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Purpose: Lifestyle and work habits have been drastically altered by restrictions due to the 
COVID-19 pandemic. Whether the associated changes in sleep timing modulate the risk of 
suffering from symptoms of insomnia, the most prevalent sleep disorder, is however incom-
pletely understood. Here, we evaluate the association between the early pandemic-associated 
change in 1) the magnitude of social jetlag (SJL) – ie, the difference between sleep timing on 
working vs free days – and 2) symptoms of insomnia.
Patients and Methods: A total of 14,968 anonymous participants (mean age: 40 years; 
64% females) responded to a standardized internet-based survey distributed across 14 
countries. Using logistic multivariate regression, we examined the association between the 
degree of social jetlag and symptoms of insomnia, controlling for important confounders like 
social restriction extension, country specific COVID-19 severity and psychological distress, 
for example.
Results: In response to the pandemic, participants reported later sleep timing, especially during 
workdays. Most participants (46%) exhibited a reduction in their SJL, whereas 20% increased it; 
and 34% reported no change in SJL. Notably, we found that both increased and decreased SJL, as 
a result of the COVID-19 pandemic, were associated with later sleep midpoint (indicating a later 
chronotype) as well as more recurrent and moderate-to-severe symptoms of insomnia (about 23– 
54% higher odds ratio than subjects with unchanged SJL). Primarily those with reduced SJL 
shifted their bedtimes to a later timepoint, compared with those without changes in SJL.
Conclusion: Our findings offer important insights into how self-reported changes to the 
stability of sleep/wake timing, as reflected by changes in SJL, can be a critical marker of the 
risk of experiencing insomnia-related symptoms – even when individuals manage to reduce 
their social jetlag. These findings emphasize the clinical importance of analyzing sleep-wake 
regularity.
Keywords: BNSQ, ISI, midsleep, MSFsc, PHQ-4, psychological distress

Introduction
Stay-at-home orders and broad societal changes have greatly altered the degree 
of day-to-day social interactions and work schedules during the COVID-19 pan-
demic. This has been demonstrated to alter sleep schedules as well as the degree of 
social jetlag (SJL, the mismatch in sleep midpoint between work and free days) at 
the population-level.1–7 How this is related to sleep disorders, such as insomnia, has 
however remained largely unexplored.

Leone et al4 found that age and work status modulate the extent to which 
bedtime and wake-up time were altered during the early part of the COVID-19 

Nature and Science of Sleep 2021:13 1711–1722                                                           1711
© 2021 Brandão et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 6 July 2021
Accepted: 12 August 2021
Published: 6 October 2021

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ o

n 
16

-J
un

-2
02

2
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-8672-7870
http://orcid.org/0000-0003-2399-5138
http://orcid.org/0000-0002-1222-6678
http://orcid.org/0000-0001-5385-4091
http://orcid.org/0000-0002-8649-8895
http://orcid.org/0000-0002-1294-8734
http://orcid.org/0000-0003-2297-2778
http://orcid.org/0000-0003-1168-480X
http://orcid.org/0000-0001-9576-3606
http://orcid.org/0000-0002-1051-0472
http://orcid.org/0000-0003-0683-6506
http://orcid.org/0000-0003-4538-5381
http://orcid.org/0000-0003-3613-6631
http://orcid.org/0000-0001-8219-2912
http://orcid.org/0000-0002-3009-3565
http://orcid.org/0000-0002-5745-5474
http://orcid.org/0000-0003-0196-5421
http://orcid.org/0000-0001-7414-9017
http://orcid.org/0000-0002-8182-9368
http://orcid.org/0000-0002-8911-4068
http://orcid.org/0000-0001-7051-745X
http://orcid.org/0000-0002-9052-8372
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Department of Sleep-Wake Disorders, Tokyo, 
Japan; 18Tokyo Women’s Medical University, 
Department of Psychiatry, Tokyo, Japan; 
19Department of Psychology, Sapienza 
University of Rome, Rome, Italy; 20IRCCS 
Fondazione Santa Lucia, Rome, Italy; 21IRCCS 
Istituto delle Scienze Neurologiche di Bologna, 
Bologna, Italy; 22Department of Emergency 
Medicine, Medical University of Gdansk, 
Gdansk, Poland; 23Department of Psychiatry 
and Behavioral Sciences, Baylor College of 
Medicine, Houston, TX, USA; 24Li Chiu Kong 
Family Sleep Assessment Unit, Department of 
Psychiatry, Faculty of Medicine, The Chinese 
University of Hong Kong, Hong Kong SAR, 
People’s Republic of China; 25Brain Institute, 
Federal University of Rio Grande do Norte, 
Natal, RN, Brazil; 26Physiology and Behaviour 
Department, Federal University of Rio Grande 
do Norte, Natal, RN, Brazil; 27Onofre Lopes 
University Hospital, Federal University of Rio 
Grande do Norte, Natal, RN, Brazil; 
28Department of Somnology, Tokyo Medical 
University, Tokyo, Japan; 29Helsinki Sleep Clinic, 
Vitalmed Research Center, Terveystalo Biobank 
and Research, Helsinki, Finland; 30Department 
of Neurosciences, Clinicum, University of 
Helsinki, Helsinki, Finland; 31Sleep Science 
Laboratory, Department of Neuroscience, 
Uppsala University, Uppsala, Sweden; 
32Department of Global Public Health and 
Primary Care, University of Bergen, Bergen, 
Norway; 33Norwegian Competence Center for 
Sleep Disorders, Haukeland University 
Hospital, Bergen, Norway; 34Department of 
Medicine, Division of Endocrinology, 
Metabolism, and Molecular Medicine, Feinberg 
School of Medicine, Northwestern University, 
Chicago, IL, USA 

