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INTRODUCTION
In December 2019, a new coronavirus (SARS-CoV-2) emerged in 
China and the virus outbreak has spread rapidly and widely through-
out the world [1]. In January 2020, the World Health Organization 
declared the outbreak of a new disease, renamed Covid-19, to be 
a Public Health Emergency of International Concern and, in March 
2020, the World Health Organization declared Covid-19 as a pan-
demic [2]. Italy was the first European country to enter a nationwide 
lockdown [3] and between the 09th March 2020 and 3rd May 2020, 
the Italian Government adopted severe containment measures to 
counteract the possible collapse of the Italian health care system and 
the virus spread [4, 5]. Several activities were temporarily closed, 
including universities and schools, restaurants, gyms and sports cen-
ters and not even outdoor activities were allowed [6]. An inevitable 
behavior determined by the home confinement was the increase of 
time spent sitting and engaging in activities that involve low rates of 
energy expenditure, such as television viewing, use of electronic device, 
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desk-bound work and videogames [6, 7] and people had an increase 
in anxiety, stress, irritability, poor concentration causing deterioration 
of work performance, and depressive symptoms too [3, 8]. Recent 
studies examined the association between psychological health and 
the change in physical activity behavior, smoking and alcohol use in 
the general population during the lockdown. It was observed that the 
negative changes in both physical activity, smoking and alcohol intake 
were associated with higher depression, anxiety and stress. Thus, it 
was suggested that governments should give public health warnings 
about excessive alcohol consumption during isolation [9, 10] (cit).

It has been shown that home confinement leads to poor and inap-
propriate sleep quality and duration [7]. Living 24 h/day at home 
determines reduced activity levels and a lower exposure to daylight 
and, given that environmental light is the primary synchronizer (i.e. 
“zeitgeber”) of the human’s body clock, this may result in altered 
sleep patterns and lead to a de-synchronized circadian expression 
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Sample size
The elite athletes of the Italian Track and Field Federation (FIDAL) 
are ≈120. Therefore, based on a maximum 120 responses, at least 
84 participants would be needed to achieve a statistical precision at 
90% confidence intervals with type I error rate of 5%.

Participants
Participants were Italian elite athletes from the FIDAL, recruited upon 
invitation by their coaches and physicians. One hundred and twenty-
two participants were screened for eligibility using the following inclu-
sion criteria: male or female, all ethnicity, age between 18 and 
40 years, elite athletes of FIDAL. The exclusion criteria were as fol-
lows: recreational or semi-elite athletes, shift- or part-time workers, 
injuries that influence the frequency of training, and pregnant wom-
en. Participants who met the above inclusion and exclusion criteria 
were recruited in the study.

Survey
All athletes received the survey in a printed form, answered to all 
questions and then returned the document by e-mail to an investiga-
tor of the study (J.V.). The subjects completed the survey in June 
2020 and the data were manually exported to an Excel file (Microsoft, 
Edmond, USA) for data analysis. The survey was composed by four 
sections: 1) demographic data; 2) physical activity and sleep behav-
ior in the last month before the lockdown (T0); 3) during the lockdown 
(T1); 4) in the first month after the lockdown (T2). Demographics 
included information on gender, sport discipline (short-term: jumps, 
throws, 60 m – 400 m sprints; long-term: 800 m – marathon/march), 
training and kind of sports material, home characteristics (e.g. square 
footage, presence of garden or terrace, type of house) and region of 
origin. Subjects were classified in athletes resident in the most in-
fected regions of Italy ( Lombardy, Emilia-Romagna, Veneto and 
Piedmont) or in the less infected regions (all other Italian regions). 
Primary outcomes of physical activity were hours of training per week, 
hours of training per day, and number of training sessions per week 
whereas subjective sleep parameters included wake-up time, bedtime, 
sleep latency, total sleep time and sleep quality. In detail, we utilized 
questions 1, 2, 3, 4, and 6 of the Italian version of the Pittsburgh 
Sleep Quality Index to assess sleep parameters [17, 18]. Data on 
alcohol and caffeine intake throughout the day and use of electronic 
devices 1 hour before bedtime were also collected using single self-
report question. Approximately fifteen minutes were required to com-
plete the survey. A total of 89 elite track and field athletes met the 
inclusion/exclusion criteria and completed the entire survey (mean 
age: 24.7 ± 5.4; mean BMI: 20.7 ± 3.0; n = 43 males [48.3%] 
and n = 46 females [51.7%]).

