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Abstract
Objective  In a convenience sample of athletes, we conducted a survey of COVID-19-mediated lockdown (termed ‘lockdown’ 
from this point forward) effects on: (i) circadian rhythms; (ii) sleep; (iii) eating; and (iv) training behaviors.
Methods  In total, 3911 athletes [mean age: 25.1 (range 18–61) years, 1764 female (45%), 2427 team-sport (63%) and 1442 
elite (37%) athletes] from 49 countries completed a multilingual cross-sectional survey including the Pittsburgh Sleep Qual-
ity Index and Insomnia Severity Index questionnaires, alongside bespoke questions about napping, training, and nutrition 
behaviors.
Results  Pittsburgh Sleep Quality Index (4.3 ± 2.4 to 5.8 ± 3.1) and Insomnia Severity Index (4.8 ± 4.7 to 7.2 ± 6.4) scores 
increased from pre- to during lockdown (p < 0.001). Pittsburgh Sleep Quality Index was predominantly influenced by sleep-
onset latency (p < 0.001; + 29.8%), sleep efficiency (p < 0.001; − 21.1%), and total sleep time (p < 0.001; − 20.1%), whilst 
Insomnia Severity Index was affected by sleep-onset latency (p < 0.001; + 21.4%), bedtime (p < 0.001; + 9.4%), and eating 
after midnight (p < 0.001; + 9.1%). During lockdown, athletes reported fewer training sessions per week (− 29.1%; d = 0.99). 
Athletes went to bed (+ 75 min; 5.4%; d = 1.14) and woke up (+ 150 min; 34.5%; d = 1.71) later during lockdown with an 
increased total sleep time (+ 48 min; 10.6%; d = 0.83). Lockdown-mediated circadian disruption had more deleterious effects 
on the sleep quality of individual-sport athletes compared with team-sport athletes (p < 0.001; d = 0.41), elite compared with 
non-elite athletes (p = 0.028; d = 0.44) and older compared with younger (p = 0.008; d = 0.46) athletes.
Conclusions  These lockdown-induced behavioral changes reduced sleep quality and increased insomnia in athletes. Data-
driven and evidence-based recommendations to counter these include, but are not limited to: (i) early outdoor training; (ii) 
regular meal scheduling (whilst avoiding meals prior to bedtime and caffeine in the evening) with appropriate composition; 
(iii) regular bedtimes and wake-up times; and (iv) avoidance of long and/or late naps.
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Key Points 

Several modifiable behavioral changes were evident 
within the sleep–COVID-19–lockdown nexus.

Low sleep quality and high insomnia during lockdown 
were most associated with late bedtimes and long sleep-
onset latency.

Elite, individual-sports, and older athletes were more 
vulnerable to these lockdown-induced disruptions com-
pared with non-elite, team sports, and younger athletes, 
respectively.

Female athletes reported lower sleep quality and higher 
insomnia compared with male athletes irrespective of the 
lockdown.

Athletes sleep and circadian rhythms were more affected 
by lockdown compared with those seen in the general 
population.

1  Introduction

The severe acute respiratory syndrome coronavirus 2-medi-
ated coronavirus disease 2019 (COVID-19) pandemic 
enforced global change upon day-to-day life [1]. Most 
nations responded with one or more periods of localised 
or country-wide lockdowns, resulting in increased anxiety 
and depression [1, 2], sedentary lifestyle, and ‘screen time’ 
[3]. Holistically, lockdown-mediated home confinement 
resulted in lower social participation and life satisfaction, 
increased psychological strain, social and physical inactivity, 
an unhealthy diet, and poor sleep hygiene [3–7], particularly 
among female and younger individuals [8].

Human sleep is regulated by circadian [e.g. zeitgebers 
(outdoor light, physical activity, meal timing [9])] and 
homeostatic (e.g. sleep pressure) processes/components, 
conspiring to produce a consolidated period of nocturnal 
sleep [9, 10]. The homeostatic component increases expo-
nentially with the duration and intensity of activity during 
wakefulness [10]. Exercise can modify subsequent sleep, 
by increasing sleep pressure [11] and efficiency [12] whilst 
reducing sleep-onset latency [12]. Regular exercise train-
ing, especially outdoors, acts on homeostatic sleep regula-
tion (increasing sleep pressure) and on the circadian com-
ponent (synchronizing biological rhythms), particularly in 
athletic populations [13, 14]. As such, sleep disruption has 
the potential to impair athletic performance [15, 16], whilst 
the intensity and timing of training could also modify sleep 

architecture [11, 12, 14, 17, 18]. Compounding this con-
cern, athletes are purported to require greater sleep (than 
non-athletes) to promote adequate/optimal physical, physi-
ological, and psychological recovery/regeneration [19, 20]. 
Despite this and as reviewed extensively [19–22], it is com-
mon for athletes to: (i) sleep less than recommended values 
(i.e. 7–9 h for healthy adults [23]); (ii) self-report low per-
ceived sleep quality; and (iii) demonstrate a high prevalence 
of insomnia-like symptoms (e.g., non-restorative sleep, dif-
ficulties in initiating and maintaining sleep [19, 22]).

In athletes, in part because of lockdowns, reduced sleep 
quality and frequency of training exposures were associated 
with reduced mental health [6, 7]. Sleep is critical to athletes 
for recovery and is well reported as their first and preferred 
recuperation strategy [24]. Indeed, athletes usually increase 
their sleep duration on ‘off-days’ (i.e., when they do not 
have to train or compete [24]), likely a reflection that many 
are chronically sleep deprived [20, 21]. Athletes increased 
the time spent in bed during lockdown [6], whilst going to 
bed and waking later compared with pre-lockdown [6, 7], 
indicative of a chronobiological and circadian disruption [6]. 
This desynchrony can alter the temporality and composition 
of dietary intake alongside undesirable changes in metabo-
lism and immunity [25]; the latter of particular concern dur-
ing a pandemic [26]. These lockdown-induced behavioural 
changes have been shown to be detrimental to athletes’ men-
tal health (e.g., depression) and physical capacities (e.g., 
deconditioning), likely disrupting their return to training and 
competition post-COVID-19 [6, 7].

