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ORIGINAL ARTICLE
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ABSTRACT
The present study had two main aims. First, to investigate whether shift/night workers had a higher 
prevalence and severity of COVID-19 compared with day workers. Second, to investigate whether 
people regularly working in face-to-face settings during the pandemic exhibited a higher preva-
lence and severity of COVID-19 compared with those having no need to be in close contact with 
others at work. Data consisted of 7141 workers from 15 countries and four continents who 
participated in the International COVID Sleep Study-II (ICOSS-II) between May and 
December 2021. The associations between work status and a positive COVID-19 test and several 
indications of disease severity were tested with chi-square tests and logistic regressions adjusted for 
relevant confounders. In addition, statistical analyses were conducted for the associations between 
face-to-face work and COVID-19 status. Results showed that shift/night work was not associated 
with an increased risk of COVID-19 compared to day work. Still, shift/night workers reported higher 
odds for moderate to life-threatening COVID-19 (adjusted odds ratio (aOR) = 2.71, 95%-confidence 
interval = 1.23–5.95) and need for hospital care (aOR = 5.66, 1.89–16.95). Face-to-face work was 
associated with an increased risk of COVID-19 (aOR = 1.55, 1.12–2.14) but not with higher disease 
severity. In conclusion, shift/night work was not associated with an increased risk of COVID-19, but 
when infected, shift/night workers reported more severe disease. Impaired sleep and circadian 
disruption commonly seen among shift/night workers may be mediating factors. Working face-to- 
face increased the risk of COVID-19, likely due to increased exposure to the virus. However, face-to- 
face work was not associated with increased disease severity.
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Introduction

Shift work is associated with several negative health 
outcomes, including increased risk of infections 
(Kecklund and Axelsson 2016; Rizza et al. 2021; 
Salehinejad et al. 2022). Even though the underlying 
pathophysiological mechanisms behind this higher risk 
remain unclear, studies indicate that shift work may 
negatively impact the immune system, possibly as 
a result of interrelated sleep problems and circadian 
disruption (Besedovsky et al. 2019; Bjorvatn et al. 2020; 
Kecklund and Axelsson 2016; Liu et al. 2021). Sleep of 
adequate duration and quality is assumed to reduce the 
risk of infectious diseases and improve infection out-
comes (Besedovsky et al. 2019; Lee and Glickman 2021; 
Robinson et al. 2021; Salehinejad et al. 2022). This 
notion is supported in a recent study using two large 
population cohorts, where an insomnia diagnosis cau-
sally predisposed for influenza, upper respiratory infec-
tions and severe COVID-19 (Jones et al. 2022). Studies 
suggest that prolonged sleep impairment (e.g., long- 
term short sleep duration and sleep disturbances) can 
lead to chronic, systemic low-grade inflammation and is 
associated with a multitude of diseases (Besedovsky et al.  
2019; Irwin et al. 2016). Still, the association between 
shift work and infectious diseases is understudied but of 
special interest now during the COVID-19 pandemic.

Lim and colleagues reviewed the hypothesis that shift 
workers may be at increased risk of COVID-19 and 
discussed the role of the circadian rhythm and melato-
nin (Lim et al. 2020). However, very few studies have 
specifically addressed whether shift workers do, in fact, 
have a higher prevalence and severity of COVID-19. In 
a study with more than 18,000 participants from the UK 
Biobank cohort, people working at night had a higher 
prevalence of COVID-19 than others with an odds ratio 
of 1.85 (Fatima et al. 2021). One major limitation of that 
study was that data on work schedule was obtained 
several years before the pandemic started, thus making 
the association between shift work and risk of COVID- 
19 uncertain. In a smaller Italian study among 1180 
health care workers, night work and obesity were asso-
ciated with higher odds of COVID-19 (Rizza et al. 2021). 
The study included only 30 participants who reported 
having had COVID-19.

