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eTOC blurb: COVID-19 lockdown induced severe changes in light exposure and social cues. 1 

Leone et al. show that sleep is later and longer on weekdays, with lower social jetlag during 2 

lockdown compared with a controlcondition, in the same subjects (n=1021). Sleep quality is not 3 

affected but chronotype is later, which might eventually lead to desynchronization.  4 

 5 
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The COVID-19 pandemic [1] resulted in many countries imposing a lockdown, which in turn 24 

reduces sunlight exposure and social daily schedules. Since these are main entrainment factors 25 

for biological rhythms [2], we hypothesized that lockdown may affect sleep and circadian 26 

rhythms. We show indeed that participants slept longer and later during lockdown weekdays, 27 

with lower levels of social jetlag. While this may seem as an overall improvement of sleep 28 

conditions, chronotype is also delayed under lockdown. This signature of a weaker light-dark 29 

cycle should be monitored attentively since it may progressively result in disruptive 30 

consequences on sleep and circadian rhythms, affecting human performance and health [3]. 31 

 32 

We analyzed a database of 25,000 respondents of a detailed circadian/sleep survey in 33 

Argentina. We compared sleep duration, quality and timing, social jetlag and chronotype 34 

between control and lockdown conditions (Figure 1, Table S1) of 1021 subjects that completed 35 

questionnaires both before and during the pandemic. 36 

Sleep onset and offset were delayed during lockdown only on weekdays (Figure 1, Table S1). 37 

The delay in the offset was greater than in the onset: weekdays sleep duration was longer 38 

during lockdown. Only 37.30% of participants did not reach the recommended 7h of sleep [4] in 39 

weekdays during lockdown compared to 60.24% under control conditions. 40 

 41 

Social jetlag (sleep timing difference between free and weekdays) decreased during lockdown 42 

(Figure 1D, Table S1), indicating that sleep schedules became more consistent throughout the 43 

week. Consistently, the number of subjects using alarm clocks (36.14% versus 73.16%, 44 

p<.0001) or taking naps (48.09% versus 58.08%, p<.0001) decreased during lockdown 45 

weekdays (Supplemental Results) . The lockdown, however, did not affect sleep quality, 46 
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measured through the Pittsburg Sleep Quality Index (PSQI score) (Z=2.722, p=0.0065, 47 

r=0.0602). 48 

We measured chronotype using MSFsc (the midpoint of sleep on free days, sleep corrected; 49 

based on sleep timing), which was significantly delayed during lockdown, and MEQ 50 

(Morningness-Eveningness Questionnaire; based on daily preferences) score, which did not 51 

change (Figure 1E, Table S1 ). 52 

 53 

We then measured how demographic and social factors affect sleep in all variables which 54 

showed robust effects of lockdown.  55 

Younger subjects exhibited both later sleep onset and offset on weekdays, longer sleep 56 

duration on weekdays, higher social jetlag and later chronotype. The effects of lockdown on 57 

sleep and chronotype were much larger on younger subjects (Figure S1) . This is quantified by 58 

main effects of Age and an interaction with Condition (Lockdown or Control) on all variables.  59 

Working status had main effects and interacted with Condition for all dependent variables 60 

(Figure S1, F-J) . Participants who changed their working status exhibited larger differences in 61 

sleep and chronotype. The percentage of subjects not reaching the minimum recommended 62 

levels of sleep duration on weekdays decreased from 61.01% to 35.01% in the group who 63 

worked from home during lockdown, but it continued high for those who worked outside in both 64 

conditions (72.92% versus 68.42%). Those who did not work outside during lockdown improved 65 

their sleep, but their chronotype became more delayed.  66 

 67 
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While we found that both Cohabitation status and Longitude had a main effects on sleep onset 68 

on weekdays and chronotype, the effect was comparable during lockdown and control 69 

conditions (Supplemental Results ).  70 

Our results demonstrate a significant effect of the lockdown imposed during the COVID-19 71 

pandemic on sleep and chronotype parameters. While some parameters appear to be 72 

improved, with longer sleep duration on weekdays and a decreased social jetlag (indicating a 73 

less variable sleep timing), chronotype was significantly delayed. One could speculate that this 74 