Statistical analysis
Data are expressed as mean ± SD. Each physical activity and sleep 
parameter was evaluated three times (T0, T1, and T2) and then 
checked with the Shapiro–Wilk test. Given a non-normal distribution, 

in humans [6]. In line with this, data from the Italian population 
indicate that poor sleep quality and duration were common during 
lockdown [11]. Cellini and colleagues [11] observed that sleep-wake 
rhythms change dramatically during home confinement with people 
going to bed and waking up later and spending more time at bed 
than usual. However, those behaviors were associated with lower 
levels of sleep quality. In addition, the decrease in sleep quality was 
more severe among those with higher levels of stress and anxiety [11].

The world of professional sport experienced an unknown and 
extreme situation due to the Covid-19 outbreak and all competitions 
were postponed with any organized training or practice banned or 
severely limited during the first phase of the virus spread [12]. The 
health of spectators, athletes and coaches became a priority and the 
major regional, national and international competitions, such as the 
Olympic Games in Tokyo, were canceled [1, 12]. International-cal-
iber elite athletes need to preserve an optimal psychophysical condi-
tion during the entire competitive season. Nonetheless, the lockdown 
prevented athletes from training in their habitual settings, causing 
changes in their physical activity patterns and daily training routine. 
In addition, home confinement may alter several physical and men-
tal aspects of athletes including physical deconditioning, altered sleep 
patterns, or feelings of depression and the re-adjustment to normal 
life and return to sport will undoubtedly be challenging [13–15].

Therefore, the primary aim of this study was to evaluate, by means 
of a survey, changes in subjective sleep parameters and physical 
activity characteristics of Italian elite track and field athletes in three 
different periods: the month preceding the lockdown (T0), during 
the lockdown (09th March – 03rd May 2020, T1) and the first month 
after the lockdown (T2). Secondary aims were: to assess sleep and 
physical activity changes between short- and long-term disciplines 
and between genders; to evaluate the differences in alcohol intake, 
caffeine intake, and the use of electronic devices before bedtime 
among T0, T1 and T2. We hypothesized that subjective sleep pa-
rameters and physical activity characteristics would be negatively 
influenced by the home confinement during the lockdown.

MATERIALS AND METHODS 
Study Design and Ethical Approval
This was a cross-sectional study conducted at the IRCCS Istituto 
Ortopedico Galeazzi (Milan, Italy). The study was approved by the 
Ethical Committee of Vita-Salute San Raffaele University (ref. n.: 
95/INT/2020) and all procedures were performed in compliance 
with laws and regulations governing the use of human subjects (Dec-
laration of Helsinki). The study protocol was registered at clinicaltri-
als.gov (ClinicalTrials.gov Identifier: NCT04632615). All participants 
received explanation of purpose, methods of the study and written 
informed consent was obtained from all subjects. Data were col-
lected using an offline survey and the methodology of this data 
collection was compliant to the national legislation concerning social 
distancing during the pandemic. The results of the survey were re-
ported following specific guidelines [16].
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the Friedman test followed the by Dunn’s multiple comparisons was 
performed to detect possible differences in physical activity and sleep 
among T0, T1, and T2. Partial eta-squared (η2

p) was used to deter-
mine the magnitude of the effect for significant outcomes (α = .05) 
using the small (< .13), medium (.13–.25), and large (> .25) in-
terpretation [19] while effect sizes for pairwise comparison were 
calculated using Cohen’s d and considered to be either trivial (effect 
size: < 0.20), small (0.21–0.60), moderate (0.61–1.20), large 
(1.21–2.00), or very large (> 2.00) [20].

The two-way ANOVA was used to test intra-group and inter-group 
differences for physical activity and sleep parameters in: 1. male vs 
female athletes and 2. short-term vs long-term disciplines among 
T0, T1 and T2.

