 3 kg range of their own weight on his back. Finally, 
at the level of the second cone and while still moving, participants 
made three shots with the handball into a 45 cm-sized square tar-
get.

We recorded the times of each turnaround run and the last 10-
meter load run. For evaluating shooting accuracy, the experiment-
er visually checked whether it was successful or not. We used the 
average of these data for the subsequent analysis involving nap 
conditions.

Sleep (nap) and ANS function evaluation
For assessing sleep propensities and heart rate during napping, Ac-
tiheart 5 monitors (Cambridge Neurotechnology, Cambridge, UK) 
were used to obtain continuous electrocardiogram and motility re-
cordings, as well as sleep parameters. Data recorded for heart rate 
and sleep were retrieved for analysis. The Actiheart 5 is a light-
weight (10.5 g) wearable device for which high intra-and inter-in-
strument reliability and accuracy have been reported [27].

For HRV analysis, interbeat interval data was processed using 
the Actiheart software (version 5.0.5) using 5-min epochs for both 
the time and frequency domains (using fast Fourier transform). Ar-
tifacts interpreted as invalid data were excluded from analysis ac-

cording to the discrimination set by the Actiheart software. Heart 
rate variability was indexed in analyses using the root mean square 
of successive differences (RMSSD) and according to high frequen-
cy (HF; 0.15–0.4 Hz) and low frequency (LF; 0.04–0.15 Hz) as well 
as the LF/HF ratio. The 5-min epochs obtained during naps were 
averaged to generate an aggregate value. In addition, sleep analy-
sis was conducted based upon activity obtained from motion data 
during naps retrieved by the monitor and provided by the software 
to yield sleep variables.

Statistical analysis
Demographic results are expressed as mean ± standard deviation 
(M ± SD) and variables of performance and HRV as mean ± the 
standard error of the mean (M ± SEM). To compare variables with 
nap propensities between shorter and longer nap conditions, we 
used a Wilcoxon signed-rank test. Napping conditions (including 
the no-nap condition) were compared by using Friedman’s non-
parametric analysis of variance. To assess differences of perfor-
mance across sequential trials between napping conditions, linear 
mixed effect (LME) models were applied, as these enable effective 
use of all information, even that from participants with missing 
data, increasing the overall statistical power. LME allows the influ-
ence of factors for which data are extracted randomly from a pop-
ulation, providing more reliable results [28]. To examine handball-
related performance according to different napping opportunities, 
a model was built using “participant” as a random effect and “con-
dition” (no nap, short nap, and long nap) as a fixed effect. Bonfer-
roni correction for multiple comparisons was used during post-hoc 
analysis if the association was deemed significant.

Spearman's rank-order correlations were calculated to examine 
the association between task performance, PSQI, and the indices 
obtained by HRV analysis. All calculations were performed using 
(SPSS Advanced Statistics version 26, IBM Corp., Armonk, NY, USA).
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▶Fig. 1	 Diagram of the experimental handball performance. First, three 20-m turnaround sprints were performed. Then, a 10-meter run was 
performed while carrying a person of similar weight on the back. Finally, three handball shots were attempted into a 45 cm square goal target.
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Results

Sleep parameters
Sleep parameters of naps and of the preceding night are shown in 
▶Table 1. Data from a nap condition of one participant was exclud-
ed due to difficulty napping. Sleep variables of the preceding night 
of the experiment exhibited no statistical difference among the 
three napping conditions. Apart from an expected difference in nap 
duration, none of the sleep parameters showed a significant differ-
ence between the short and long napping conditions. The KSS 
scores were similar between the three napping conditions.

Physical performance associated with nap conditions
The aspects comprising handball-related performance were explored 
according to different napping conditions (▶Table 2). Nap condi-
tions and trials showed no significant interaction effects for the 20-m 
turnaround run (F (2,23) = 1.192, p = 0.322), 10-m load run (F (2,23) = 
0.094, p = 0.911), and shooting accuracy (F (2,23) = 2.348, p = 0.118). 
Similarly, no significant condition effect was observed for the 20-m 
turnaround run (F (2,23) = 1.418, p = 0.263), 10-m load run (F (2,23) = 
0.211, p = 0.811), and shooting accuracy (F (2,23) = 2.148, p = 0.140) 
(▶Supplementary Table 1).

Association between sleep parameters and physical 
performance
▶Table 3 and ▶Fig. 2 demonstrate the correlation between sleep 
parameters and physical performance. Regarding the association 
between PSQI score and handball-related performance according 
to each napping condition, the average shooting accuracy was cor-
related with PSQI score in the longer nap condition (ρ = 0.658, 
p = 0.039), whereas this correlation did not occur in the short nap 
condition (ρ = −0.493, p = 0.117). No other significant correlations 
were found between the PSQI score and the remaining perfor-
mance factors in either the short or long nap conditions. MEQ 
scores showed no significant correlation with performance varia-
bles in each napping condition.