Based on these shortcomings in previous studies on 
shift work and COVID-19, the present study involving 
more than 7000 workers from 15 countries across four 
continents had two main aims. First, to investigate 
whether shift/night workers had a higher prevalence 
and severity of COVID-19 compared with day workers. 
Second, to investigate whether people regularly working 

in close proximity to other people (face-to-face) exhib-
ited a higher prevalence and severity of COVID-19 than 
those having no need to be in close contact with others 
at work. Shift workers, e.g., health care workers, may 
work in closer proximity to other people than non-shift 
workers, and we therefore adjusted for face-to-face work 
when investigating the risk of COVID-19 among shift/ 
night workers. We hypothesized a higher prevalence and 
severity of COVID-19 among shift/night workers and 
among those working in face-to-face settings.

Materials and methods

Study design and participants

The International COVID Sleep Study (ICOSS) is an 
international collaboration with sleep and circadian 
rhythm experts across four continents (Europe, Asia, 
North America, and South America). The collaboration 
was established in March 2020 during the beginning of 
the COVID-19 pandemic (Partinen et al. 2021). The 
present study is based on data from the second wave of 
the ICOSS (ICOSS-II) (Merikanto et al. 2022). Data were 
collected between May and December 2021 in 16 coun-
tries: Austria, Brazil, Bulgaria, Canada, China 
(Hong Kong), Croatia, Finland, France, Germany, 
Israel, Italy, Japan, Norway, Portugal, Sweden, and 
USA. A total of 15 813 people agreed to participate 
and completed an extensive questionnaire online. In 
the present study, data from USA (n = 933) were 
excluded due to these participants being younger 
(mean age 20 years). In addition, 85 participants who 
did not report country were excluded. Furthermore, 
since we were only interested in the working population, 
we excluded 3869 individuals who were not working at 
the time of completing the questionnaire (students, 
unemployed, retired, at home, temporary laid off) and 
3785 who had missing data on working status. This 
resulted in a study sample of 7141 respondents.

The online survey was implemented through differ-
ent online platforms across countries, most commonly 
by Qualtrics (https://www.qualtrics.com). The survey 
was promoted through e.g., newspapers, university com-
munication systems, social media platforms (e.g., 
Facebook, Twitter, Instagram), sleep societies’ websites 
and other professional societies and organizations. The 
complete survey took about 20–40 minutes to complete, 
depending on whether the participant reported having 
had COVID-19 or not.

Subjects voluntarily and anonymously took part in 
the survey. To access the questions, participants had to 
give their consent to participate, and they needed to be 
at least 18 years of age. Participants did not receive any 
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monetary compensation. General data protection regu-
lations were enforced to ensure privacy and confidenti-
ality. This research was conducted according to the 
Declaration of Helsinki, and all countries obtained ethi-
cal approval or exemptions in keeping with national 
research governance and regulations. The study adhered 
to the ethical standards and methods outlined by 
Portaluppi et al. (2010).

Survey items analyzed in the present study

The participants responded to a question about their 
present work situation with the following eight response 
options: Student; Regular day work; Irregular day work/ 
freelancer/artist/research; Shift work/night work; 
Unemployed; Retired; At home (no salary); and 
Temporary laid off. Only participants currently working 
were included in the analyses, leaving a variable with 
three categories: Regular day work; Irregular day work/ 
freelancer/artist/research (named Non-regular day 
work); and Shift/night work. Furthermore, participants 
responded to a question about whether they had been 
working in face-to-face contact with other people during 
the pandemic with the following six response options: 1. 
Patient care (nurse, physician, other); 2. Other health or 
social care; 3. Personal services (barber, waiter, barten-
der, other); 4. Other jobs with contact with other people; 
5. No need to be in close contact with other people; and 
6. I have not been working or this question does not fit 
me well. For the present study, this variable was dichot-
omized (yes, including response options 1–4; no, 
response option 5).

