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The COVID-19 pandemic [1] resulted in 
many countries imposing a lockdown, 
which in turn reduces sunlight exposure 
and alters daily social schedules. 
Since these are the main entrainment 
factors for biological rhythms [2], we 
hypothesized that the lockdown may 
have affected sleep and circadian 
rhythms. We indeed show that 
participants slept longer and later during 
lockdown weekdays, and exhibited 
lower levels of social jetlag. While this 
may seem to be an overall improvement 
of sleep conditions, chronotype was 
also delayed under the lockdown. This 
signature of a weaker light–dark cycle 
should be monitored attentively since 
it may progressively cause disruptive 
effects on sleep and circadian rhythms, 
affecting human performance and health 
[3].

We analyzed a database of 25,000 
respondents of a detailed circadian/
sleep survey in Argentina. We compared 
sleep duration, quality and timing, 
social jetlag and chronotype between 
control and lockdown conditions 
(Figure 1 and Table S1 in Supplemental 
Information, published with this article 
online) of 1,021 subjects that completed 
questionnaires both before and during 
the pandemic. Sleep onset and offset 
were delayed during the lockdown, but 
only on weekdays (Figure 1, Table S1). 
The delay in the offset was greater 
than the onset; thus, weekday sleep 
duration was longer during the lockdown. 
Only 37.30% of participants did not 
reach the recommended 7h of sleep 
[4] on weekdays during the lockdown 
compared to 60.24% under control 
conditions. Furthermore, social jetlag 
(the sleep timing difference between 
free and weekdays) decreased during 
the lockdown (Figure 1D, Table S1), 
indicating that sleep schedules became 

more consistent throughout the week. 
In keeping with this, the number of 
subjects using alarm clocks (36.14% 
versus 73.16%, p < 0.0001) or taking 
naps (48.09% versus 58.08%, p < 
0.0001) decreased during lockdown 

Correspondence

weekdays (Supplemental Results). The 
lockdown, however, did not affect sleep 
quality, measured through the Pittsburg 
Sleep Quality Index (PSQI score) (Z = 
2.722, p = 0.0065, r = 0.0602). Finally, 
we measured chronotype using the 
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Figure 1. Lockdown is associated with later and longer sleep on weekdays, lower levels of 
social jetlag and a delayed chronotype.
(A) Histograms of sleep onset, offset and duration on weekdays (WD) during control and lock-
down conditions. On weekdays, sleep onset occurs 56min later and sleep offset occurs 1h35min 
later during lockdown. On average, subjects slept from 00:35 to 07:13h on control weekdays and 
from 01:31 to 08:48h on lockdown weekdays. Sleep duration on weekdays is 39min longer under 
lockdown (6.631h versus 7.277h). (B) Schema of main variables analyzed on both week and free 
days (FD). (C) Histograms of sleep onset, offset and duration on free days under control and 
lockdown conditions. (D) Two-dimensional histogram of social jetlag during control and lockdown 
conditions. Social jetlag decreases by 54min during lockdown (1.790h versus 0.885h). (E) Two-
dimensional histogram of chronotype (midpoint of sleep on free days, sleep corrected, or MSFsc) 
during control and lockdown conditions. Chronotype is 36min later during lockdown (05:16 ver-
sus 05:52). Sleep onset, offset and MSFsc chronotype are presented as local time, whereas sleep 
duration and social jetlag are presented as number of hours. Only statistically signifi cant and 
relevant differences are reported (p < 0.001 and Cohen’s d < 0.4; Table S1). 
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MSFsc (midpoint of sleep on free days, 
sleep  corrected), which was found to be 
signifi cantly delayed during the lockdown 
(Figure 1E, Table S1). A second proxy, 
the MEQ (Morningness-Eveningness 
Questionnaire) score, did not change, 
but this could be predicted since effects 
on diurnal preferences (MEQ score) are 
expected to lag behind those in sleep 
timing (MSFsc).

We then measured how demographic 
and social factors affect sleep. Younger 
subjects exhibited both later sleep onset 
and offset on weekdays, longer sleep 
duration on weekdays, higher social 
jetlag and later chronotype. The effects 
of lockdown on sleep and chronotype 
were much larger on younger subjects 
(Figure S1). This is quantifi ed by main 
effects of age and an interaction with 
condition (lockdown or control) on 
all variables. With regard to working 
status, this factor had main effects 
and interacted with condition for all 
dependent variables (Figure S1F–J). 
Participants who changed their working 
status exhibited larger differences in 
sleep and chronotype. The percentage 
of subjects not reaching the minimum 
recommended levels of sleep duration 
on weekdays decreased from 61.01% to 
35.01% in the group who worked from 
home during lockdown, but continued to 
be high for those who worked outside in 
both conditions (72.92% versus 68.42%). 
Those who did not work outside during 
the lockdown improved their sleep, 
but their chronotype became more 
delayed. Finally, while we found that both 
cohabitation status and longitude had 
main effects on sleep onset on weekdays 
and chronotype, the effect was 
comparable during lockdown and control 
conditions (Supplemental Results). 

Our results demonstrate a signifi cant 
effect of the lockdown imposed during 
the COVID-19 pandemic on sleep and 
chronotype parameters. While some 
parameters appear to be improved, with 
longer sleep duration on weekdays and 
a decreased social jetlag (indicating a 
less variable sleep timing), chronotype 
was signifi cantly delayed. One could 
speculate that this might be associated 
with changes in lifestyle associated with 
weaker social cues (e.g. mainly work 
and school schedules, which became 
more fl exible, delayed or even absent) 
and a lower exposure to light in the 
morning (and/or a higher exposure 
in the evening hours) refl ecting a drift 

from regular entrainment. While people 
signifi cantly decreased their sleep 
debt by about 40 minutes a day on 
weekdays, the sleep duration during free 
days did not shorten at all. It is possible 
that sleep debt was smaller but not 
completely absent during the lockdown; 
however, our results suggest there 
was no direct compensation between 
sleep debt on weekdays and recovery 
on free days. Objective measures of 
sleep and circadian rhythms, as well 
as light exposure, seem imperative to 
determine the consequences of all these 
simultaneous changes. 