A chi-square test (χ2) was used to test the differences between 
the observed and expected values among T0, T1, and T2 for all 
categorical variables (sleep quality, alcohol and caffeine intake, and 

use of electronic devices). The χ2 was also applied to sleep quality 
for male and female athletes alone and for subjects coming from the 
most and less infected regions. In addition, to test the differences in 
hours of training per week during the lockdown (T1) in relation to 
the square footage of the house (< 50 m2, 50–90 m2, > 90 m2), 
a non-parametric Kruskal-Wallis test followed by the Dunn’s multiple 
comparisons was applied. The level of significance was set at p ≤ .05. 
Statistical analysis was performed using GraphPad Prism (GraphPad 
Software, San Diego, CA).

RESULTS 
Eighty-nine elite track and field athletes completed the study: N = 43 
elite athletes (48.3%) were from the most infected regions while 
n = 46 (51.7%) were resident in the least infected regions. Ta-
ble 1 shows the summary of demographic data.

TABLE 1. Summary of demographic data.

Variable Descriptive Statistics Values

Mean ± SD
Range (min – max)

Lower and upper 95% C.I. 

24.7 ± 5.4
18–40

23.6–25.9
Age (years)

Mean ± SD
Range (min – max)

Lower and upper 95% C.I.

174.1 ± 8.8
157–193

172.3–176.0
Height (cm)

Mean ± SD
Range (min – max)

Lower and upper 95% C.I.

63.1 ± 13.3
39–125

60.3–65.9
Weight (kg)

Sports discipline

Jumps 13 (14.6%)
Throws 5 (5.6%)

Short distance (60–400 m) 28 (31.5%)
Middle distance (800–10000 m) 23 (25.8%)

Long distance (> 10000 m) 19 (21.4%)
Pentathlon 1 (1.1%)

House size
 < 50 m2 12 (13.5%)

 > 50 m2 and < 90 m2 29 (32.6%)
 > 90 m2 48 (53.9%)

Training setting at T1
Indoor 27 (30.3%)

Outdoor 60 (67.4%)
No training 2 (2.3%)

Type of training at T1*
Aerobic (e.g. run, bike) 15 (17.2%)

Anaerobic (e.g. resistance training) 23 (26.4%)
Combined 49 (56.4%)

Use of sports materials at T1*
Yes 70 (80.5%)
No 17 (19.5%)

Note: Data are reported as absolute (and percentages) values. *: the total number of subjects is n = 87 since n = 2 athletes did 
not perform any training during T1, as specified in “training setting at T1”. Abbreviations: SD: Standard Deviation; C.I.: Confidence 
interval; T1: Lockdown period.
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the lockdown. Table 2 presents the mean ± SD of physical activity 
and sleep parameters at T0, T1 and T2.

Subjective sleep quality was evaluated as a categorical variable 
(Table 3). The χ2 highlighted differences in sleep quality among T0, 
T1 and T2 for the entire group of elite athletes (p < 0.0001), for 
male and female subjects alone (p = 0.048 and p = 0.023 respec-
tively) and for subjects resident in the most infected regions 
(p = 0.001) and in the least infected regions (p = 0.033) sepa-
rately. No inter-group differences in sleep quality were observed 
between the most infected regions vs the least infected regions. 
Overall, it was observed a decrease in sleep quality at T1 compared 
to T0 and T2: the answer “very bad” and “not good” increased at 
T1 (7.8% and 22.5%) compared to T0 (1.1% and 3.4%) whereas 
the answers “good” or “excellent” decreased at T1 (to 47.2% and 
22.5%) compared to T0 (67.4% and 28.1%).

Sleep and physical activity parameters
Athletes reported significant changes in sleep-wake times 
(p < 0.0001), sleep latency (p < 0.0001) and subjective sleep 
quality (p < 0.0001) among T0, T1 and T2 whereas no significant 
differences were observed in total sleep time (p = 0.695). Specifi-
cally, athletes registered delayed bedtime (00:13 ± 1:05) and wake-
up time (8:41 ± 1:20) and longer sleep latency (28.1 ± 29.8 min) 
at T1 compared to T0 (bedtime: 23:27 ± 0:45; wake-up time: 
7:57 ± 1:05; sleep latency: 18.1 ± 14.4 min) and T2 (bedtime: 
23:38 ± 0:44; wake-up time: 8:04 ± 0:53; sleep latency: 
19.4 ± 15.9 min). Similarly, training volume and frequency signifi-
cantly changed during the three periods (p < 0.0001) with lower 
values registered at T1 compared to T0 and T2. In detail, the week-
ly training volume decreased from 16.1 ± 5.7 hours at T0 to 
10.7 ± 5.7 hours at T1 and 2 athletes reported no training during 