pandemic. Younger subjects shifted their sleep timing more during the COVID-19 
pandemic.1,4,7

Those who started to work from home or who were unemployed/laid-off during 
the COVID-19 pandemic also shifted their sleep timing to a later timepoint (as well 
as their chronotype, as measured by the midpoint of sleep on free days corrected for 
sleep debt on workdays - MSFsc). Overall, sleep duration seems to have increased 
across countries on working days, whereas its timing has been delayed during the 
early part of the pandemic.2–7

Even though SJL and sleep duration have improved during the early part of the 
COVID-19 pandemic, some studies have found evidence for reduced sleep 
quality.3,5,6,8 More detailed analyses of the underlying relationship remains to be 
carried out, especially as later bedtimes associated with the COVID-19 pandemic 
may also promote more negative components of mood, which typically is at its 
lowest point later in the night; relatedly, insomnia and depression are intimately 
intertwined.9,10 Some studies have reported that SJL is inversely associated with 
sleep quality,11,12 but the findings so far are inconsistent.13 In a larger German 
study, the evening-oriented chronotype (predicted by MSFsc) was negatively cor-
related with sleep quality and mental wellbeing.12 Other findings suggest that SJL 
may not be related to depressive symptoms, even in a relatively large set of healthy 
controls.14 However, such analyses have not been able to assess the dynamics in 
such associations, given that SJL and sleep problems (such as symptoms of 
insomnia) have not been assessed over time or in response to stressors. 
Furthermore, the lack of robust correlations between SJL and parameters such as 
wellbeing and mental health, may be due to heterogeneous samples that vary 
according to geographical sampling site, and that lack the ability to take age- 
specific characteristics into account.15 Thus, in spite of the large proportion of 
society that may experience significant (≥2 hours) social jetlag on a weekly basis,16 

studies are currently lacking to ascertain the possible relationship between SJL and 
clinically relevant sleep problems.

The COVID-19 pandemic presents a unique global, large-scale societal shift 
across many facets of life, for examining long-term changes in sleep habits, 
circadian timing of sleep, and the relation to sleep problems. In particular, studies 
are warranted to examine changes in symptoms of insomnia – the most frequent 
sleep disorder – which may have increased in prevalence during the COVID-19 
pandemic.17 Herein, we sought to investigate the relationship between changes in 
social jetlag amid versus before the COVID-19 pandemic, and the risk of self- 
reported symptoms of insomnia. Our hypothesis was that a) those reporting a lower 
absolute level of SJL, and b) those exhibiting a notable reduction in SJL as a result 
of the pandemic, would have a reduced likelihood of reporting symptoms of 
insomnia.

Materials and Methods
The International COVID-19 Sleep Study (ICOSS) is a collaboration that assesses 
a variety of sleep aspects to evaluate different types of sleep-wake disorders and 
other symptoms affected by prolonged social confinement. The detailed protocol 
has previously been described.18 This research was conducted according to the 
Declaration of Helsinki, and all countries obtained ethical approval or exemptions  
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in keeping with national research governance and regula-
tions (see more details in Table S1). Data collection 
occurred between 01st May 2020 and 07th September 
2020 in several places across the world (ie Austria, 
Canada, China (Jilin and Hong Kong, in the northeastern 
and southeastern regions of China, respectively), Finland, 
France, Germany, Italy, Japan, Norway, Poland, Sweden, 
United Kingdom, and United States of America) with the 
survey being translated according to each region's main 
language. For the present analysis, we assessed sleep 
timing reports to calculate SJL as the difference in sleep 
midpoint (ie, the clock time between sleep onset and 
waking up) on work vs free days, before and during the 
pandemic. Differences between SJL before and during 
were also computed and were used to categorize our 
cohort into three groups: “Unchanged” (respondents 
with no changes in SJL), “Increased” (respondents with 
positive changes in SJL), and “Reduced” (respondents 
with negative changes in SJL).