HRV analysis and physical performance
There was no statistical difference regarding HRV parameters be-
tween the short and long nap conditions (▶Table 4). Regarding 
correlation analysis between HRV variables and physical perfor-
mance, RMSSD showed a negative correlation with the average 
10-m load run time in the long nap condition (ρ = –0.929, p < 0.001) 
(▶Fig. 3). In contrast, no significant correlation between HRV in-
dices and physical performances was found in the short nap condi-
tion.

▶Table 1	 Sleep-related variables.

Variable measured No nap Short nap Long nap Z-value p-value

Experimental nap

Total time on sofa (min) 31.0 (1.9) 64.0 (4.8) –2.530 0.011

Total sleep time (min) 28.0 (5.7) 57.9 (7.5) –2.521 0.012

Sleep onset latency (min) 3.4 (4.4) 6.1 (4.8) –0.986 0.324

Sleep efficiency ( %) 93.9 (4.3) 96.2 (1.7) –1.260 0.208

KSS score before nap 5.22 (1.39) 4.56 (2.30) –0.923 0.356

KSS score after nap 5.33 (1.80) 4.89 (2.37) 4.80 (2.30) 0.292

Subjective sleep quality (VAS) 6.67 (1.22) 6.89 (1.36) –0.357 0.726

Night prior to the experiment 

Total sleep time (h) 7.60 (0.67) 7.00 (0.79) 7.33 (1.15) 0.309

Latency to sleep onset (m) 5.89 (2.09) 6.44 (2.35) 7.00 (0.79) 0.549

Sleep efficiency ( %) 90.4 (4.2) 91.1 (4.9) 92.2 (2.6) 0.439

KSS, Karolinska Sleepiness Scale; VAS, Visual Analogue Scale for sleep (0: poor – 10: excellent) Values are shown as mean (standard deviation). Nap 
variables except for the post-nap KSS score were analyzed using the Wilcoxon single rank test. The post-nap KSS score and night sleep variables were 
analyzed using the Friedman test. The KSS score in the no-nap condition was assessed at a similar time as if naps were taken.

▶Table 2	 Handball-related performance outcomes.

Variable measured No nap Short nap Long nap
20-m turnaround run (s)

1st trial 12.36 (0.07) 12.08 (0.27) 12.23 (0.31)

2nd trial 12.54 (0.24) 12.51 (0.29) 12.58 (0.29)

3rd trial 12.58 (0.14) 12.50 (0.21) 12.64 (0.17)

4th trial 12.35 (0.20) 12.30 (0.27) 12.64 (0.24)

Average 12.46 (0.18) 12.35 (0.24) 12.52 (0.24)

10-m load run (s)

1st trial 5.36 (0.22) 5.67 (0.22) 5.35 (0.18)

2nd trial 5.55 (0.18) 5.48 (0.24) 5.45 (0.18)

3rd trial 5.48 (0.17) 5.51 (0.20) 5.35 (0.18)

4th trial 5.48 (0.15) 5.41 (0.22) 5.20 (0.10)

Average 5.46 (0.16) 5.52 (0.19) 5.34 (0.13)

Accuracy of shooting ( %)

1st trial 56.7 (11.2) 74.1 (7.0) 50.0 (7.5)

2nd trial 60.0 (13.0) 66.7 (9.1) 66.7 (8.6)

3rd trial 66.7 (11.1) 59.3 (11.4) 73.4 (8.3)

4th trial 76.7 (7.1) 66.7 (9.1) 76.7 (8.7)

Average 65.0 (5.2) 66.7 (5.4) 66.7 (5.0)

Values are shown as mean (standard error of the mean).
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Discussion
The main findings of the current study were as follows: (1) no sig-
nificant effect was found between napping conditions and trials in 
handball-related tasks, and (2) longer naps were likely more ben-
eficial for 10-m turnaround runs than shorter naps and improved 

ball shooting accuracy in individuals with high PSQI scores. Further-
more, (3) the novelty of this study was that RMSSD, which reflects 
parasympathetic function, correlated negatively with the 10-m 
load run time only in the long nap condition.

Several studies have demonstrated the beneficial effect of long 
naps on physical performance, even in individuals without sleep 
deprivation. For instance, Boukhris et al. demonstrated that a 90-
min nap opportunity resulted in enhanced attention, improved 
maximal voluntary isometric contraction, and longer distance of 
shuttle sprints compared with 40-min and no-nap opportunities 
[29]. In contrast, our study did not observe these correlations. Con-
versely, Suppiah et al. reported no beneficial effects of daytime 
short nap on sprint and shooting performance among Asian youth 
elite performance athletes [30]. The authors attributed inconsist-
ency to chronically sleep-deprived young collegiate athletes who 
cannot compensate for a habitual lack of sleep with a one-day nap-
ping intervention. Another study demonstrated that Japanese stu-
dent athletes tend to be sleep-deprived, and lifestyle habits, men-
tal health, and competition activities are closely related to sleep 
deterioration [31]. Accordingly, sleep is greatly affected by the so-
cial environment, such as dwelling or commute, as reported in a 
previous study with similar populations [32]. Moreover, studies 
have estimated that the detrimental effects of chronic sleep dep-