TABLE 2. Physical activity and self-reported sleep parameters at T0 (pre-lockdown), T1 (lockdown) and T2 (post-lockdown)

T0 T1 T2
Friedman 

test
Partial 

eta-squared
Dunn’s multiple 

comparisons

Weekly training
(hours)

16.1 ± 5.7 10.7 ± 5.7 14.0 ± 5.0 p < 0.0001
F2,88 = 85.3

η2
p = 0.66, large

T0 > T1 (p < 0.0001; 
ES: 1.01); T2 > T1 

(p < 0.0001; ES: 0.61); 
T0 > T2 (p < 0.002; 

ES: 0.39)

Daily training
(hours)

2.5 ± 0.9 1.8 ± 0.9 2.2 ± 0.8 p < 0.0001
F2,88 = 39.0

η2
p = 0.47, large

T0 > T1 (p < 0.0001; 
ES: 0.76); T2 > T1 

(p < 0.0001; ES: 0.44); 
T0 > T2 (p = 0.015; 

ES: 0.38)

Training sessions 
per week
(number of
sessions)

6.2 ± 0.8 5.4 ± 1.5 5.9 ± 0.9 p < 0.0001
F2,88 = 76.8

η2
p = 0.63, large

T0 > T1 (p < 0.0001; 
ES: 0.65);

T2 > T1 (p = 0.040; 
ES: 0.43); 

SL (minutes) 18.1 ± 14.4 28.1 ± 29.8 19.4 ± 15.9 p < 0.0001
F2,88 = 22.9

η2
p = 0.34, large

T0 < T1 (p = 0.002; 
ES: 0.43);

T2 < T1 (p = 0.027; 
ES: 0.36); 

BT (hh:mm) 23:27 ± 0:45 00:13 ± 1:05 23:38 ± 0:44 p < 0.0001
F2,88 = 60.8

η2
p = 0.58, large

T0 < T1 (p < 0.0001; 
ES: 0.82);

T2 < T1 (p < 0.0001; 
ES: 0.63); 

WT (hh:mm) 7:57 ± 1:05 8:41 ± 1:20 8:04 ± 0:53 p < 0.0001
F2,88 = 60.8

η2
p = 0.58, large

T0 < T1 (p < 0.0001; 
ES: 0.60);

T2 < T1 (p < 0.0001; 
ES: 0.55); 

TST (mimutes) 483.9 ± 56.3 477.7 ± 76.7 480.2 ± 57.6 p = 0.695 - -

Note: Comparison among T0, T1, and T2 physical activity and sleep parameters. The data are reported as mean ± SD. All variables 
were not normally distributed and therefore they were subjected to the nonparametric Friedman test followed by Dunn’s procedure. 
Abbreviations: SL: Sleep Latency (min); BT: Bedtime; WT: Wake up Time; TST: Total Sleep Time.
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Gender di!erences
Only a significant time effect (intra-group) was detected for all phys-
ical activity parameters (p < 0.0001): overall, significantly lower 
values of weekly and daily physical activity were observed at T1 
compared both to T0 and T2 for female and male athletes sepa-
rately. Similarly, data on bedtime, wake-up time and sleep latency 
highlighted a significant effect of time (p < 0.0001) but no effect of 
group and interaction were detected. Specifically, bedtime and wake-
up time were delayed and sleep latency was longer at T1 compared 
to T0 and T2 both for female and male athletes separately. On the 
contrary, total sleep time did not show any significant inter- and 
intra-group difference (p = 0.468) (Figure S1).