In light of previous findings in the general population [8] 
and in athletes [6, 7], and given the importance of sleep for 
the performance and health of athletes, the lockdown could 
plausibly have more pronounced effects on the sleep of ath-
letic populations compared with non-athletic populations. 
Thus, it appears prudent to survey and understand the effects 
of lockdown on sleep within athletic populations. Therefore, 
the present study aimed to survey COVID-19-mediated 
behavioral changes (comparing pre-lockdown to within 
lockdown) in: (i) circadian rhythms; (ii) sleep patterns; (iii) 
eating behaviors; and (iv) training habits in athletes who had 
experienced a period of lockdown. A secondary aim was to 
determine specific modifiable factors related to any apparent 
increased insomnia and lowered sleep quality during lock-
down, in order to develop data-driven and evidence-based 
recommendations for future lockdown-like situations. It was 
hypothesized that: (1) the lockdown will negatively influ-
ence the measured sleep parameters within athletes and to 
a greater magnitude than that seen in non-athletes; (2) the 
change in sleep, training, and eating behaviors will affect 
sleep quality and insomnia in athletes; and (3) such undesired 
effects will be more pronounced in: elite vs non-elite athletes; 
younger vs older athletes; and female vs male athletes.
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2 � Procedure

Informed consent was provided by participants under ethical 
approval from Farhat HACHED Hospital, Sousse, Tunisia 
(IRB# FH020720) in the spirit of the Declaration of Hel-
sinki. Data were processed anonymously and according 
to the guidelines of the “General Data Protection Regula-
tion” (gdpr-info.eu). A priori sample size estimation was 
3710 (see Electronic Supplementary Material [ESM] for 
full details) according to Whitley and Ball [27], as per the 
literature evidence [7]. The assumption of 12% for dupli-
cate participants, entry errors, and eligibility of inclusion/
exclusion criteria gave a revised sample of 4218 participants 
[4218 = 3710/(1.0–0.12)].

A cross-sectional, global, and web-based questionnaire 
was used, developed by 32 multidisciplinary scientists and 
academics (research team) from 39 research centers. It sur-
veyed: (i) circadian rhythms; (ii) sleep patterns; (iii) eating 
behaviors; and (iv) training habits in athletes who had expe-
rienced a period of lockdown. At survey launch (and when 
participants completed their responses) and reflective of the 
global pandemic landscape, countries had begun or began 
(within an ‘open’ survey window) their ‘first’ lockdowns, 
whilst some had had their lockdown tempered or lifted. Con-
sequently, the month preceding each respondent’s lockdown 
‘start’ was utilized as their individual baseline. Thus, the 
present comparisons are made by asking participants to com-
pare the ‘month preceding lockdown’ (i.e., baseline/normal-
ity; relying on their recall of activities during this time) to 
‘during lockdown’ (in some participants, this relied on recall 
as their lockdown had been tempered or lifted). The original 
English survey was translated into nine languages (Arabic, 
French, Italian, Japanese, Malay, Persian, Portuguese, Span-
ish, and Turkish). The survey questions underwent transla-
tion and back-translation, performed by the research team 
(including at least one native speaker and one topic expert). 
Thereafter, 1% of the participants (42 athletes) responded to 
the questionnaire twice (1 week apart), assessing reliability. 
The survey was launched online through social media (e.g., 
Facebook, Twitter, WhatsApp, and e-mail), opening 8 July 
and closing 30 September, 2020 (all survey responses were 
received within this window with 37% of the participants 
still in lockdown when providing survey responses), after 
reaching the required sample size.

2.1 � Participants and Reliability

Eligibility criteria for participants were: (i) ≥ 18 years of age; 
(ii) classified as an athlete (competing at any given level; indi-
vidual or team sport); and (iii) had experienced a period of 
lockdown for at least 2 weeks. For the purposes of who met 
the criteria of being an ‘athlete’, the survey preamble explicitly 

stated “competing at any given level”. For analysis purposes, 
subgroups were created: sex (male vs female); competitive 
level (elite vs non-elite); sport discipline (individual vs team 
sport); and age groups [18–24 (younger) and ≥ 25 (older) years 
[28]]. The adopted age subgroups reflect the World Health 
Organization classifications of ‘Adolescents (10–19 years),’ 
‘Youth (15–24 years),’ and ‘Young People (10–24 years)’ [28]. 
As our ‘younger’ subgroup captures only 2 years of late ado-
lescence it was more appropriate, and satisfied statistical power 
requirements, to use the World Health Organization classifi-
cation to guide the maximum age (24 years) of our ‘younger’ 
group, whilst the minimum age was 18 years to satisfy ethical 
approval requirements. See the ESM (part I; question 6) for 
descriptive criteria regarding how participant ‘competitive 
level’ was determined. Specifically, participants classed as 
‘elite’ and ‘professional’ from the survey were collapsed into 
the elite subgroup, within the non-elite subgroup all remaining 
competitive level categories were collapsed.