The following socio-demographic data were col-
lected: Age (18–99 years), gender (male; female; 
other), marital status (cohabiting (married/relation-
ship); single (including single/divorced/separated/ 
widowed)), race/ethnicity (Caucasian/white; Asian; 
African; Hispanic; other), highest attained education 
(primary/elementary/lower secondary school; second-
ary school/high school/vocational school; university/ 
college/or above), children at home (living alone; living 
with children under age 18). Weight and height were 
self-reported, and body mass index (BMI) was calcu-
lated as weight in kilograms divided by the square of 
height in meters. Obesity was defined as BMI ≥30 kg/ 
m2. Habitual nocturnal sleep duration and sleep need 
were self-reported from drop-down menus, and sleep 
debt (≤2 hour versus >2 hour) was calculated based on 
the difference between sleep duration and sleep need. 
Furthermore, the participants indicated their COVID- 
19 vaccination status (no vaccination; one vaccination, 
two vaccinations).

COVID-19 status

All participants self-reported if they had tested positive 
for COVID-19 (no; yes). Participants with positive 
COVID-19 status were further asked about disease 
severity using the following five response options: No 
marked symptoms (no fatigue, fever, coughing or any 
other noticeable symptoms to indicate illness except 
possibly a loss of smell/taste); Mild symptoms (e.g., 
cough, fever, muscle pains etc. but no pneumonia) that 
disappeared quite soon; Moderate disease (receiving 
different medications as a treatment, non-severe pneu-
monia, but no received extra-oxygen); Severe disease 
(receiving extra-oxygen, severe pneumonia, IV lines 
attached); and Life-threatening disease (invasive ventila-
tion or maximum available respiratory support, IV lines 
attached, sepsis, heart attack, stroke, embolism, acute 
respiratory distress syndrome). For the present study, 
this severity variable was dichotomized into ‘no marked 
symptoms/mild symptoms’ versus ‘moderate/severe/ 
life-threatening disease.’ The highest level of care 
received during the acute phase of COVID-19 was indi-
cated by the following six response options: At home/ 
self-care/over-the-counter medications; At home/outpa-
tient/telemedicine; Hospital ward: no oxygen therapy; 
Hospital ward: oxygen therapy; ICU admission: oxygen 
therapy/noninvasive ventilation; and ICU admission: 
intubated/invasive ventilation. This level of care variable 
was dichotomized into ‘no hospitalization’ (first two 
response options) versus ‘hospitalization/ICU’ (last 
four response options). Participants with positive 
COVID-19 status also reported how many weeks (from 
onset of symptoms) it took to return to the same level of 
daily functioning as before having the infection (drop-
down menu: one week or less; two weeks; three weeks, 
and so on until more than 40 weeks/still persisting). This 
symptom duration variable was dichotomized into ‘less 
than 8 weeks’ versus ‘8 weeks or more.’

Statistics

Data were analyzed with Stata/SE version 17.0 
(StataCorp, USA). We used chi-square tests to compare 
the risk of positive COVID-19 status, moderate to life- 
threatening disease, hospitalization, and symptom dura-
tion of ≥8 weeks across work status. Furthermore, we 
estimated odds ratio (OR) with 95% confidence interval 
(CI) for positive COVID-19 status, moderate to life- 
threatening disease, hospitalization, and symptom dura-
tion of ≥8 weeks using logistic regressions. While the 
analyses regarding the risk of positive COVID-19 status 
included all participants, the analyses for the other out-
comes, only participants with positive COVID-19 status 
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were considered. We applied three statistical models. In 
the crude model, only the exposure of interest was 
included. In model 1, we adjusted for age (age and 
age squared to account for a non-linear association), 
sex, marital status, highest attained education, ethni-
city, and children living at home. In model 2, we 
additionally adjusted for obesity, vaccination status, 
and face-to-face work (face-to-face work was only 
adjusted for when including work status as the 
main exposure), as these factors may influence 
COVID-19 status. Analyses were weighted using the 
population age and sex distribution of each country 
(making the samples more representative of the 
population of each country). Supplementary Table 1 
shows work status by country, and Supplementary 
Table 2 shows the age and sex distribution of the 
sample by country. In all statistical analyses, weight-
ing and stratification were accounted for using the 
svy command in Stata. The significance level was set 
to p ≤ .05.