Data were first filtered to exclude respondents who did 
not answer any item of the evaluated questions (eg, sleep 
time and sleep-related problems), extreme sleep durations 
(threshold defined according to the interquartile rule with 
constant equal 2 – respondents that sleep less than 3 hours 
or more than 13 hours), and erroneous responses (eg, 
bedtime occurred only a few hours later than wake-up 
time). The final filtering resulted in a 42.56% reduction 
of the data set and included data from 14 regions (see 
Table S2).

The US cohort was the only one where participants 
were reimbursed to answer the questionnaire. To deter-
mine whether this introduced bias, a sensitivity analysis 
was performed with and without the US cohort, for the 
logistic regressions. Germany’s cohort was excluded for 
the entire analysis due to a delayed data collection in 
comparison to other regions. The Swedish cohort was 
excluded from the analysis for the Basic Nordic Sleep 
Questionnaire analysis, due to missing data for one of 
the subquestions.

Before the analysis, data were weighted by sex to 
equalize the proportion of respondents from both sexes, 
for each region. Respondent's diurnal preference was also 
assessed via a simplified chronotype question (“Are you 
a morning- or evening-type person?”) that classifies sub-
jects into one of five categories: definitively morning per-
son, more morning than evening person (moderate 
morning type), neither morning or evening person (inter-
mediate type), more evening than morning person 

(moderate evening type), and definitively evening 
person.19 To complement this diurnal preference evalua-
tion of our SJL shift groups, we also inferred chronotype 
by the standardized measure “midsleep on free days sleep 
corrected” (MSFsc).20 The MSFsc is a measure based on 
the sleep midpoint on free days adjusted for the sleep 
deficit accumulated on previous workdays. The sleep def-
icit is calculated as half of the difference between sleep 
duration on free days and the averaged sleep duration 
across the whole week (for more details see).20

Insomnia status was assessed by two different psycho-
metric instruments: the Basic Nordic Sleep Questionnaire 
(BNSQ) and the Insomnia Severity Index (ISI). The BNSQ 
has been extensively validated to evaluate a variety of sleep 
complaints, focusing on their prevalence, incidence, and 
severity.21 Given that we obtained responses to BNSQ for 
values corresponding to both before (“pre-pandemic”) and 
during (“pandemic”) the pandemic, we could analyze how 
this variable changed across time (“Shift”). We focused on 
specific BNSQ items in order to examine, in relation to our 
overall hypothesis, how changes in SJL were associated 
with the frequency of insomnia symptoms occurring in 
response to the COVID-19 pandemic. Specifically, we 
selected three items of the BNSQ (frequency of sleep 
onset, sleep maintenance, and early awakening problems), 
to evaluate and score the respondent’s symptoms of insom-
nia before and during the pandemic.22 The ISI instrument 
was additionally used to assess the severity of respondent’s 
current sleep problems, such as the difficulty to falling and 
staying asleep, waking up too early in the morning, as well 
as the respondent’s sleep dissatisfaction, difficulties with 
daytime functioning, noticeability of sleep problems by 
others, and distress caused by sleep problems during the 
last two weeks prior to the survey.23 All items from both the 
BNSQ and ISI were rated using a 5-point Likert scale (eg, 
for the BNSQ: 0 = never experienced, 4 = daily; for ISI: 0 = 
no problems, 4 = very severe problems). The total scores 
ranged from 0 to 12, and from 0 to 28, for the BNSQ and 
ISI instruments, respectively. Additionally, Cronbach’s 
alpha was also calculated to measure the sub-items’ internal 
consistency for the BNSQ (three items) and ISI (seven 
items) in our survey. Correlations between BNSQ and ISI 
scores were performed, followed by Fisher’s z-transforma-
tion to look for discrepancies across regions.