2.2 � Survey

The survey had six sections and the full English version 
can be found within the ESM. Section 1: Explanation of 
the study; invited volunteers to confirm eligibility; provided 
consent to participate; and encouraged respondents to 
respond as accurately as possible. Section 2: Demographic 
and lockdown questions (e.g., sex, age, country of residence, 
the lockdown duration, the sport discipline, and the level 
of competition). Section 3: Training questions: Athletes 
were asked about their preferred time of day (TOD) to train 
and the number of training sessions per week. Section 4: 
PSQI: The PSQI was used to assess subjective sleep qual-
ity. The global PSQI score ranges from 0 to 21 with lower 
scores indicating better sleep quality. A PSQI score of ≥ 5 
indicates a poor sleep quality and a score of ≥ 8 indicates 
highly disturbed sleep [29]. Self-reported bedtimes and 
wake-up times, total sleep time, time in bed, sleep efficiency, 
and sleep-onset latency were also derived from the PSQI 
(explained in Table 1). ISI: The ISI consists of seven items 
rating insomnia (0–4 Likert scale), with the summed total 
(between 0 and 28) indicating moderate (15–21) or severe 
(22–28) clinical insomnia [30]. Section 5: Napping ques-
tions: Athletes were asked about their napping behavior 
(e.g., nap timing, duration, and frequency). Section 6: Nutri-
tion-related and health-related questions: Nutrition-related 
questions included self-reported body mass (kg), number of 
daily meals eaten, and the likelihood to eat after midnight 
(very likely 2; likely 1; unlikely—1; and very unlikely—2) 
pre- and during lockdown. Furthermore, athletes were 
asked how many caffeinated and alcoholic beverages they 
consumed and how many cigarettes they smoked per day 
pre- and during lockdown.
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2.3 � Statistical Analyses

Statistical analysis was performed using SPSS (SPSS Statis-
tics for Windows, Version 26; IBM Corporation, Armonk, 
NY, USA) and figures were created using GraphPad Prism 
8 (GraphPad Software, San Diego, CA, USA). The effect 
of lockdown (pre vs during) was assessed using a paired 
sample t-test. Lockdown’s effects on (i) circadian rhythms, 
(ii) sleep, (iii) eating; and (iv) training behaviors between 
sub-groups of sex (male vs female), competitive level (non-
elite vs elite), sport discipline (team vs individual), and 
age (younger vs older) were analyzed using a multivariate, 
repeated-measures analysis of variance (ANOVA). Signifi-
cant effects underwent a Bonferroni post-hoc test with the 
Cohen’s effect size (d) subsequently calculated, qualitatively 
interpreted as small (d < 0.5), moderate (0.5 ≤ d < 0.8), and 
large (d ≥ 0.8) [31].

Multiple linear regression analyses described the rela-
tionships between dependent (PSQI and ISI scores) and 
independent (sleep, training, health, and nutrition-related) 
variables. The multiple regression model was based on delta 
variation (Δ%; % change in each variable pre- to during 
lockdown) according to the formula [100 × (during lock-
down − pre-lockdown)/pre-lockdown]. All the independ-
ent variables were entered into the model using a stepwise 
method. We report the R square (R2; the proportion of vari-
ance in the dependent variable explained by independent 
variables) for the entire model as well as the semi-partial 
correlation coefficient squared (sr2) to indicate the unique 
contribution (in percentage) of each independent variable 
within the model. The multiple regression model was com-
pleted by further statistical mediation to quantify the indirect 
effect of independent variables on the dependent variables 
(i.e., PSQI and ISI) according to Hayes’ guidelines [32]. The 
magnitude of the mediation effect is expressed as a percent-
age according to the formula (indirect effect/total effect × 
100). All values within the text and tables are reported as 
mean ± standard deviation, and as 95% confidence intervals 
in the figures. Alpha was set at p < 0.05. 

Comparison between athletes (present study) and general 
population [5] data were made by entering pre- and dur-
ing lockdown replicate data (mean, standard deviation, and 

number of participants) into two-way ANOVA (pre-/during 
lockdown * athletes/general population), followed by Bon-
ferroni Post-hoc test, using GraphPad software.

3 � Results

3.1 � Participants’ Characteristics

A total of 4218 survey responses were received. After 
removing duplicates, incomplete data, and invalid responses, 
3911 valid responses were used for analysis (mean age: 
25.06 ± 8.9; range 18–61 years) from 49 countries, conti-
nentally located as: Asia (57%; n = 2237); North and South 
America (18%; n = 720); Europe (14% n = 534); Africa (11% 
n = 414); and Australasia (0.1% n = 6). The sample repre-
sents 56 sport disciplines; team (63%) and individual (37%) 
sport athletes, competing at elite (37%) and non-elite (63%) 
levels; with 54% (n = 2106) male and 45% (n = 1764) female 
[1% (n = 41) preferring not to declare their sex, subsequently 
removed to facilitate binary sex analysis] distributed as per 
the following regarding age: younger (67%; n = 2595) and 
older (33%; n = 1275).

3.2 � Univariate Analysis

Overall PSQI and ISI scores were higher during (PSQI: 
5.84 ± 3.16; ISI: 7.19 ± 6.41) compared with pre- (PSQI: 
4.32 ± 2.48; ISI: 4.85 ± 4.72) lockdown (all p < 0.001). 
Pre-lockdown, 39% (n = 1525) of athletes were classified 
as poor sleepers increasing to 49% (n = 1917) during lock-
down (p < 0.001). Additionally, 10% (n = 391) of athletes 
reported highly disrupted sleep pre-lockdown, increasing to 
22% (n = 860) during lockdown (p < 0.001). Pre-lockdown, 
5% of athletes reported moderate (4%, n = 156) or severe 
(~ 1%, n = 23) clinical insomnia, increasing to 15% divided 
into moderate (12%, n = 469) and severe (3%, n = 117) clini-
cal insomnia during lockdown (all p < 0.001). Table 2 sum-
marizes the statistical changes of the primary univariate 
analyses (sleep, training, nutrition, and health habits) from 
pre- and during lockdown.