Short- vs long-term disciplines
A significant time effect (p < 0.0001) was detected for all physical 
activity and sleep parameters with the only exception of total sleep 
time that did not show a time effect (p = 0.545). Therefore, no 
differences between short- and long-term disciplines were observed 

in T0, T1, and T2 for sleep and training but overall worse values 
were observed during the lockdown compared to pre- and post-
lockdown for both groups (Figure S2).

Alcohol and ca!eine intake, electronic devices and home 
characteristics
Alcohol and caffeine intake throughout the day and the use of elec-
tronic devices before bedtime were assessed as categorical variables 
and data are presented in Table 4. The χ2 highlighted no significant 
differences in alcohol (p = 0.136) and caffeine intake (p = 0.990) 
and in the use of electronic devices (p = 0.317) among the three 
time points. In addition, no significant differences were detected in 
the hours of training per week at T1 in relation to the square footage 
of the house (p = 0.309). However, we observed that athletes who 
lived with a square footage < 50 m2 were the ones that had the 
lowest values of weekly training (8.5 ± 3.0 hours) than the other 
groups (50–90 m2: 11.6 ± 6.0 hours; > 90 m2: 10.7 ± 5.9 hours).

TABLE 3. Subjective sleep quality at T0 (pre-lockdown), T1 (lockdown) and T2 (post-lockdown)

Subjective sleep quality T0 T1 T2 Chi-square test (χ2)
Total (n = 89)
Very bad 1 (1.1) 7 (7.8) 1 (1.2) p < 0.0001
Not good 3 (3.4) 20 (22.5) 5 (5.6)
Good 60 (67.4) 42 (47.2) 65 (73.0)
Excellent 25 (28.1) 20 (22.5) 18 (20.2)
Males (n = 43)
Very bad 0 (0.00) 2 (4.7) 0 (0.0) p = 0.048
Not good 1 (2.3) 6 (13.9) 1 (2.3)
Good 31 (74.4) 21 (51.2) 28 (67.4)
Excellent 10 (23.3) 13 (30.2) 13 (30.3)
Females (n = 46)
Very bad 0 (0.0) 2 (4.4) 0 (0.0) p = 0.023
Not good 1 (2.2) 7 (15.2) 1 (2.2)
Good 33 (73.9) 23 (50.0) 31 (67.4)
Excellent 11 (23.9) 14 (30.4) 14 (30.4)
Most infected regions (n = 43)
Very bad 0 (0.0) 1 (2.3) 0 (0.0) p = 0.001
Not good 2 (4.6) 12 (27.9) 1 (2.3)
Good 31 (72.1) 20 (46.5) 35 (81.4)
Excellent 10 (23.3) 10 (23.3) 7 (16.3)
Less infected regions (n = 46)
Very bad 1 (2.2) 5 (11.1) 1 (2.2) p = 0.033
Not good 1 (2.2) 8 (17.8) 3 (6.5)
Good 30 (65.2) 22 (48.9) 31 (67.4)
Excellent 14 (30.4) 10 (22.2) 11 (23.9)

Note: The data are reported as number of answers and percentage (%).
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inter-individual variability and a significant + 64% delay (i.e. + 10 min) 
during the lockdown compared to pre-lockdown. We also analyzed 
data on sleep quality and athletes reported significantly lower values 
at T1 compared to pre- and post-lockdown but no changes in total 
sleep time were observed. These results are partially in line with 
previous studies that evaluated sleep characteristics of the Italian 
population during the lockdown: Cellini et al. [11] showed that 
1310 people living in Italy registered delayed bedtime, woke up 
later but also spent more time in bed than usual during home con-
finement and Marelli et al. [26] found also a worsening of sleep 
quality and insomnia symptoms. From a chronobiologic point of view 
the human circadian rhythms and sleep result from the balance 
between the external social time (e.g. work/training hours) and the 
individual’s internal biological time [27]. The shift in bedtime and 
wake-up time observed during the lockdown in our study, indicates 
that sleep timing and training schedules should be adapted in elite 
athletes, when possible, to prevent a possible discrepancy between 
social and biological time.