Results

Table 1 presents the characteristics of the study sample. 
On average, shift/night workers (8.2% of the sample) 
were younger, had lower educational level, were more 
often involved in face-to-face work, and had more often 
received two vaccine doses compared to regular day 
workers (76.9% of the sample) and non-regular day 
workers (14.9% of the sample). Furthermore, 26.5% of 
the shift/night workers reported a sleep debt of >2 hour 
compared with 15.7% of the regular day workers and 
13.3% of the non-regular day workers (Table 1).

A total of 1134 participants reported that they had 
tested positive for COVID-19 (15.9%). The prevalence 
of COVID-19 was 22.5% among shift/night workers as 
compared to 17.3% among non-regular day workers and 
17.0% among regular day workers (Table 2). These dif-
ferences in COVID-19 status were not significant (chi- 
square, p-value 0.087). Working face-to-face with other 
people during the pandemic was significantly associated 
with positive COVID-19 status (p < .01, Table 2).

Table 1. Characteristics of total study sample and by work status, not weighted and stratified.
Total sample 

(n = 7141)
Regular day work 
(n = 5491; 76.9%)

Non-regular day work1 

(n = 1065; 14.9%)
Shift/night work 
(n = 585; 8.2%) p-value2

Age, mean (sd), n = 7141 43.7 (12.4) 43.8 (12.1) 45.0 (13.6) 40.7 (12.6) <0.001
Sex, n = 7139 (column %) 0.090

Male 2487 (34.8) 1927 (35.1) 380 (35.8) 180 (30.8)
Female 4652 (65.2) 3564 (64.9) 683 (64.3) 405 (69.2)

Marital status, n = 7134 (column %) <0.001
Single 2487 (34.9) 1816 (33.1) 444 (41.7) 227 (38.9)
Cohabiting 4647 (65.1) 3670 (66.9) 620 (58.3) 357 (61.1)

Ethnicity, n = 7105 (column %) 0.002
Caucasian/White 4625 (65.1) 3572 (65.4) 666 (62.8) 387 (66.5)
Asian 1965 (27.7) 1531 (28.0) 298 (28.1) 136 (23.4)
African 59 (0.8) 39 (0.7) 15 (1.4) 5 (0.9)
Hispanic 127 (1.8) 86 (1.6) 24 (2.3) 17 (2.9)
Other 329 (4.6) 235 (4.3) 57 (5.4) 37 (6.4)

Highest attained education, n = 6893 (column %) <0.001
Primary/elementary/lower secondary school 195 (2.8) 136 (2.6) 33 (3.1) 26 (4.6)
Secondary school/high school/vocational school 1890 (27.4) 1363 (25.9) 293 (27.8) 234 (41.1)
University, College or above 4808 (69.8) 3772 (71.6) 727 (69.0) 309 (54.3)

Children at home, n = 4842 (column %) 0.002
No 1698 (35.1) 1269 (33.9) 292 (40.8) 137 (36.1)
Yes 3144 (64.9) 2477 (66.1) 424 (59.2) 243 (64.0)

Sleep debt, n = 7095 (column %) <0.001
≤2 hour 5945 (83.8) 4601 (84.3) 916 (86.7) 428 (73.5)
>2 hour 1150 (16.2) 856 (15.7) 140 (13.3) 154 (26.5)

Obesity (BMI ≥30), n = 7127 (column %) 0.168
No 6011 (84.3) 4603 (84.0) 917 (86.3) 491 (84.4)
Yes 1116 (15.7) 879 (16.0) 146 (13.7) 91 (15.6)

COVID-19 vaccination status, n = 7137 (column %) <0.001
No vaccine 1510 (21.2) 1102 (20.1) 302 (28.4) 106 (18.2)
1 dose 1187 (16.6) 915 (16.7) 186 (17.5) 86 (14.7)
2 doses 4440 (62.2) 3472 (63.3) 576 (54.1) 392 (67.1)