Table 1   Definition of different 
sleep metrics measured in the 
current study

Parameters Definition

Bedtime The time when the athlete goes to bed
Sleep Onset Latency (SOL) The time that separates bedtime (lights off) from the actual start of sleep
Wake-up The time when the athlete gets out of bed
Total sleep time (TST) The time spent asleep, i.e., between sleep onset and wake-up time
Time in bed (TIB) The total time spent in bed, between bedtime and wake-up time
Sleep efficiency (SE) (TST/TIB) × 100
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3.3 � Multiple Regression

Mult iple  l inear  regress ion models  for  PSQI 
(F(10, 3900) = 164.15; p < 0.001; R2 = 0.29) and ISI 
(F(12, 3898) = 50.51; p < 0.001; R2 = 0.13) were significant. 
Both sleep quality and insomnia were mostly affected by the 
increase of sleep-onset latency and the delayed bedtime (all 
p < 0.001). Furthermore, the increase in caffeine and alco-
hol consumption during the lockdown affected sleep quality 
(p = 0.038, p < 0.001) and insomnia (p = 0.002, p = 0.007), 
respectively. The delayed preferred TOD to train was associ-
ated with a lower sleep quality and higher insomnia (both; 
p = 0.005). However, the reduced number of training ses-
sions per week affected only insomnia scores (p = 0.013). 
Figure 1 presents the results of the multiple regression 
models.

The change in PSQI was mostly associated with the 
changes in sleep-onset latency and sleep efficiency, which 
were in turn mediated by other variables (Fig. 2). Similarly, 
Fig. 3 presents the variables that mediated the association 
between sleep-onset latency and bedtime (i.e., independent 
variables) and ISI (dependent variable).

3.4 � Multivariate Analysis

Please see ESM for the main effects (i.e., lockdown; com-
petitive level; sport discipline; age; and sex) and interac-
tion (i.e., lockdown × competitive level; lockdown × sport 
discipline; lockdown × age; and lockdown × sex) ANOVA 
output.

3.4.1 � Effect of Competitive Level

Pre-lockdown, non-elite athletes reported higher PSQI 
scores compared with elite athletes (p < 0.001), with lock-
down equalizing this difference, indicative of increased 
PSQI among elite athletes during lockdown (Fig.  4A). 
Additionally, elite athletes showed higher insomnia during 
lockdown compared with non-elite athletes (Fig. 4B). Both 
sub-groups were napping more frequently and for a longer 
duration during lockdown compared with pre-lockdown 
(both; p < 0.001), but elite athletes were napping later dur-
ing lockdown compared with non-elite athletes (p = 0.003) 
and compared with pre-lockdown (p < 0.001). Non-elite ath-
letes were consuming more alcoholic beverages compared 

Table 2   Statistical parameters relating to changes in sleep, training, and nutrition-related and health-related behaviors in response to lockdown

Dependent t-tests were used to compare variables measured pre- and during lockdown
au arbitrary unit, CI confidence interval, d Cohen’s effect size, h hour, ISI Insomnia Severity Index, MD mean difference, min minutes, N° num-
ber, PSQI Pittsburgh Sleep Quality Index, TOD time of day

Variable Lockdown t N P-value d MD 95% CI

Pre During

PSQI score (au) 4.33 ± 2.49 5.85 ± 3.16 31.41 3911  < 0.001 0.73 1.51 1.42–1.61
ISI score (au) 4.86 ± 4.73 7.2 ± 6.41 27.46 3911  < 0.001 0.58 2.33 2.17–2.51
Bedtime (hh:mm) 23:24 ± 1:37 00:39 ± 2:08 46.28 3911  < 0.001 1.11 1:15 72–81
Wake-up time (hh:mm) 7:15 ± 1:38 9:45 ± 2:27 65.98 3911  < 0.001 1.71 2:30 145–154
Total sleep time (min) 444 ± 69 492 ± 87 35.09 3911  < 0.001 0.86 48 45–50
Time in bed (min) 498 ± 89 588 ± 110 50.85 3911  < 0.001 0.89 90 86–93
Sleep efficiency (%) 90.24 ± 12.9 84.98 ± 22.1 13.78 3911  < 0.001 0.41  − 5.28 4.53–6.03
Sleep-onset latency (min) 21.1 ± 16.33 35.5 ± 29.51 34.81 3911  < 0.001 0.86 14 13–15
Nap frequency (N° · week−1) 1.72 ± 1.64 2.1 ± 1.78 12.31 3560  < 0.001 0.31 0.41 0.35–0.48
Nap duration (min) 14.21 ± 20.6 21.1 ± 25.46 16.31 3911  < 0.001 0.41 7 6–7
Nap timing (hh: mm) 14:33 ± 1:54 14:46 ± 1:59 5.92 2542  < 0.001 0.16 0:11 7–14
24-h sleep duration (min) 459 ± 72 514 ± 92 37.94 3911  < 0.001 0.93 55 52–57
Preferred training TOD (hh: mm) 14:20 ± 4:33 14:45 ± 5:51 4.55 3911  < 0.001 0.11 0:20 11–29
Training sessions (N° · week−1) 3.34 ± 2.32 4.96 ± 2.32 41.19 3903  < 0.001 1.01  − 1.41 1.34–1.48
Body mass (kg) 67.7 ± 14.62 68.76 ± 16.3 6.33 3908  < 0.001 0.08 1.14 0.69–1.49
Meals (N° · day−1) 3.06 ± 1.23 3.09 ± 1.35 2.46 3911  < 0.05 0.06 0.05 0.01–0.09
Eat after midnight (au) 0.6 ± 1.57 1.06 ± 1.33 18.95 3668  < 0.001 0.44 0.46 0.41–0.51
Caffeinated beverages (N° · day−1) 1.45 ± 1.6 1.54 ± 1.66 4.86 3694  < 0.001 0.08 0.11 0.06–0.14
Alcoholic beverages (N° · day−1) 0.38 ± 1.01 0.45 ± 1.19 4.31 3705  < 0.001 0.08 0.06 0.03–0.09
Cigarettes smoked (N° · day−1) 1.02 ± 3.89 1.14 ± 4.35 2.26 3698  < 0.05 0.03 0.09 0.01–0.18
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with elite athletes both during and pre-lockdown (both; 
p < 0.001), with no difference in caffeine consumption and 
cigarette smoking. Elite athletes reported consuming more 
food after midnight during (p < 0.001) but not pre-lockdown, 
without differences in the number of daily meals and body 
mass. Training behavior and sleep metrics according to the 
level of athlete are presented in Fig. 5.