might be associated with changes in lifestyle associated with weaker social cues (e.g. mainly 75 

work and school schedules, which became more flexible, delayed or even absent) and a lower 76 

exposure to light in the morning (and/or a higher exposure in the evening hours) reflecting a drift 77 

from regular entrainment. While people significantly decreased their sleep debt by about 40 78 

minutes a day on weekdays, the sleep duration during free days did not shorten at all. It is 79 

possible that sleep debt is smaller but not completely absent during lockdown; however, our 80 

results suggest there is no direct compensation between sleep debt on weekdays and recovery 81 

on free days. However, objective measures of sleep and circadian rhythms, as well as light 82 

exposure, seem imperative to determine the consequences of all these simultaneous changes.  83 

 84 

Sleep and chronotype exhibit developmental changes: sleep duration decreases, and social 85 

jetlag and chronotype show a peak at the end of adolescence [5, 6]. Our results support these 86 

main effects, showing that age interacts with lockdown: younger subjects experienced larger 87 

changes in sleep and chronotype than older ones. The magnitude of the lockdown-induced 88 

changes depended on subjects’ working status: changes in the working schedule regulated how 89 

much sleep and chronotype are affected during lockdown. Those subjects who started to work 90 
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from home or those who stopped working slept more and exhibited less social jetlag and later 91 

chronotypes than those who continued working outside during lockdown. This result is 92 

important because the COVID-19 outbreak offers the unique opportunity to evaluate how sleep 93 

is affected depending on working schedules, since it is likely that work and school schedules 94 

will be affected chronically after the lockdown period is completed. 95 

 96 

A recent survey in Italy indicated that sleep timing was significantly changed, with longer sleep 97 

times, a clear phase delay and a lower sleep quality [7]. This correlated with higher levels of 98 

depression and anxiety, also found in China during the enforced lockdown period [8]. An 99 

important strength of our work is that we evaluated not only sleep but also chronotype in the 100 

same subjects under both control and lockdown conditions. Additionally, the whole country was 101 

equally and globally enforced to adopt the mandatory confinement on the same date (March 102 

20th, 2020). Finally, the large size and the distribution of ages, geographical locations and 103 

characteristics of work and cohabitation status of our sample also allow us to evaluate which 104 

predictors modulate the impact of lockdown on the general population. Since sleep and 105 

circadian entrainment affect the immune system [9, 10], healthy sleep and circadian rhythms 106 

might contribute as a protective strategy against infective diseases. It is quite likely that these 107 

quarantine measures will extend into the following months, and even years, making this 108 

analysis necessary and timely for psychological and physical wellbeing recommendations. 109 

 110 

 111 

 112 

 113 
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Figure 1. Lockdown is associated with later and lon ger sleep on weekdays, lower levels 114 

of social jetlag and a delayed chronotype. A.  Histograms of sleep onset, offset and duration 115 

on weekdays during control and lockdown conditions. On weekdays, sleep onset occurs 56min 116 

later and sleep offset occurs 1h35min later during lockdown. On average, subjects slept from 117 

00:35to 07:13h on control weekdays and from 01:31 to 08:48h on lockdown weekdays. Sleep 118 

duration on weekdays is 39min longer under lockdown (6.631h versus 7.277h).B. Schema of 119 

main variables analyzed on both week and free days. C. Histograms of sleep onset, offset and 120 

duration on free days under control and lockdown conditions. D. Two-dimensional histogram of 121 

social jetlag during control and lockdown conditions. Social jetlag decreases by 54min during 122 

lockdown (1.790h versus 0.885h). E. Two-dimensional histogram of chronotype (Midpoint of 123 

sleep on free days, sleep corrected, or MSFsc) during control and lockdown conditions. 124 

Chronotype is 36min later during lockdown (05:16 versus 05:52).Sleep onset, offset and MSFsc 125 

chronotype are presented as local time. Sleep duration and Social jetlag, as amount of hours. 126 

MSFsc: midpoint of sleep on free days (sleep corrected). Only statistically significant and 127 

relevant differences are reported (p<0.001 and Cohen’s d<0.4, see Table S1). WD: weekdays, 128 

FD: free days.  129 

 130 
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