We used logistic multivariate regression analysis to 
assess the relationship between our three SJL groups and 
the frequency, or severity of, symptoms of insomnia (as 
assessed via the BNSQ and ISI instruments, 
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respectively). Responses to the BNSQ and the ISI were 
dichotomized as binary categories and used as the main 
outcome (dependent variables) to assess how the change 
in SJL (main predictor) in response to the COVID-19 
pandemic was correlated with the risk of having symp-
toms of insomnia at the time of answering the question-
naire. For that, we categorized values for the BNSQ 
during the pandemic, as “Sporadic” (total sum scores 
below or equal to 6 points) or “Recurrent” (total sum 
scores higher than 6 points) insomnia symptoms groups. 
The same rationale was used for ISI scores: subjects 
were categorized as belonging to “Mild” (for total sum 
scores below or equal to 14 points) or “Moderately 
severe” (total sum scores higher than 14 points) groups 
in terms of symptoms of insomnia. The regression ana-
lyses were first run as an unadjusted model, and then in 
a model adjusted for sex, age at the time of the survey, 
SJL before the pandemic, educational level, and the 
extent of reported social restriction. Educational level 
and social restriction were rated as a 6-point Likert 
scale. Educational level ranged from 1 to 6 where 1 = 
primary or lower secondary education, 2 = secondary 
education or high school, 3 = vocational training after 
leaving school, 4 = university bachelor’s or equivalent 
level, 5 = master’s or equivalent level, and 6 = doctoral 
or equivalent level. Social restriction instead ranged 
from 0 to 5 where 0 = no restriction, 1 = two weeks or 
less, 2 = 3 to 4 weeks, 3 = 5 to 6 weeks, 4 = 7 to 8 
weeks, and 5 = more than 8 weeks. We additionally 
controlled our analysis for daylength, country-specific 
COVID-19 severity and the reported level of psycholo-
gical distress. Daylength was calculated considering the 
median date of the survey collection period in each 
region. The country-specific COVID-19 severity was 
evaluated as the cumulative sum of cases (at the moment 
of the survey) per one hundred thousand inhabitants for 
each region. We decided to use this variable since the 
temporal dynamics in the number of cases and deaths 
among regions can negatively impact mood, and, conse-
quently, sleep quality of respondents.24 Psychological 
distress was measured through the Patient Health 
Questionnaire for Depression and Anxiety (PHQ-4), 
a brief screening scale which merges two subscales for 
evaluation of depression (GAD-2) and anxiety (PHQ-2). 
The total sum of those subscales range from 0 to 12 and 
has been found to be significantly associated with 
respondent’s perception of distress.25,26 Regression 
results are presented as odds ratio (OR) and respective 

95% confidence interval (CI) (ie, OR [lower and upper 
limit]).

Non-parametric tests like Wilcoxon signed-rank test, 
Mann–Whitney’s U-test, and the Kruskal–Wallis H-test 
were used to account for the assumption of non-normally 
distributed data. Significance was set at P<0.05 and 
reported as two-sided P-values unless specified otherwise. 
Pearson’s chi-squared test and adjusted residuals were 
computed to evaluate if sex or social restriction proportion 
differences did not arise by chance. A locally weighted 
regression (ie, non-parametric, locally estimated scatter-
plot smoothing – LOESS – regression) was also imple-
mented to understand and reveal trends between SJL 
parameters before and during the pandemic. 
Neighborhood size was controlled and adjusted to 95% 
of the entire data for the locally weighted regression. All 
statistical analyses, variable computation, and graphs were 
done using the R software (v 4.0.3), with the packages 
survey27 (v 4.0), DescTools (v 0.99.42) and the ggplot228 

(v 3.3.3). Group comparison results are presented as med-
ian and interquartile range (ie, median [1st, 3rd interquar-
tile]), or as mean and standard deviation as detailed for 
each section.

Results
Differences in SJL During vs Before the 
COVID-19 Pandemic
Based on their sleep midpoint on weekends vs free days, 
respondents indicated that they overall had significantly 
reduced SJL during compared with before the COVID-19 
pandemic (SJL before: 00:59 ± 01:10; during: 00:41 ± 
01:07 hours, Figure 1A). Using local polynomial regres-
sion, we observed that, in general, respondents who 
reported pre-pandemic SJL values that exceeded 19 min, 
were those who exhibited a decrease in SJL during the 
pandemic (Figure 1C). Of note, whereas the majority of 
respondents (46%) thus reported a reduction in SJL 
(−00:58 ± 00:56 hours) in response to the COVID-19 
pandemic, nearly a third (34%) reported no change in 
SJL, and 20% reported increased SJL (00:44 ± 01:01 
hours) (Figure 1B).

SJL Shift Groups and Their Particular 
Characteristics
As summarized in Table 1, compared with the 
unchanged SJL group, subjects who reported either an 
increase or decrease in their SJL in response to the 
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pandemic, exhibited significantly greater SJL before the 
pandemic (indicating reduced regularity in sleep timing). 
They were also more often women, younger, more often 
reported having a university education, had experienced 
more weeks in confinement, and were geographically 
located in regions with longer photophase (ie, period 
of light during a day-night cycle) at the time of the 
survey, compared with subjects from the unchanged 
SJL group. Those who reported later MSFsc values – 
either before or during the pandemic – or lived in 
regions where the COVID-19 pandemic was more 
severe, as well as those who reported more psychologi-
cal distress, were significantly more prevalent in the 
increased and reduced SJL groups, compared with the 
unchanged SJL group (Table 1). The later MSFsc values 
in the two shifted SJL groups, was also reflected by 

descriptively more subjects with evening chronotypes 
(ie, moderate and definitively evening types) in those 
two groups, compared with the unchanged SJL group.