3.4.2 � Effect of Sport Discipline

Individual athletes showed a higher lockdown-induced 
increase in PSQI and ISI scores (both; p < 0.001) compared 
with team sports athletes (Fig. 4). Nap frequency increased 
in both sub-groups (both; p < 0.001), but individual athletes 
were napping longer (p = 0.003) and later (p < 0.001) during 
lockdown compared with team sport athletes. No difference 
in alcohol and caffeine consumption and cigarette smoking 
was found between the two sub-groups. Individual athletes 
reported having more meals than team sport athletes during 
and pre-lockdown (both; p < 0.001), and reported consuming 
more food after midnight during lockdown (p < 0.001), but 
no difference regarding body mass. Training behavior and 
sleep metrics according to the sport discipline are presented 
in Fig. 6.

3.4.3 � Effect of Age

Older athletes showed a higher lockdown-induced increase 
in PSQI and ISI scores (both; p < 0.001) compared with 
younger athletes (Fig.  4). Pre-lockdown, both groups 
were napping with the same frequency. However, during 

lockdown, older athletes were napping longer and more fre-
quently compared with younger athletes (both; p < 0.001). 
Older athletes were napping later pre- (p = 0.006) and dur-
ing (p < 0.001) lockdown compared with younger athletes. 
Younger athletes were consuming more alcoholic and caf-
feinated beverages and smoking more cigarettes compared 
with older athletes both during and pre-lockdown (all; 
p < 0 0.001). Younger athletes were eating more meals pre-
lockdown (p = 0.048) and this difference disappeared dur-
ing lockdown, and the older group reported a higher food 
consumption after midnight compared with pre-lockdown 
(p < 0.001), with no age-based difference in body mass. Fig-
ure 7 presents training behavior and sleep metrics according 
to the age of athletes.

3.4.4 � Effect of Sex

Female athletes reported higher PSQI and ISI scores regard-
less of the lockdown (all; p < 0.001). Napping frequency and 
duration increased in both sub-groups (all; p < 0.001) and 
there was no sex-based difference in this increase. However, 
only female athletes reported a later napping TOD during 
lockdown compared with pre-lockdown (p = 0.008). Male 
athletes were consuming more alcoholic beverages both dur-
ing (p = 0.009) and pre-lockdown (p = 0.004) compared with 
female athletes, smoking more cigarettes during and pre-
lockdown (both; p < 0.001), with no sex-based difference in 
caffeine consumption. Male athletes were eating more meals 
compared with female athletes pre-lockdown (p = 0.015) and 
this difference disappeared during lockdown. Furthermore, 
male athletes reported a higher likelihood of consuming 

Fig. 1   Output of the regression models; the left panel presents the 
variables directly affecting PSQI (Pittsburgh sleep quality index) 
scores. The right panel presents the variables directly affecting ISI 
(insomnia severity index) scores, N°: number; R2: coefficient of mul-
tiple determination; the proportion of variance in the dependent vari-

able explained by all the independent variables; %: semi-partial cor-
relation coefficient squared; indicates the unique contribution of each 
independent variable within the model; SOL: sleep onset latency; SE: 
sleep efficiency; TST: total sleep time; TOD: time of day
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food after midnight compared with female athletes during 
lockdown (p = 0.001) and pre-lockdown (p = 0.005), with no 
sex-based difference in body mass. Training behavior and 
sleep metrics according to the sex of athletes are presented 
in Fig. 8.

4 � Discussion

A phase delay in athletes’ circadian rhythms, as measured by 
sleep timing and training TOD, was seen as a consequence 
of lockdown. Specifically, lockdown influenced all measured 
sleep parameters in athletes and to a greater extent compared 
with previously published non-athlete data [5] [accepting 
hypothesis (1)]. The lockdown-induced behavioral changes 

(eating, training, and sleep habits) are implicated in the 
observed reduced sleep quality and increased insomnia 
[accepting hypothesis (2)]. Lower sleep quality and higher 
insomnia were mostly associated with longer sleep-onset 
latency and a later bedtime. Elite athletes demonstrated 
greater circadian misalignment during lockdown alongside 
higher insomnia and lower sleep quality compared with non-
elite athletes. Female athletes reported a lower sleep quality 
and higher insomnia-like symptoms compared with male 
athletes irrespective of lockdown, whilst older athletes were 
more susceptible to negative and greater magnitude of the 
lockdown-mediated sleep quality parameter reductions com-
pared with younger athletes (partially accepting our third 
hypothesis).

Fig. 2   Left panel (A) indirect mediators affecting the relationship 
between SOL (sleep onset latency) and PSQI (Pittsburgh sleep qual-
ity index). Right panel (B); indirect mediators affecting the relation-

ship between SE (sleep efficiency) and PSQI; TIB: time in bed; TOD: 
time of day; and TST: total sleep time; %: the magnitude of the medi-
ation effect

Fig. 3   Left panel (A) indirect mediators affecting the relationship 
between SOL (sleep onset latency) and ISI (insomnia severity index). 
Right panel (B); indirect mediators affecting the relationship between 

bedtime and ISI; N°: number; TOD; time of day; %: the magnitude of 
the mediation effect
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4.1 � Univariate Effect of the Lockdown