Face-to-face work, n = 7126 (column %) <0.001
Patient care (nurse, physician, other) 997 (14.0) 676 (12.3) 95 (8.9) 226 (38.7)
Other health or social care 848 (11.9) 668 (12.2) 101 (9.5) 79 (13.5)
Personal services (barber, waiter, bartender) 261 (3.7) 143 (2.6) 78 (7.3) 40 (6.9)
Other jobs with contacts to other people 2525 (35.4) 2057 (37.6) 307 (28.9) 161 (27.6)
No need to be in close contact with others 1777 (24.9) 1412 (25.8) 329 (30.9) 36 (6.2)
Not been working/this question is not relevant 718 (10.1) 522 (9.5) 154 (14.5) 42 (7.2)

1Includes irregular day work/freelancer/artist/research 
2p-value from chi-square test or ANOVA
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Table 3 shows the prevalence of severe disease, need 
for hospital care, and long symptom duration in relation 
to work status and in relation to face-to-face work. 
Although shift/night workers had higher prevalence of 
moderate to life-threatening disease and symptoms last-
ing ≥8 weeks, only the difference in the need for hospital 
care was significant in the chi-square tests (Table 3). 
There was no statistically significant difference in 
reporting severe disease, need for hospital care, or long 
symptom duration by face-to-face work (Table 3).

Table 4 shows logistic regression analyses with 
COVID-19 status as the dependent variable and work 
status and face-to-face work as predictors. Regular day 
work and not working in close contact with others dur-
ing the pandemic were references, respectively. Shift/ 
night work was significantly associated with increased 

odds (OR = 1.42, CI = 1.03–1.94) for COVID-19 in the 
crude analysis, but not in the adjusted analyses (Table 4). 
Non-regular day work was associated with reduced odds 
(OR = 0.66, 0.45–0.97) for COVID-19 in the fully 
adjusted model. Working face-to-face during the pan-
demic was associated with increased odds for COVID- 
19 in both crude and the fully adjusted (OR = 1.55, 1.12– 
2.14) model.

Table 5 shows logistic regression analyses with 
severe disease, need for hospital care, and long symp-
tom duration as dependent variables. Shift/night work 
was associated with increased odds of moderate to 
life-threatening disease (OR = 2.71, 1.23–5.95) and 
increased odds of hospitalization (OR = 5.66, 1.89– 
16.95) in the fully adjusted logistic regression ana-
lyses. Face-to-face work was not associated with 

Table 2. Prevalence of positive COVID-19 test by type of work among the 
participating workers from 15 different countries, weighted1 results.

Prevalence (%) Chi-square test, p-value2

Current work status (n = 6566) X2=2.44, p = .087
Regular day work 854 (17.0)
Non-regular day work3 177 (17.3)
Shift/night work 116 (22.5)

Face-to-face work (n = 5800) X2=8.74, p = .003
No close contact with others 244 (14.3)
Yes, contact with others 775 (18.9)

1Weighted according to age and sex distribution in each country 
2p-value from design-adjusted Pearson chi-square test 
3Includes irregular day work/freelancer/artist/research

Table 3. Prevalence of severe disease, need for hospital care, and long symptom duration among 1145 participants who have tested 
positive for COVID-19, weighted1 results.

Moderate to life- 
threatening disease (%)

Chi-square test, 
p-value2

Need for hospital 
care (%)

Chi-square test, 
p-value2

Symptoms ≥ 
8 weeks (%)

Chi-square test, 
p-value2

Work status X2=0.68, p = .506 X2=4.84, p = .008 X2=0.49, p = .614
Regular day work 298 (35.3) 133 (15.7) 356 (44.4)
Non-regular day work3 61 (34.3) 24 (13.9) 80 (46.7)
Shift/night work 48 (43.0) 37 (33.3) 51 (51.3)

Face-to-face work X2=0.48 P = .488 X2=2.34, p = .126 X2=0.085, p = .771
No 93 (38.2) 54 (22.4) 100 (44.4)
Yes 267 (34.7) 121 (15.8) 335 (46.0)