Differences in sleep timing were also observed 
between the three SJL groups across the pandemic. 
Before the pandemic, respondents from the increased and 
reduced SJL groups reported significantly later waking 
times and longer sleep durations than the unchanged 
group during work and free days. In this same pre- 
pandemic period, respondents from the reduced SJL 
group went to bed and woke up significantly later than 
both unchanged and increased SJL groups during free 
days.

In response to the pandemic, individuals in the 
increased and reduced SJL groups still reported signifi-
cantly later waking times and longer sleep durations when 

Figure 1 Difference in social jetlag before and during the COVID-19 pandemic in the studied 14 regions. 
Notes: (A) Social jetlag before and during the COVID-19 pandemic; (B) Social jetlag change. Boxplots (solid lines) illustrate the median and interquartiles; whereas violin 
plots (dashed lines) illustrate the data distribution; (C) Scatterplot of social jetlag before (x-axis) versus during (y-axis) the pandemic. The change in social jetlag is 
represented by the plot colors purple, green and white for positive, negative and no change, respectively; LOESS smoothed line in blue; No change in SJL also represented by 
the diagonal black line; the orange circle indicates the intercept between LOESS regression and diagonal line. ***P<0.001, Wilcoxon signed-rank test; r: effect size.
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Table 1 Main Characteristics of Respondents Within Different Social Jetlag Categories

Social Jetlag Shift Categories

Unchanged Increased Reduced

Number of Respondents 6555 3804 8811

General characteristics 95% CI 95% CI 95% CI
% Men 56.3a - 48.0a - 46.2a -

% Women 43.7a - 52.0a - 53.8a -
% Definitively Morning-types 19.7 - 17.1 - 13.3 -

% Moderate Morning-types 22.3 - 20.8 - 22.6 -

% Intermediate-types 27.9 - 23.3 - 21.3 -
% Moderate Evening-types 20.5 - 26.3 - 27.6 -

% Definitively Evening-types 9.5 - 12.5 - 15.2 -

% Subjects reporting social restriction 36.1a - 51.3a - 57.3a -
Social restriction level 0 (0, 2) 1b (0, 4) 1b,c (0, 5)

Age at the time of the survey (years) 42 (30, 56) 36b (26, 49) 35b,c (25, 47)

Educational level at the time of the survey† 4 (3, 5) 4b (3, 5) 4b (3, 5)
Daylength (hours) at the time of the survey 15.2 (14.6, 16.1) 15.3b (14.6, 16.1) 15.3b,c (14.6, 16.2)

Country-specific COVID-19 severity 117 (14, 239) 228b (14, 425) 228b,c (117, 425)

Symptoms of Insomnia 95% CI 95% CI 95% CI
BNSQ before the pandemic 2 (0, 4) 3b (1, 5) 3b (1, 5)

BNSQ during the pandemic 2 (0, 5) 4b (1, 7) 4b (1, 7)
BNSQ change (during – before) 0 (0, 0) 0b (0, 2) 0b,c (0, 3)

ISI during the pandemic 5 (2, 10) 8b (4, 13) 8b (4, 13)

Psychological distress 95% CI 95% CI 95% CI
PHQ-2 (depression component) score 0 (0, 2) 2b (0, 2) 2b,c (0, 3)

GAD-2 (anxiety component) score 1 (0, 2) 2b (0, 3) 2b,c (0, 3)
PHQ-4 total score 1 (0, 4) 3b (1, 5) 3b,c (1, 6)

Social jetlag (hh:mm) SD SD SD
Before the pandemic 00:38 (00:58) 00:35 (01:21) 01:25b,c (01:05)

During the pandemic 00:38 (00:58) 01:19b (01:20) 00:27b,c (00:59)

Change (during – before) 00:00 (00:00) 00:44b (01:01) −00:58b,c (00:56)
MSFsc before the pandemic 03:39 (01:35) 03:49b (01:35) 04:23b,c (01:29)

MSFsc during the pandemic 03:45 (01:47) 04:26b (01:57) 04:27b (01:56)

Sleep timing (hh:mm) SD SD SD
Bedtime on workdays (before the pandemic) 23:21 (01:32) 23:29 (01:37) 23:15b,c (01:22)

Waking time on workdays (before the pandemic) 06:44 (01:30) 07:04b (01:38) 06:47b,c (01:19)
Sleep duration on workdays (before the pandemic) 07:23 (01:17) 07:35b (01:14) 07:32b (01:16)

Bedtime on free days (before the pandemic) 23:40 (01:34) 23:37 (01:45) 00:06b,c (01:33)
Waking time on free days (before the pandemic) 07:39 (01:47) 08:06b (01:46) 08:45b,c (01:42)