Athletes showed a greater increase in PSQI scores (35.2%) 
owing to the pandemic compared with the general popula-
tion (21.7%) [5]. Indeed, lockdown appears to have affected 
athletes more than the general public, with greater lock-
down-mediated increases in sleep-onset latency [68.6% (pre-
sent data) vs 38.2% (general public data, reported in [5])], 
time in bed (18.1% vs 6%), and total sleep time (10.6% vs 
5.7%). Surveyed athletes reported 7 h 24 min ± 1 h 10 min 
of sleep pre-lockdown, in line with what has been published 
in a recent review (athletes slept 7 h 20 min ± 1 h 10 min 

per night [33]). Although 7 h 24 min of sleep is within the 
National Sleep Foundations recommendations for healthy 
adults (7–9 h [23]), athletes are purported to have a greater 
sleep need than the general population [19, 20]. Longer 
sleep durations during lockdown were associated with lower 
PSQI scores (i.e., better sleep quality). This may be indica-
tive of insufficient sleep duration pre-lockdown, and when 
the opportunity for extra sleep is possible, athletes extended 
their sleep duration [24]. Indeed, sleep extension in athletes 
has been reported to be beneficial for athletic performance 
[20], especially after sleep deprivation [16]. However, the 
longer total sleep time and time in bed negatively mediated 

Fig. 4   Mean and 95% confidence interval for A Pittsburgh Sleep 
Quality Index (PSQI) and B Insomnia Severity Index (ISI) scores 
pre- and during lockdown for the overall sample (n = 3911) and for 
subgroups; elite (n = 1442) and non-elite (n = 2428) athletes; individ-
ual-sport (n = 1443) and team-sport (n = 2427) athletes; age ≤ 25 years 
(n = 2595) and age > 25 years (n = 1275); male (n = 2106) and female 
(n = 1764) athletes. *, **, and *** mean signiicant effect of the lock-

down within groups at p < 0.05, p < 0.01, and p < 0.001, respec-
tively. Black dots ·, ··, and ··· mean diference between groups during 
lockdown at p < 0.05, p < 0.01, and p < 0.001, respectively. #, ##, 
and ### mean diference between groups pre-lockdown at p < 0.05, p < 
0.01, and p < 0.001, respectively. Signicance is assessed by the two-
way analysis of variance and the Bonferroni post-hoc test
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the effect of sleep-onset latency on PSQI and positively 
mediated the effect of sleep efficiency on PSQI scores. This 
suggests that athletes were compensating the longer sleep-
onset latency and the reduced sleep efficiency by longer 
total sleep time and time in bed. It therefore seems logical 
to recommend athletes target 9–10 h of sleep per night (in 
line with guidelines elsewhere [20, 21, 24]), sleeping ear-
lier (than what is observed during lockdown) and waking 
up later (compared with that observed pre-lockdown) [20, 
21, 24].

However, despite a lockdown-mediated increased sleep 
duration, poorer sleep quality and a higher risk for insomnia 
were evident during lockdown, including lower sleep effi-
ciency and greater difficulties falling and/or staying asleep. 
These are likely attributable to the altered homeostatic 
and circadian cues/processes [14], evidenced by surveyed 
athletes altering their normal routines (e.g., going to bed, 

waking up, and training later during lockdown). Later bed-
times were associated directly and indirectly with a lower 
sleep quality and higher insomnia. Here, it appears that ‘late 
sleepers’ are ‘bad sleepers’ with poorer sleep quality, more 
nightmares, and worse insomnia symptoms than their ‘ear-
lier sleepers’ peers [34]. Adherence to regular sleep–wake 
schedule promotes optimal sleep propensity and consolida-
tion [35], which will potentially promote health and maxi-
mize physical and cognitive performance [24].

4.2 � Eating Behavior

Given meals are a potent zeitgeber within circadian regula-
tion, it was interesting to see an increased likelihood to eat 
after midnight being associated directly with higher insom-
nia (Fig. 1) and indirectly through mediating the effects of 
sleep-onset latency and bedtimes on ISI scores (Fig. 3). 

Fig. 5   Mean and 95% confidence interval of sleep metrics and train-
ing habits pre- and during lockdown for elite athletes (light grey box; 
n = 1442) and non-elite athletes (dark grey box; n = 2428). A The 
number of training sessions per week, B the preferred time of day 
(TOD) to train, C bedtime, D wake-up time, E total sleep time (TST), 
F time in bed (TIB), G sleep-onset latency (SOL), and H sleep effi-
ciency (SE). *, **, and *** mean significant effect of the lockdown 

within groups at p < 0.05, p < 0.01, and p < 0.001, respectively. Black 
dots ·, ··, and ··· mean difference between groups during lockdown 
at p < 0.05, p < 0.01, and p < 0.001, respectively. #, ##, and ### mean 
difference between groups pre-lockdown at p < 0.05, p < 0.01, and 
p < 0.001, respectively. Significance is assessed by the two-way analy-
sis of variance and the Bonferroni post-hoc test
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Further, the change in body mass was directly associated 
with the change in PSQI scores, and indirectly associated 
with ISI scores through delaying bedtime. Late bedtimes cre-
ate an imbalance of hunger, satiety, and metabolic hormones 
[25], and increase the intake of energy-dense nutrient-poor 
foods [36]. Indeed, late sleepers consumed more calories 
per day (~ 248) compared with normal sleepers, associated 
with a higher body mass index in late sleepers [36]. Addi-
tionally, core body temperature and cortisol levels increase 
with food intake promoting alertness [37], indicative of the 
longer sleep-onset latency and later bedtimes observed in the 
current study. Therefore, it is recommended to not consume 
a heavy meal with undesirable nutritional content around 
bedtime. However, a light tryptophan-rich meal is encour-
aged 1 h prior to bedtime to allow proper digestion (e.g., 
milk and derivates, fish, white of eggs, red and white meat, 
soybean, sesame, and pumpkin seed).