Sleep and chronotype exhibit 
developmental changes: sleep duration 
decreases, and social jetlag and 
chronotype show a peak at the end of 
adolescence [5,6]. Our results support 
these main effects, showing that age 
interacts with lockdown: younger 
subjects experienced larger changes 
in sleep and chronotype than older 
ones. The magnitude of the lockdown-
induced changes depended on subjects’ 
working status: changes in the working 
schedule regulated how much sleep and 
chronotype were affected during the 
lockdown. Those subjects who started to 
work from home or those who stopped 
working slept more and exhibited less 
social jetlag and later chronotypes than 
those who continued working outside 
during lockdown. This result is important 
because the COVID-19 outbreak offers 
the unique opportunity to evaluate how 
sleep is affected depending on working 
schedules, since it is likely that work 
and school schedules will be affected 
chronically after the lockdown period is 
completed.

A recent survey in Italy indicated that 
sleep timing was signifi cantly changed 
during the lockdown, with longer sleep 
times, a clear phase delay and a lower 
sleep quality [7]. This correlated with 
higher levels of depression and anxiety, 
which was also found in China during 
the enforced lockdown period [8]. An 
important strength of our work is that 
we evaluated not only sleep but also 
chronotype in the same subjects under 
both control and lockdown conditions. 
Additionally, the whole country was 
equally and globally enforced to adopt 
the mandatory confi nement on the 
same date (March 20th, 2020). Finally, 
the large size and the distribution of 
ages, geographical locations and 
characteristics of work and cohabitation 

status of our sample also allow us to 
evaluate which predictors modulate 
the impact of lockdown on the general 
population. Since sleep and circadian 
entrainment affect the immune system 
[9,10], the maintenance of healthy sleep 
and circadian rhythms might serve as 
a protective strategy against infectious 
diseases. It is quite likely that these 
quarantine measures will extend into the 
coming months, and even years, making 
this analysis necessary and timely for 
psychological and physical wellbeing 
recommendations.

SUPPLEMENTAL INFORMATION

Supplemental Information contains one fi gure, 
one table, results, and experimental procedures, 
all of which can be found with this article online 
at https://doi.org/10.1016/j.cub.2020.07.015.

REFERENCES

 1.  Wang, C., Horby, P.W., Hayden, F.G., and 
Gao, G.F. (2020). A novel coronavirus outbreak of 
global health concern. The Lancet 395, 470–473.

 2.  Skeldon, A.C., Phillips, A.J., and Dijk, D.J. (2017). 
The effects of self-selected light-dark cycles and 
social constraints on human sleep and circadian 
timing: a modeling approach. Sci. Rep. 7, 45158.

 3.  Roenneberg, T., and Merrow, M. (2016). The 
circadian clock and human health. Curr. Biol. 26, 
R432–R443.

 4.  Hirshkowitz, M., Whiton, K., Albert, S.M., 
Alessi, C., Bruni, O., DonCarlos, L., Hazen, N., 
Herman, J., Adams Hillard, P.J., Katz, E.S., et al. 
(2015). National Sleep Foundation’s updated sleep 
duration recommendations: fi nal report. Sleep 
Health 1, 233–243.

 5.  Roenneberg, T., Kuehnle, T., Pramstaller, P.P., 
Ricken, J., Havel, M., Guth, A., and Merrow, M. 
(2004). A marker for the end of adolescence. Curr. 
Biol. 14, R1038–1039.

 6.  Roenneberg, T., Allebrandt, K.V., Merrow, M., and 
Vetter, C. (2012). Social jetlag and obesity. Curr. 
Biol. 22, 939–943.

 7.  Cellini, N., Canale, N., Mioni, G., and Costa, S. 
(2020). Changes in sleep pattern, sense of time 
and digital media use during COVID-19 lockdown 
in Italy. J. Sleep Res. 29, e13074.

 8.  Li, Y., Qin, Q., Sun, Q., Sanford, L.D., 
Vgontzas, A.N., and Tang, X. (2020). Insomnia 
and psychological reactions during the COVID-19 
outbreak in China. J. Clin. Sleep Med. doi: 
10.5664/jcsm.8524

 9.  Mehra, R., and Teodorescu, M. (2018). Sleep, 
circadian disruption, and microbial-immune 
interactions: a new frontier. Chest 154, 740–742.

 10 . Irwin, M.R., Olmstead, R., and Carroll, J.E. 
(2016). Sleep disturbance, sleep duration, and 
infl ammation: a systematic review and meta-
analysis of cohort studies and experimental sleep 
deprivation. Biol. Psychiatry 80, 40–52.

1Universidad Torcuato Di Tella / CONICET, 
Laboratorio de Neurociencia, C1428BIJ 
Buenos Aires, Argentina. 2Universidad Nacional 
de Quilmes / CONICET, Laboratorio de 
Cronobiología, Departamento de Ciencia y 
Tecnología, B1876BXD Bernal, Buenos Aires, 
Argentina. 3Facultad de Lenguas y Educación, 
Universidad Nebrija, Madrid, Spain. 
*E-mail: mleone@utdt.edu