Sleep is a biological process having essential physiological func-
tions for recovery and physical performance however, elite athletes 
do not often reach the recommended levels of night-time sleep dura-
tion and quality per night [28, 29]. It has been shown that sleep 
restriction could negatively impact both sport-specific and athletic 
performance in different sport disciplines [30–32] and sleep distur-
bances in athletes may be explained by their constant exposure to 
many stressors that impair sleep, such as high-intensity training 
sessions, long-haul travels or high levels of pre-competition 

DISCUSSION 
It is common for high-level athletes to experience changes to sleep 
during competition or during over-reaching or over-training peri-
ods [21]. The present study reveals that such sleep disturbances 
were exacerbated by the unprecedented event of the Covid-19 pan-
demic. Many recent studies investigated changes in physical activ-
ity and sleep in the general population as a result of lockdown and 
home confinement [8, 22, 23]. However, few data are available 
about the impact on training and sleep of elite athletes. One of the 
strengths of this study is that we recruited only elite athletes of 
a single specific sport federation and the results showed lockdown-
induced negative changes to training and sleep. Our initial hypoth-
eses were confirmed. These findings clearly highlight the need to 
develop effective strategies to maintain optimal performance and 
sleep. In fact, until a herd-immunity against SARS-CoV-2 will not be 
achieved, the pandemic containment measures would be protracted 
in the future.

The Covid-19 pandemic and associated restrictions led to sig-
nificant changes in lifestyle habits and daily social schedules. Home 
confinement can reduce the level of exposure to daylight, increase 
sedentary time and the level of stress due to social isolation. All these 
variables, which are the main entrainment factors for biological 
rhythms [24], may ultimately determine changes in humans’ rest-
activity circadian expression and sleep behavior [23, 25]. In the 
present study, we observed a ≃45 min delay in bedtimes and wake-
up times during the lockdown compared to both pre- and post-
lockdown period. Further, subjective sleep latency showed a high 

TABLE 4. Use of electronic device, alcohol and caffeine intake during T0 (pre-lockdown), T1 (lockdown) and T2 (post-lockdown)

T0 T1 T2 Chi-square test (χ2)

Electronic device

Never 5 (5.6) 2 (2.3) 3 (3.4) p = 0.3178

Sometimes 14 (15.7) 18 (20.2) 22 (24.7)

Often 44 (49.5) 33 (37.1) 38 (42.7)

Always 26 (29.2) 36 (40.4) 26 (29.2)

Alcohol

Yes 49 (55.1) 36 (40.4) 45 (50.6) p = 0.1362

No 40 (44.9) 53 (59.6) 44 (49.4)

Intake (days per week) 1.4 ± 0.6 1.9 ± 1.3 1.6 ± 1.1 p = 0.2103*

Caffeine

0 mg 28 (31.5) 28 (31.5) 27 (30.3) p = 0.9901

0–75 mg 13 (14.6) 17 (19.1) 15 (16.9)

75–150 25 (28.1) 23 (25.8) 26 (29.2)

 > 150 mg 23 (25.8) 21 (23.6) 21 (23.6)