4.3 � Smoking, Alcohol, and Caffeine

The increased tobacco, caffeine, and alcohol consump-
tion during lockdown: (i) influenced directly PSQI and ISI 
scores and (ii) mediated the effect of SOL on PSQI and ISI. 
Smoking [38] and alcohol consumption [39] are associated 
with a disturbed and undesirable sleep structure, including: 
(i) more non-rapid eye movement stage 1 (N1) sleep; and 
(ii) less slow-wave sleep. Similarly, caffeine consumption 
delays sleep-onset latency, decreases slow-wave sleep, and 
increases the amount of N2 [40], even when taken in small 
amounts [35]. Caffeine taken 6 h before bedtime can pro-
duce disruptive effects on sleep [40], given its long half-life 
(5–7 h) [41]. This tripartite ensemble of smoking, alcohol, 
and caffeine are modifiable behavioral factors open to inter-
vention to acquiesce the COVID19-induced undesirable 
sleep effects. Specifically, athletes are recommended to 

Fig. 6   Mean and 95% confidence interval of sleep metrics and train-
ing habits pre- and during lockdown for individual-sport (light grey 
box; n = 1443) and team-sport (dark grey box; n = 2427) athletes. A 
The number of training sessions per week, B the preferred time of 
day to train (TOD), C bedtime, D wake-up time, E total sleep time 
(TST), F time in bed (TIB), G sleep-onset latency (SOL), and H 
sleep efficiency (SE). *, **, and *** mean significant effect of the 

lockdown within groups at p < 0.05, p < 0.01, and p < 0.001, respec-
tively. ·, ··, and ··· mean difference between groups during lockdown 
at p < 0.05, p < 0.01, and p < 0.001, respectively. #, ##, and ### mean 
difference between groups pre-lockdown at p < 0.05, p < 0.01, and 
p < 0.001, respectively. Significance is assessed by the two-way analy-
sis of variance and the Bonferroni post-hoc test
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avoid alcohol and cigarette consumption and not consume 
caffeine in the second half of the day to enhance deep sleep, 
which is more recuperative.

4.4 � Effect of Competitive Level

Elite athletes slept longer during (+ 14  min) and pre- 
(+ 18  min) lockdown compared with non-elite athletes 
(p < 0.001), as well as reporting a greater sleep efficiency 
during lockdown (85 ± 10% vs 83 ± 10%; p < 0.001). 
Similarly, it has been reported that young elite athletes 
(16.5 years) show greater sleep quality compared with age-
matched non-elite athletes and non-athletes [42]. In our 
sample, elite athletes showed a greater lockdown-induced 
circadian misalignment compared with non-elite athletes. 
Additionally, elite athletes reported higher lockdown-
mediated insomnia (+ 52% vs + 45%) and lower sleep qual-
ity (+ 42% vs + 30%). This is likely linked to the reduced 

weekly training sessions and circadian/homeostatic mis-
alignment due to lockdown, conspiring to reduce sleep 
drive and quality. The reduced number of training sessions 
per week during lockdown was associated with higher ISI 
scores. Indeed, it has been reported that regular and acute 
physical exercise could enhance total sleep time and sleep 
efficiency and reduce sleep-onset latency [35, 41].

4.5 � Effect of Sport Discipline

Pre-lockdown, individual-sport athletes slept (− 56 min) 
and woke up (− 18 min) earlier compared with team-sport 
athletes, as shown elsewhere [43]. However, during lock-
down, individual athletes showed the greatest shift towards 
‘eveningness’ (i.e., greatest circadian delay) with later bed 
(+ 7% vs + 2%) and wake-up (+ 40% vs + 31%) times and a 
later preferred TOD to train (+ 6.5% vs + 0.5%) compared 
with team-sport athletes. This finding is consistent with the 

Fig. 7   Mean and 95% confidence interval of sleep metrics and train-
ing habits pre- and during lockdown for age ≤ 25  years (light grey 
box; n = 2595) and age > 25 years (dark grey box; n = 1275) athletes. 
A The number of training sessions per week, B the preferred time of 
day (TOD) to train, C bedtime, D wake-up time, E total sleep time 
(TST), F time in bed (TIB), G sleep-onset latency (SOL), and H 
sleep efficiency (SE). *, **, and *** mean significant effect of the 

lockdown within groups at p < 0.05, p < 0.01, and p < 0.001, respec-
tively. ·, ··, and ··· mean difference between groups during lockdown 
at p < 0.05, p < 0.01, and p < 0.001, respectively. #, ##, and ### meas 
difference between groups pre-lockdown at p < 0.05, p < 0.01, and 
p < 0.001, respectively. Significance is assessed by the two-way analy-
sis of variance and the Bonferroni post-hoc test
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shift of activity levels concomitantly with the change in bed-
time and wake-up preferences [34, 44]. During lockdown, 
better sleep quality was associated with exercising earlier, 
but not later during the day [45]. Therefore, outdoor exercise 
and light exposure early during the day could better align 
the body clock to desirable sleep-focused circadian rhythms, 
thus promoting sleep at a preferential circadian phase [45].

4.6 � Effect of Age

Training frequency and sleep quality of older athletes evi-
denced greater lockdown-mediated disruption compared 
with younger athletes, respectively. Younger athletes 
reported smaller increases in PSQI (+ 31% vs + 47%) and ISI 
(+ 43% vs + 65%) scores compared with older athletes, indi-
cating a greater resilience to lockdown-mediated changes; in 
support of existing albeit limited data in the general popula-
tion [9]. Indeed, young adults are less disturbed by circadian 

misalignment (e.g., jet-lag) than older adults [9]. Napping 
duration (+ 124%) and frequency (+ 55%) increased in the 
older group, which may have been a response to increased 
insomnia symptoms and lowered nocturnal sleep quality in 
the older athlete during lockdown. Longer and later daytime 
napping affected ISI scores directly and indirectly by means 
of longer sleep-onset latency and later bedtimes. Although 
long naps are efficient in enhancing performance after par-
tial sleep deprivation [46], they can increase daytime sleep-
iness and reduce subsequent performance compared with 
short naps after appropriate nocturnal sleep [47]. Taking 
long (> 90 min), or late (> 16:00) diurnal naps decreases 
the homeostatic drive for sleep [35] and increase insomnia 
symptoms during the subsequent night. Preferably, a moder-
ate dose of caffeine immediately prior to starting a 30-min 
midday nap to maximize alertness and avoid sleep inertia at 
the awakening [48–50], would appear prudent to not inter-
fere with the upcoming nocturnal sleep.