1Weighted according to age and sex distribution in each country 
2p-value from design-adjusted Pearson chi-square test 
3Includes irregular day work/freelancer/artist/research

Table 4. Odds of positive COVID-19 test by work status and contact with others, weighted and stratified.
Crude OR (95% CI) Adjusted OR (95% CI)1 Adjusted OR (95% CI)2

Work status
Regular day work 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Non-regular day work3 1.02 (0.80–1.31) 0.90 (0.64–1.26) 0.66 (0.45–0.97)
Shift/night work 1.42 (1.03–1.94) 1.19 (0.76–1.86) 1.23 (0.78–1.96)

Face-to-face work
No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 1.40 (1.12–1.75) 1.35 (0.98–1.86) 1.55 (1.12–2.14)

1Adjusted for age and age squared, sex, highest attained education, marital status, children living at home, ethnicity 
2Adjusted for age and age squared, sex, highest attained education, marital status, children living at home, ethnicity, obesity, 

vaccination status and face-to-face contact (only in model on work status) 
3Includes irregular day work/freelancer/artist/research
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moderate to life-threatening disease, hospitalization 
or long symptom duration, neither in crude nor 
adjusted regression analyses (Table 5).

Discussion

When adjusted for relevant confounders, shift/night 
workers did not have an increased risk of COVID-19 
as compared to regular day workers. However, shift/ 
night workers reported significantly more severe disease 
and need for hospital care than regular day workers in 
adjusted models. Shift/night workers did not seem to 
suffer from prolonged symptom duration, as we found 
no significant difference compared to regular day work-
ers in reporting a recovery period of eight or more 
weeks. Non-regular day work was not associated with 
an increased risk of COVID-19 or disease severity, but in 
fact was associated with a reduced risk of COVID-19 in 
the fully adjusted model. Furthermore, face-to-face work 
was associated with increased risk of COVID-19 but not 
with severe disease, need for hospital care, and long 
symptom duration. These findings suggest that our 
hypotheses were partially confirmed.

The finding that shift/night workers did not have 
a significant increased risk of COVID-19 contrasts 
with findings from two other studies (Fatima et al.  
2021; Rizza et al. 2021). In data from the UK Biobank 
cohort, people working at night reported a significant 
1.85 higher odds for COVID-19 compared to people not 
working at night (Fatima et al. 2021). Similarly, an 
Italian study among health care workers reported that 
night work was associated with higher odds of COVID- 
19 (Rizza et al. 2021). These contrasting findings may be 
related to differences in methodologies and time frames 
of data acquistion. SARS-CoV-2 is considered very con-
tagious, and our data suggest that the risk of becoming 
infected does not differ much between regular day work-
ers and shift/night workers. However, when infected, 
shift/night workers are more likely to suffer from severe 
disease. This may be related to the impact that sleep 
deficiency and circadian disruption have on the immune 
system (Besedovsky et al. 2019; Lee and Glickman 2021). 
Shift/night workers need to sleep and work at a circadian 
phase that is not according to their biological clock 
(Bjorvatn and Pallesen 2009; Kecklund and Axelsson  
2016). As shown in Table 1, more shift/night workers 
reported a sleep debt of >2 hour as compared to both 

Table 5. Odds of moderate-life threatening disease, need for hospital care, and long duration of 
symptoms by work status and contact with others among COVID-19-positive participants, 
weighted and stratified results.