Sleep duration on free days (before the pandemic) 07:58 (01:26) 08:28b (01:24) 08:38b,c (01:24)

Bedtime on workdays (during the pandemic) 23:25 (01:37) 23:20b (01:46) 00:03b,c (01:54)
Waking time on workdays (during the pandemic) 06:48 (01:39) 06:56b (01:41) 07:56b,c (02:05)

Sleep duration on workdays (during the pandemic) 07:22 (01:25) 07:35b (01:28) 07:50b,c (01:33)

Bedtime on free days (during the pandemic) 23:46 (01:39) 00:12b (01:56) 00:16b (01:59)
Waking time on free days (during the pandemic) 07:42 (01:55) 08:39b (02:07) 08:38b (02:08)

Sleep duration on free days (during the pandemic) 07:55 (01:31) 08:25b (01:34) 08:20b (01:37)

Notes: General characteristics and symptoms of insomnia are presented as percentage or median and interquartile range. Social jetlag and sleep timing are presented as 
mean and standard deviation. Data were weighted by sex to equalize the proportion of respondents from both sexes, for each region. †1 = primary or lower secondary 
education, 2 = secondary education or high school, 3 = Vocational training after leaving school, 4 = university bachelor’s or equivalent level, 5 = master’s or equivalent level, 
and 6 = doctoral or equivalent level. aP<0.001, for Pearson’s chi-squared test, followed by adjusted residual analysis, significant differences across the three groups. bP<0.001, 
for Mann–Whitney’s U-test comparing Increased or Reduced vs Unchanged group. cP<0.001, for Mann–Whitney’s U-test comparing Increased vs Reduced. 
Abbreviations: BNSQ, Basic Nordic Sleep Questionnaire; GAD-2, Generalized Anxiety Disorder 2-item; ISI, Insomnia Severity Index; MSFsc, midsleep on free days sleep 
corrected; PHQ-2, Patient Health Questionnaire-2; PHQ-4, Patient Health Questionnaire-4; SD, standard deviation; 95% CI, 95% confidence interval.
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compared with the unchanged group, during both work-
days and free days. Notably, during workdays, respondents 
from the reduced SJL group delayed their bedtime signifi-
cantly more, whereas the increased SJL group advanced 
their sleep timing, compared with the unchanged group 
(Table 1). Noteworthy, both the increased and reduced SJL 
groups exhibited later MSFsc, before as well as during the 
pandemic, compared with the unchanged group.

Both the BSNQ and ISI instruments revealed high internal 
consistency (Cronbach’s alpha for BNSQ and ISI equal to 0.86 
and 0.90, respectively). The responses to these instruments 
were furthermore highly correlated across all countries, with 
similar correlations across the different countries (and transla-
tions), as determined by Fisher Z-scores (Table S3). When 
exploring the differences in the frequency of insomnia symp-
toms between the different SJL groups, we observed that 
subjects who had either reduced or increased their SJL, 
reported higher scores for the BNSQ (indicating more frequent 
episodes of insomnia) compared with those who showed no 
changes as a result of the pandemic (Table 2 and Figure 2A 
and B). Regarding the severity of the symptoms of insomnia 
(ie, the ISI scores), respondents with increased or reduced SJL 
reported more severe symptoms of insomnia compared with 
the unchanged group (Table 2 and Figure 2C). These associa-
tions (both for the BNSQ and ISI) were somewhat attenuated 
in our adjusted model (adjusted for sex and age at the time of 
the survey, SJL before the pandemic, educational level, social 
restriction, country-specific Covid severity and psychological 
distress), but still remained significant. Furthermore, our 

adjusted models improved our goodness-of-fit (as reflected 
by higher Pseudo-R2 values, BNSQ: unadjusted = 0.015, 
adjusted = 0.233; ISI: unadjusted = 0.025, adjusted = 0.277; 
Table 2). A full description of the unadjusted odds ratios for all 
covariates is listed in Table S4.

A subsequent sensitivity analysis did not show signifi-
cant differences in either logistic regression odds ratios or 
fitness – for the association between SJL group and symp-
toms of insomnia – after removal of the US cohort 
(Table S5), or after processing data without weighting for 
respondents’ sex (Table S6).

Discussion
As a result of the COVID-19 pandemic, respondents in our 
multinational survey reduced the differences in sleep tim-
ing between workdays and free days – ie, their social 
jetlag (SJL) – by almost 18 minutes. However, subjects 
with either increased or reduced SJL in response to the 
pandemic had between 23% and 54% higher odds ratio of 
experiencing more frequent or severe symptoms of insom-
nia, compared with those who did not report any change in 
their SJL.