Fig. 8   Mean and 95% confidence interval of sleep metrics and train-
ing habits pre- and during lockdown for male athletes (light grey 
box; n = 2106) and female (dark grey box; n = 1764) athletes. A The 
number of training sessions per week, B the preferred time of day 
(TOD) to train, C bedtime, D wake-up time, E total sleep time (TST), 
F time in bed (TIB), G sleep-onset latency (SOL), and H sleep effi-
ciency (SE). *, **, and *** mean significant effect of the lockdown 

within groups at p < 0.05, p < 0.01, and p < 0.001, respectively. ·, ··, 
and ··· mean difference between groups during lockdown at p < 0.05, 
p < 0.01, and p < 0.001, respectively. #, ##, and ### mean difference 
between groups pre-lockdown at p < 0.05, p < 0.01, and p < 0.001, 
respectively. Significance is assessed by the two-way analysis of vari-
ance and the Bonferroni post-hoc test



1445Athletes’ Circadian Rhythms During Lockdown

4.7 � Effect of Sex

Sex differences were also evident within the present data, 
although independent of the effects of lockdown. In general, 
female athletes had less desirable sleep quality parameters 
(e.g., higher PSQI) and  greater insomnia-like symptoms 
(e.g., higher ISI) than male athletes, as seen elsewhere 
[51]. Although female athletes reported higher PSQI both 
pre- and during lockdown compared with male athletes, 
the lockdown-mediated reduced sleep quality was not dif-
ferent between groups (female athletes: + 34.81% vs male 
athletes: + 35.27%). Similarly, female athletes showed a 
higher prevalence of anxiety, depression, and sleep disorder 
compared with male athletes [51]. These results confirm 
the sex-based differences in sleep characteristics reported 
elsewhere and that they endure despite the pandemic [52]. 
Finally, female athletes preferred to train at an earlier TOD 
compared with male athletes pre- (− 53 min) and during 
(− 37 min) lockdown, this might be due to having an earlier 
circadian phase of melatonin and core body temperature 
compared with male athletes [53].

4.8 � Strengths and Limitations

The main strength of this study is its large sample size (larg-
est survey to date on sleep in athletes). This international 
sample presents a wide range of sport disciplines across 
sexes. The survey and recommendations were developed by 
an international research team from diverse background and 
cultures, promoting their applications. Conversely, the cur-
rent study presents some limitations. The main limitation 
of the present study is that we had to collect data about the 
pre-lockdown period (and during lockdown for some partici-
pants) by a retrospective self-report, which could be subject 
to recall bias. The current study was advertised online and it 
could be subject to sampling bias (e.g., non-athlete claiming 
that they are athletes or non-elite athletes claiming that they 
are elite athletes; maliciously or otherwise). Additionally, 
the lockdown level (e.g., partial or total lockdown) was not 
the same across the world at the time of survey, which could 
limit the current conclusions to some extent. Additionally, 
linking sleep quality to psychometric measures such as stress 
and mood would have been more informative about athletes’ 
wellness during lockdown. The data were not explored rela-
tive to athlete chronotype [44], as this was not established 
within the sample utilized. The data see very large standard 
deviations, indicative of high inter-individual variability 
within the sample. Indeed, individual preferences should be 
prioritized when developing sleep hygiene protocols rather 
than a standardized ‘one size fits all’ intervention [21]. Fur-
ther, whether adolescent population-specific recommenda-
tions and practice are warranted requires further thought 
[54]. As a minimal number of adolescents were included 

within this sample, there was insufficient statistical power 
to model adolescents as a further sub-group to the employed 
younger and older sub-groups. Additionally, when, how and 
if sleep medications (including melatonin, Circadian®) can 
be used within periods of lockdown require careful consid-
eration [55] and are beyond the scope of the current article.

4.9 � Recommendations for Future ‘Lockdown‑Like’ 
Restrictions

•	 Adherence to sleep hygiene could protect, at least in 
part, against the observed lower sleep quality and higher 
insomnia in athletes. Helping protect athlete physical and 
mental health, limit detraining and facilitate a return to 
training and competition upon lockdown easing.

•	 It is recommended to avoid long and late napping whilst 
opting for a moderate dose of caffeine prior to a 30-min 
post-lunch nap.

•	 Avoid alcohol and cigarette consumption, and caffeine 
in the second half of the day (it would seem prudent to 
abstain from these if possible/viable).

•	 Maintain regular schedules of meals (including appropri-
ate composition), and bed and wake-up times.

•	 Avoid heavy meals near bedtime and opt for a light tryp-
tophan-rich snack 1 h pre-bedtime.

•	 Outdoor training sessions, early in the day, are highly 
recommended during lockdown.

5 � Conclusions

From the largest survey to date on sleep in athletes (irre-
spective of COVID-19), the COVID-19-mediated lockdown 
phase delayed athlete’s circadian rhythms, reduced sleep 
quality, and increased insomnia-like symptoms to a greater 
magnitude than shown in the general public [5]. Lockdown-
induced behavioral changes (some of them modifiable) 
lowered sleep quality and increased insomnia in athletes. 
Directly, these were longer sleep-onset latency and later 
bedtimes and indirectly by way of nocturnal eating behav-
iors, longer and later napping, and higher caffeine, alcohol, 
and cigarette consumption. Moreover, the preferred TOD 
to train seems to have a greater impact on sleep quality and 
insomnia than the number of training sessions per week. 
We also highlight the vulnerability of elite, individual-sport, 
and older athletes to these lockdown-induced changes. Fur-
ther data establishing whether the demonstrated lockdown-
mediated circadian misalignment is transient or enduring 
appear prudent.
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