Note: The data are reported as number of answers and percentage (%). Alcohol intake is reported as mean ± SD of days of consumption 
per week. *: differences among T0, T1 and T2 are calculated with the Friedman test followed the by Dunn’s multiple comparisons.
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anxiety [33]. Unfortunately, among these variables, it has recently 
been demonstrated that also the home confinement determined by 
the Covid-19 pandemic may negatively influence the sleep of elite 
athletes [34, 35]. To the best of our knowledge, only two studies 
examined the impact of Covid-19 pandemic on sleep and training in 
athletes [13, 36]. Pillay et al [13] investigated with a survey the 
perceptions of elite and semi-elite South African athletes on the 
maintenance of physical conditioning, sleep, nutrition and mental 
health during the pandemic and they observed that a large proportion 
of athletes reported changes in sleep routine whereas no gender 
differences in sleep-wake times and restful sleep were detected. In 
line with these findings, we observed no differences in sleep param-
eters between genders and in short- vs long-term track and field 
disciplines at T0, T1 and T2. These results are however partially in 
contrast with previous studies that reported different sleep-wake 
patterns in male and female subjects and in athletes from various 
sports disciplines [5, 37–40]. Similarly, Facer-Childs et al [36] sur-
veyed how the Covid-19 pandemic affected the lives of elite and 
sub-elite athletes across multiple sports. In comparison to pre-lock-
down, sleep onset and offset times shifted later and the time in bed 
and total sleep time significantly increased during the pandemic. 
Further, there was a 25% increase in sleep latency during lockdown 
which was strongly associated with the time spent on electronic 
devices before bed [36]. In contrast, we did not detect any significant 
increase in the use of electronic devices before bedtime and in alco-
hol or caffeine intake throughout the day during the lockdown (Ta-
ble 4). It is known that alcohol intake may negatively impact sleep 
quality by increasing the amount of stage N1 sleep and reducing 
slow wave sleep [41] and that the consumption of caffeine delays 
sleep onset latency and decreases slow wave sleep [42]. Our results 
are in contrast with previous studies highlighting a negative impact 
of home confinement on alcohol consumption: Stanton and col-
leagues [9] evaluated the associations between psychological distress 
and changes in health behaviors since the onset of Covid-19 in 
Australian adults and they observed that 25% of the sample had an 
increase in alcohol consumption, 40% had sleep problems and both 
these negative behavioral changes were associated with higher de-
pression, anxiety and stress symptoms [9]. Similar results were ob-
served in athletes by Håkansson and colleagues [43] as the 16% of 
the surveyed athletes reported drinking more alcohol during the pan-
demic and the authors showed that increased alcohol intake was 
associated with concerns over about one’s future in sports but not 
with other covariates (i.e., anxiety, depression or gambling) [43] (cit). 
In our study, elite athletes were possibly resilient to the negative 
effects of lockdown on alcohol and caffeine intake. Therefore, one of 
the possible explanation for the worsening of sleep behavior in elite 
athletes may be related to the outdoor light exposure. Exposure to 
daylight was inevitably reduced during the home confinement and 
this reduction during wakefulness has been shown to negatively 
impact subsequent sleep [44]. Lastly, no differences in sleep behav-
ior were observed between athletes resident in the “most-infected” 

versus “less-infected “regions; this might be explained by ubiquitous 
containment measures that led athletes to experience identical lock-
down circumstances.

In regard to physical activity levels, the Covid-19 lockdown im-
pacted on athletes following a J-shaped curve at the mirror, i.e. 
a bimodal one with two bumps. In fact, the national restrictions 
imposed a drastic reduction of overall athletes’ activities (T0 > T1), 
with a recovery afterward (T2 > T1). In detail, our results showed 
a significant change in the volume and frequency of training sessions 
during the lockdown: elite athletes trained less frequently and for 
shorter periods of time compared to pre-lockdown values (-33% of 
training hours per week). During the lockdown, a large proportion of 
athletes (80.5%) used specific sports material to train (treadmills, 
steppers, stationary bikes, dumbbells, and barbells) whereas the 
remaining 19.5% performed body-weight exercises and the sessions 
mainly (56.4%) consisted of combined (cardio and resistance) train-
ing. Sixty-seven percent of the study sample performed exercise in 
outdoor settings without breaking the law (garden, backyard or area 
near the house) whereas only 2 athletes (2.3%) totally suspended 
their training routine. In view of future lockdowns, delivering spe-
cific sports material at every athlete’s home in advance could poten-
tially reduce the risk of detraining [40, 44]. Nevertheless, the re-start 
at T2 was not sufficient to match pre-lockdown physical activity 
levels. The re-opening of the sport centers and the return to specific 
training sessions did not bring the training volume back to normal 
levels since some restrictive measures have been introduced follow-
ing the lockdown: in sports centers the entrances have been sched-
uled in order to maintain proper distancing among athletes, leading 
to limitations in training time. This might explain a resumed training 
frequency mismatching training volume. Our results are in line with 
the study by Facer-Child et al. [36] where the authors reported 
a significant reduction in the number of training sessions per week 
during home confinement and a decrease in the duration of training 
sessions in sub-elite and elite athletes. Similarly, Pillay et al. [13] 
observed that South-African athletes decreased both duration and 
intensity of training during the lockdown highlighting the negative 
impact of Covid-19 on physical and mental health.