Despite not having directly evaluated either severity or 
frequency of symptoms of insomnia, other studies have 
associated the pandemic-associated reduction in SJL with 
worse sleep quality.3,5,6,8 In a survey of subjects from 
Austria, Germany and Switzerland, Blume et al5 observed 
reduced SJL as well as a slight reduction in their self-reported 
sleep quality, increased subjective burden and lower mental 

Table 2 Logistic Regression of the Association of Insomnia Severity and the Presence of a Reported Shift in the Amount of Social 
Jetlag from Before to During the Early Part of the COVID-19 Pandemic in 2020

Unadjusted 
OR

95% CI Adjusted OR 95% CI

Lower Upper Lower Upper

Recurrent insomnia (defined as a BNSQ score >6)

Unchanged SJL 1.00 1.00 1.00 1.00 1.00 1.00

Increased SJL 1.59 1.39 1.83 1.23 1.05 1.44

Reduced SJL 1.70 1.52 1.90 1.27 1.11 1.46

Moderately severe insomnia (defined as an ISI score >14)

Unchanged SJL 1.00 1.00 1.00 1.00 1.00 1.00

Increased SJL 1.98 1.70 2.31 1.54 1.28 1.86

Reduced SJL 2.16 1.90 2.46 1.54 1.31 1.81

Notes: Adjusted odds ratios (ORs) were controlled for respondents’ sex and age at the time of the survey, SJL before the pandemic, educational level, social restriction, 
country-specific covid severity and psychological distress. We additionally controlled for the length of the day when the respondent filled out the survey. Unchanged SJL 
group was settled as the reference. Pseudo-R2 (Nagelkerke method) for non-adjusted and adjusted models: BNSQ: 0.015 and 0.234; ISI: 0.025 and 0.277, respectively. 
Abbreviations: BNSQ, Basic Nordic Sleep Questionnaire; ISI, Insomnia Severity Index; SJL, social jetlag; OR, odds ratio; 95% CI, 95% confidence interval.
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and physical wellbeing, during the pandemic. Based on our 
analysis, we advocate for a more nuanced analysis of how the 
pandemic may have affected sleep in humans.

A critical aspect for considering factors that contribute 
to the risk and long-term changes in the prevalence of 
symptoms of insomnia, is not only the amount of SJL, 
but also how sleep/wake rhythms are temporally aligned to 
the external light-dark cycle. Typically, positive compo-
nents of mood peak in the morning whereas the negative 
components peak at circadian night.9,10 Herein we 
observed that participants also shifted their bedtime to 
later hours – an effect mainly observed during workdays, 
as previously reported, to be more in line with the week-
end timing. Thus, even though a reduction in SJL may, in 
general, be considered a positive feature, a shift to later 
bedtimes may possibly have resulted in an increase in 
negative components of mood, and thereby explain the 

observed increase in both the frequency and severity of 
insomnia even in the group that exhibited a reduced SJL in 
response to the pandemic. In essence, participants who 
were able to reduce their SJL may have done so at the 
expense of later bed- and wakeup times.

Previous studies have noted that later chronotype is 
associated with more pronounced symptoms of 
insomnia.29,30 This may be due to altered brain metabo-
lism in the prefrontal cortex and striatum.31 An overall 
shift during the pandemic toward an evening preference – 
represented by a delayed sleep schedule – may represent 
an exogenous mechanism by which worsened mood and 
sleep arise by increasing the desynchrony between a more 
delayed sleep schedule and the external light-dark cycle, 
which is still dictated by solar time.

Maintaining a regular sleep schedule with regular bed 
and wake times is important for achieving adequate sleep. 

Figure 2 Insomnia status of the respondents from the different social jetlag groups (ie, Unchanged, Increased and Reduced) in response to the COVID-19 pandemic. 
Notes: (A) BNSQ scores during the pandemic; (B) Change in BNSQ scores; (C) ISI scores during the pandemic. Boxplots (solid lines) illustrate the median and 
interquartiles, whereas the violin plots (dashed lines) illustrate the data distribution. *P<0.05, ***P<0.001, Mann–Whitney’s U-test. r: effect size.
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Importantly, greater variability in bed and wake time has 
been observed in people with insomnia.32–34 This may 
explain why subjects who reported increased SJL in 
response to the pandemic, may have exhibited higher 
odds of experiencing more frequent and severe episodes 
of insomnia, compared with the group that did not exhibit 
a change in SJL. In this context, it is important to highlight 
that many in both the increased and reduced SJL groups 
already presented recurrent symptoms of insomnia before 
the pandemic, and that these symptoms worsened during 
the pandemic. Morin et al35 reported from a large cohort, 
evaluated during five consecutive years, that subjects with 
higher baseline insomnia had a greater risk of persistent 
sleep disturbances and persisting insomnia. It would there-
fore be of clinical relevance to be able to follow-up how 
persistent or plastic the increase in sleep issues in certain 
groups are in response to the pandemic, and whether 
a shift to earlier bedtimes may alleviate some of the 
observations made herein in those with altered SJL.