▶Table 3	 Correlations between the PSQI and MEQ scores and perfor-
mance outcomes in short and long nap conditions

Short nap Long nap
PSQI MEQ PSQI MEQ

KSS (pre-nap) –0.064 –0.496 0.079 –0.009

KSS (post-nap) –0.247 –0.513 0.511 –0.455

VAS –0.082 0.492 0.397 0.506

20-m turnaround run 
(averaged)

–0.345 0.050 –0.064 –0.059

10-m load run 
(averaged)

0.400 –0.180 0.295 –0.371

Accuracy (averaged) –0.493 –0.485 0.658 *  0.161

PSQI, Pittsburgh Sleep Quality Index; MEQ, morningness-eveningness 
questionnaire; KSS, Karolinska Sleepiness Scale; VAS, Visual Analogue 
Scale. The coefficient and significance values were obtained using the 
Spearman rank-order test.  *  p = 0.039
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▶Fig. 2	 Correlation between the PSQI score and athletic performance in the short and long nap conditions. The y-axis displays the PSQI score and 
the x-axis displays the performance outcomes. Higher PSQI scores indicate poorer sleep quality. PSQI, Pittsburgh Sleep Quality Index.
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rivation [33, 34]. Thus, a single nap, regardless of duration, may 
not result in a significant change in performance.

Our results showed that long naps were associated with an im-
proved ball shooting performance in participants with high PSQI 
scores. This implies that athletes with an inadequate sleep quality 
can benefit from long naps. It is generally agreed that sleep loss de-
teriorates a wide range of sports performances [35]. Increasing ev-
idence suggests that an extended sleep, with the purpose of reduc-
ing or eliminating chronic sleep deprivation, improves performance 
in various sports including basketball, tennis, and enduring cycling 
[34, 36, 37]. Additionally, polysomnographic investigations reveal 
that daytime napping is also effective for supplementing nighttime 

sleep and maintaining sleep structure, representing an effective 
strategy to counteract sleep loss in athletes [21]. Therefore, long 
naps may be particularly beneficial in sleep-deprived athletes.

HRV analysis revealed that the perceived recovery from fatigue 
and 10-m load run (high-load task) performance were associated 
with ANS alterations, as assessed by the RMSSD. The RMSSD is an 
accepted marker of parasympathetic activity that represents a 
practical measure of HRV, as higher RMSSD indicates enhanced car-
diac-parasympathetic activity [38]. This result is consistent with 
those of previous research demonstrating that significant incre-
ments in the training load result in decrements in parasympathet-
ic-mediated HRV in a variety of athletes [39–42]. Regarding ANS 

▶Table 4	 Heart rate variability indices during naps.

Short nap Long nap Z-value p-value

Heart rate (bpm) 63.3 (3.4) 65.9 (1.4) –0.980 0.327

RMSSD (msec) 70.6 (47.9) 73.4 (7.0) –1.120 0.263

HF 1009.1 (314.9) 1073.4 (233.1) –0.000 1.000

LF 1914.1 (340.9) 1978.0 (333.6) –0.560 0.575

LF/HF index 2.54 (0.62) 2.41 (0.77) –0.560 0.575

RMSSD, root mean square of successive differences; HF, high frequency; LF, low frequency. Values are shown as mean (standard error of the mean). 
Significance was assessed using the Wilcoxon signed rank test.
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▶Fig. 3	 Correlation between RMSSD and performance outcomes in short and long napping conditions. The y-axis displays the RMSSD value, and 
the x-axis displays the average performance outcome values. RMSSD, root mean square of successive differences.
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activity during sleep, Chen et al. [43] have shown that HRV during 
NREM (non-rapid eye movement) sleep is driven mainly by para-
sympathetic activity. As longer naps are likely to include REM (rapid 
eye movement) sleep as well, there may be some disadvantages to 
extending naps concerning ANS regulation.

Limitations of the present study include the small number of 
participants and the fact that these were exclusively men. In this 
regard, previous studies evaluating actigraphy recordings have 
demonstrated that female collegiate athletes present better sleep 
quality than their male counterparts [14, 44]. Therefore, our results 
cannot be extrapolated to women. Another limitation lay in the dif-
ficulty of setting a handball-related task. For instance, ball shoot-
ing was employed several times, but did not elucidate the demand 
for considerable concentration during competition. There was also 
the issue of habituation. Finally, even with averaged trials, the per-
formance metrics are likely to depend substantially on day-to-day 
variability, a fact that significantly limits the generalizability of 
these outcomes. Further research is warranted to investigate the 
role of napping on psychological and physical performance, as well 
as on ameliorating the mental health of athletes since sleep distur-
bance and autonomic nervous system function are closely associ-
ated with mental disorders.
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