Moderate to life-threatening disease

Crude OR 
(95% CI)

Adjusted1 OR 
(95% CI)

Adjusted2 OR 
(95% CI)

Work status
Regular day work 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Non-regular day work3 0.96 (0.60–1.52) 0.71 (0.35–1.46) 1.05 (0.47–2.34)
Shift/night work 1.38 (0.76–2.52) 2.67 (1.17–6.09) 2.71 (1.23–5.95)

Face-to-face work
No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 0.86 (0.56–1.32) 0.95 (0.53–1.70) 0.92 (0.51–1.66)

Need for hospital care
Crude OR 
(95% CI)

Adjusted1 OR 
(95% CI)

Adjusted2 OR 
(95% CI)

Work status
Regular day work 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Non-regular day work3 0.86 (0.43–1.74) 1.27 (0.56–2.92) 1.71 (0.57–5.15)
Shift/night work 2.67 (1.34–5.35) 3.62 (1.23–10.67) 5.66 (1.89–16.95)

Face-to-face work
No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 0.65 (0.37–1.13) 0.67 (0.32–1.42) 0.75 (0.35–1.57)

Long symptom duration (≥8 weeks)
Crude OR 
(95% CI)

Adjusted1 OR 
(95% CI)

Adjusted2 OR 
(95% CI)

Work status
Regular day work 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Non-regular day work3 1.09 (0.69–1.73) 1.01 (0.54–1.89) 1.34 (0.67–2.67)
Shift/night work 1.32 (0.75–2.32) 1.15 (0.50–2.63) 1.08 (0.43–2.69)

Face-to-face work
No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Yes 1.06 (0.70–1.61) 1.53 (0.89–2.65) 1.61 (0.93–2.77)

1Adjusted for age and age squared, sex, highest attained education, marital status, children living at home, ethnicity. 
2Adjusted for age and age squared, sex, highest attained education, marital status, children living at home, ethnicity, 

obesity, vaccination status and face-to-face contact (only in model on work status). 
3Includes irregular day work/freelancer/artist/research
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regular and non-regular day workers. This may possibly 
explain why we found an increased disease burden for 
these workers.

Sufficient sleep of good quality is assumed to reduce 
the risk of infections, improve infection outcome and 
vaccination responses (Besedovsky et al. 2019; Lee and 
Glickman 2021; Robinson et al. 2021). This notion is 
supported by a study showing that the susceptibility for 
rhinovirus infection (the common cold) is increased in 
people sleeping less than 6 hours (Prather et al. 2015). 
Furthermore, prolonged sleep deficiency (e.g., chronic 
short sleep duration and sleep disturbances) can lead to 
chronic, systemic low-grade inflammation (Besedovsky 
et al. 2019; Irwin et al. 2016). A Swedish study showed 
that acute sleep deprivation leads to functional and 
structural changes in blood neutrophils 
(Christoffersson et al. 2014). Interestingly, an influenza 
vaccination study compared habitual sleep with 
restricted sleep (time in bed was restricted to 4 hours 
per night for 4 days before and 2 days after the vaccina-
tion) and found that influenza-virus-specific antibody 
titers after vaccination were doubled in participants with 
habitual sleep compared to restricted sleep (Spiegel et al.  
2002). Furthermore, short sleep duration, sleep distur-
bances and circadian misalignment, all commonly seen 
among shift/night workers, have been reported to be 
associated with increased levels of pro-inflammatory 
biomarkers such as interleukin-1 (IL-1), interleukin-6 
(IL-6) and tumor necrosis factor (TNF) (Besedovsky 
et al. 2019; Irwin et al. 2016).

Studies investigating the association between shift/ 
night work and immunity are still few and show con-
flicting results. In a cross-sectional study among airline 
employees, Puttonen et al. (2011) reported that rotating 
shift work was associated with increased systemic 
inflammation. In a longitudinal study among nurses, 
IL-1beta and TNF-alpha were significantly lower in 
shift workers compared to day workers at baseline, but 
not at 12 months follow-up. Moreover, no effect of shift 
work on immunological biomarkers was present at fol-
low-up when data were adjusted for baseline values and 
job seniority (Copertaro et al. 2011). One study 
compared day workers with rotating shift workers and 
the latter showed higher levels of leucocytes (Sookoian 
et al. 2007). Furthermore, another study among nurses 
showed that natural killer (NK) cell activity was reduced 
following night work compared to day work (Nagai et al.  
2011). However, one study with night shift workers and 
non-shift workers reported no association in relation to 
work status on a range of cytokines. Still, night work was 
associated with an increased number of monocytes and 
lymphocytes (Loef et al. 2019). In a Norwegian study 
among nurses, short sleep duration (<6 hours) was 

associated with lower IL-1beta levels and higher TNF- 
alpha levels, but no association between self-reported 
sleep quality and immunological biomarkers was seen 
(Bjorvatn et al. 2020). More research is clearly needed to 
elucidate how shift and night work affect health and the 
immune system.