Our findings also shows that those who reported 
changes in SJL in response to the pandemic, also had 
experienced more and longer restrictions related to the 
COVID-19 pandemic. On the positive side, this may 
have allowed for greater flexibility in their daily social 
schedules (eg, by being able to work from home, having 
reduced working hours). On the negative side, such socie-
tal restrictions may add stress that could at least partially 
account for the increased symptoms of insomnia found 
herein, in those who were able to shift their sleep/wake 
habits to be less different in timing between free and 
working days. Thus, such stress may possibly partially 
negate the possible beneficial impact of reduced sleep 
timing variability.

Moreover, recent studies have found that the COVID- 
19 pandemic may have increased the incidence of 
impaired mood and sleep.17,36,37 In two Italian cohort 
studies,6,8 decreased/poor sleep quality has been observed 
to be associated with a higher prevalence of symptoms of 
depression, anxiety, and stress. In this sense, despite cano-
nically considering a reduction in SJL as a marker of 
improved sleep and well-being,12 the psychological burden 
associated with the COVID-19 pandemic, could in sum 
explain why even reduced levels of SJL – at least as herein 
early in the pandemic – were associated with worse symp-
toms of insomnia and sleep quality. Our data corroborate 
these previous findings, since we find that those with 
changes in the extent of social jetlag reported higher levels 
of psychological distress. Another factor that could 

contribute to this type of sleep irregularity and impaired 
sleep quality is an increase in the use of digital media, 
a parameter which we did not assess. Others have however 
noted that during the pandemic, use of digital media near 
bedtime has increased across all age groups.1,6 

Furthermore, it is known that light at night, especially 
blue light that often dominates the light spectrum emitted 
by electronic devices, may contribute to disrupted evening 
melatonin secretion, which may promote delayed sleep 
onset and impaired objective sleep parameters.38,39

An overall decrease in SJL as a result of the COVID- 
19 pandemic, has been observed in prior studies.2–7,40 In 
an Argentinian cohort, Leone et al4 reported that subjects 
slept longer and later during lockdown (on weekdays), 
exhibiting lower levels of SJL (decreased by 54 min-
utes). In another international survey across 40 countries, 
Korman et al2 reported an overall reduction in SJL of 30 
minutes. In the US, Wright et al7 reported a SJL reduc-
tion of 18 minutes in a young cohort of university 
students. Another recent study from the US, authored 
by Rezaei and Grandner,40 highlighted an overall 
increase in sleep duration and delayed sleep phase 
(mainly during workdays), which contributed to 
a reduction in SJL across all age groups and both 
sexes. Our present study results build upon these prior 
findings, but also add a clinically relevant sleep aspect 
that may be worth considering when evaluating changes 
in SJL.

Strengths and Limitations
Several strengths apply to our study. Our findings are 
robust to adjustment for important confounders, such as 
daylight length, which affects sleep timing,41 and that we 
report data from countries spanning several continents. 
Another strength is that our findings were highly consis-
tent across two widely used insomnia scales, regarding the 
association of changes in SJL and symptoms of insomnia.

Despite these strengths, several limitations apply. We did 
not have access to data reported over several days, and our 
one-timepoint data are as such more prone to recall bias. 
Moreover, varying response rate between survey sites, after 
data filtering, may have impacted the extent of which our 
results are generalizable across the studied regions. We also 
lack more accurate methods to ascertain sleep midpoint, such 
as sleep determined by actigraphy or polysomnography. Such 
data could also have helped to inform us about the timing of 
physical activity and environmental light exposure, which 
may have modified our results, as reduced physical activity 
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may also have contributed to impaired mood during the 
COVID-19 pandemic.37 Sleep timing can indeed be greatly 
influenced by 24-h light exposure at the individual level, 
a parameter that is hard to assess from questionnaire data. 
While we tried to adjust for daylength around the time of the 
survey, we cannot rule out that some of our results – like all 
results based on recall spanning recent months – could be 
prone to bias due to seasonal changes. This may be of greater 
relevance in more northerly or southerly regions where tem-
perature, humidity and daylength vary considerably across the 
seasons.

Conclusion
Our findings reveal how changes in social jetlag may be 
linked to the risk of reporting symptoms of insomnia. In 
particular, we highlight how the consistency of sleep, as 
reflected by changes in the degree of social jetlag, may be 
important to consider when determining how social jetlag – 
compared with the actual timing of sleep – are associated 
with the risk of experiencing novel-onset or persistence of 
symptoms of insomnia, the worldwide most prevalent 
sleep disorder.
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