Physical exercise is an essential component of professional ath-
letes’ life and a reduction of training volume is inevitably linked to 
detraining and therefore represents a big issue for their performance 
and health too [45]. It has been ascertained that the levels of phys-
ical activity significantly affect sleep behaviors and the quality of 
sleep and that changes in societal- and work-schedules lead to al-
terations in sleep [46, 47]. Considering that physical activity consti-
tutes the core of the job for elite athletes, one can understand the 
adjunctive and summing effect of the described conditions. Irremedi-
ably, the training volume of the athletes was decreased in the time-
between and has to be re-shaped and “re-thought” under such un-
precedented situation. A significant change in the critical variables 
of the training sessions (frequency, duration, and timing) confirms 
the need for such an extraordinary flexibility of the athletes. The 
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no inter-group differences were detected in sleep characteristics be-
tween short- and long-term disciplines and between genders and no 
differences in training volume were detected during the lockdown in 
relation to the square footage of the house. Alcohol and caffeine 
intake and use of electronic devices were similar pre-, during, and 
post-lockdown.

Practical Applications
With continuous spikes in Covid-19 cases in Italy and with the gov-
ernment reinstituting local/regional lockdowns, these results provide 
important insights to better manage sleep and training in a popula-
tion for whom optimal performance is essential. Future studies should 
assess mental health and cognitive performances in athletes during 
home confinement. Under lockdown circumstances athletes and their 
coaching staff should enhance sleep hygiene strategies to maintain 
the correct sleep-wake patterns [52, 53] and plan a priori training 
sessions. The ultimate aim would be to avoid training load fluctua-
tions potentially increasing the injury risk factors [54]. In addition, 
to assist elite athletes in case of further lockdowns, strength coach-
es should encourage setting goals during training periods. In fact, 
goal setting has proved to be effective in increasing motivation and 
reducing anxiety in sport [52, 54]. In conclusion, given the previous 
experience with the 2011 lockdown in the NFL where athletes were 
exposed to a greater injury risk [55], a sport-specific stepwise return 
to training is advised.
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psychosocial mechanisms behind these athletes’ responses can be 
quite similar to those delineated for the general population [8]. 
Given the companion involvement of other psychosocial and mood 
moderators (anxiety, depression, stress), it stands obvious for athletes, 
as we have already demonstrated for the general population [8], that 
the key element for coping with such a situation is the autonomous 
motivation. In fact, when individuals whose motivation to enact 
physical activity is self-determined have positive attitudes toward 
exercise. Conversely, when motivation is external, athletes are less 
supported and would have worst attitudes.

Some limitations of this study should be acknowledged. First, we 
only collected self-reported data such that objective information on 
sleep and physical activity parameters, such as heart rate variability, 
wrist actigraphy, and hormone profiles (e.g., cortisol, serotonin, 
melatonin) are lacking. Second, we used five selected questions of 
the PSQI to assess sleep parameters and no validated questionnaires 
were used to evaluate alcohol and caffeine intake; Third, since it was 
not possible to foresee the Covid-19 pandemic, we had to collect 
data about the pre-lockdown period by retrospective self-report which 
could be subjected to recall bias; nevertheless, our study procedures 
are similar to other works that evaluated sleep with surveys during 
the Covid-19 pandemic in athletes [13, 36]. Fourth, athletes’ nap-
ping behavior was not evaluated; recent studies reported an increased 
napping frequency and duration in the general population during the 
lockdown [48] and it is known that a diurnal nap is an advantageous 
intervention to enhance recovery process and counteract the negative 
effect of partial sleep deprivation on physical and cognitive perfor-
mance in athletes [49–51].

CONCLUSIONS 
In summary, the Covid-19 lockdown measures determined a sig-
nificant decrease in training volume and frequency along with a wors-
ening in sleep quality, sleep latency, and a delay in bedtimes and 
wake-up times in elite Italian track and field athletes. Nevertheless, 
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SUPPLEMENTARY MATERIALS

FIG. S1. Histograms report means with 95% CI of physical activity and sleep parameters for females (red) and males (blue) athletes. 
*: p < 0.05; **: p < 0.01; ***: p < 0.0001.

FIG. S2. Histograms report means with 95% CI of physical activity and sleep parameters for short-term (yellow) and long-term (green) 
disciplines. *: p < 0.05; **: p < 0.01; ***: p < 0.0001.