In the fully adjusted regression analysis, we found 
a reduced risk of COVID-19 among non-regular day 
workers compared to regular day workers. This may at 
first glance be surprising, as non-regular day workers 
may possibly suffer from sleep deficiency, and thereby 
having increased risk of COVID-19. However, this group 
of workers was heterogenous, and included irregular day 
work, freelancer, artist, and research. This kind of work 
may have allowed the workers to follow their own pre-
ferred circadian rhythm more often than regular day 
workers, and this may reduce sleep problems, sleep loss 
and circadian misalignment. Our data corroborated this 
interpretation when we examined who had a sleep debt 
of >2 hours. Fewer non-regular day workers reported 
such a sleep debt compared with regular day workers. 
Furthermore, non-regular day workers may have worked 
fewer hours per day/week than the other work groups, 
possibly influencing the results.

Working face-to-face with other people during the 
pandemic increased the risk of COVID-19. The corona-
virus is considered to be very contagious and working in 
close proximity to others increases the risk of exposure 
to the virus, and thereby to be infected (Buitrago-Garcia 
et al. 2022). Interestingly, face-to-face work did not 
increase the severity of the disease. Thus, even though 
people working face-to-face with other people have an 
increased risk of the disease, they do not seem to be at 
increased risk of becoming severely ill. One possible 
explanation is that sleep and the circadian rhythm may 
not be compromised by face-to-face work, in contrast to 
what is typical in shift/night work.

Strengths and limitations
One major strength was the diversity of our sample, 

with participants coming from 15 different countries 
spanning four continents. This diversity helps increase 
the generalizability of our findings compared to those 
recruiting participants from just one country, which 
increases the impact of each location’s local COVID-19 
response. Further, more than 1100 participants reported 
to have tested positive for COVID-19, rendering our 
study population available for multiple statistical com-
parisons and adjustment for relevant confounders 
(including obesity, vaccination status and face-to-face 
work when studying the risk among shift/night workers). 
However, a limitation was that for some of the analyses 
the comparison groups were small (e.g., not many parti-
cipants were hospitalized due to COVID-19), making 
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these interpretations more uncertain. Another strength 
was that all data were weighted according to the sex and 
age distribution in each country to make the samples 
more representative. Still, there were differences between 
countries in the sample distribution of sex and age, and 
also in relation to work status, and this needs to be 
considered when interpreting the results. One major 
limitation was that the participants reported current 
work status, and this may have changed from when 
they tested positive for COVID-19. However, we do not 
consider it very likely that this influenced the main find-
ings. Another potential bias is that shift workers may be 
more likely to have been tested for COVID-19 because of 
frequent obligatory tests (e.g., health care workers). This 
can contribute to a higher observed risk of COVID-19 in 
this group, and may contribute to an unfair comparison 
when estimating relative risks (Griffith et al. 2020). 
Furthermore, studies show that morning vaccination 
enhances antibody response more than afternoon vacci-
nation (de Bree et al. 2020; Long et al. 2016). Whether 
this influenced the present results is unclear, as we have 
no data on the time of vaccination in the different work 
groups. Other limitations include potential recall bias, 
convenience samples, and lack of more detailed informa-
tion regarding work schedules. For instance, we have no 
information about workload (e.g., hours of work per day/ 
week) in any of the groups or the number of night shifts 
worked.

In conclusion, shift/night work was not associated 
with increased risk of COVID-19, but when infected, 
shift/night workers reported more severe disease. 
Working face-to-face increased the risk of COVID-19, 
but had no association with disease severity.
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