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A B S T R A C T   

Background: Research on health effects of shift work has especially focused on somatic diseases, such as breast 
cancer and cardiometabolic disease, while less attention has been given to the association between shift work and 
mental health. 
Methods: We used information on 19 964 female nurses (≥44 years) from the Danish Nurse Cohort, who reported 
current work schedule (day, evening, night, or rotating) at recruitment (1993/1999). In 5102 nurses who 
participated in both cohort waves, we defined persistent night shift work as working night shift in 1993 and 
1999. We used Cox regression models to calculate hazard ratios (HRs) and 95% confidence intervals (CIs), 
adjusting for relevant confounders. 
Through linkage of cohort participants to national registers, we defined incidence of mood and neurotic disorders 
as first hospital contact or redeemed prescription until November 2018. 
Results: We found association between night shift work with mood disorders (HR = 1.31; 95%CI = 1.17–1.47) 
and neurotic disorders (1.29; 1.17–1.42), compared to day work. Associations were enhanced in nurses with 
persistent night shift work (1.85; 1.43–2.39 and 1.62; 1.26–2.09 for mood and neurotic disorders, respectively) 
and in nurses with specialist confirmed mood (1.69; 1.24–2.29) and neurotic (1.72; 1.22–2.44) disorders. Nurses 
with preexisting psychiatric disorders and full-time work seemed most susceptible. 
Conclusions: Night shift work is associated with increased risk of major psychiatric disorders. The novel sug-
gestive findings of vulnerable groups, including nurses with a history of psychiatric disorders and full-time 
workers, are based on a limited number of cases, and further research is needed to confirm the results.   

1. Introduction 

It is well known that shift work (work schedule that falls outside of 
normal work hours typically from 7 a.m. to 5 p.m.) can affect circadian 
rhythms and introduce sleep disturbances, both of which are considered 
to be important factors in the development of psychiatric disorders 
(Karatsoreos, 2012). Research in recent decades mainly focused on the 
somatic health effect of shift work, including cardiovascular disease 

(Puttonen et al., 2010; Torquati et al., 2018; Vetter et al., 2016), cancer 
(Cordina-Duverger et al., 2018; Gan et al., 2018; Ward et al., 2019), 
diabetes (Hansen et al., 2016; Knutsson and Kempe, 2014), and most 
recently dementia (Bokenberger et al., 2018; Jørgensen et al., 2020), 
while less attention has been given to the potential link between shift 
work and mental health (Brown et al., 2020). The effect of shift work on 
mental health is suspected to be mediated by disturbances of circadian 
rhythm, sleep, and socio-temporal patterns, i.e. engagement in family 
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and social activities (Moreno et al., 2019). 
Only a limited number of prospective cohort studies examined the 

association between shift work and mental health, with large hetero-
geneity in exposure and outcomes definitions. The majority of studies 
relied on self-reported outcomes, including symptoms of depression 
(Bara and Arber, 2009; Bildt and Michélsen, 2002), depression and 
anxiety combined (Bara and Arber, 2009; Thun et al., 2014), or overall 
mental health (Bara and Arber, 2009; Bildt and Michélsen, 2002; 
Nabe-Nielsen et al., 2011). Another mental health definition was based 
on psychotropic medication use, typically antidepressants (Albertsen 
et al., 2019; D’Errico et al., 2011; Hall et al., 2019; Laaksonen et al., 
2012), hypnotics and sedatives (Albertsen et al., 2019; Laaksonen et al., 
2012), or all psychotropic medication (Albertsen et al., 2019; Laaksonen 
et al., 2012; Lassalle et al., 2015). Shift work definitions differ between 
studies, majority presenting results for all shift work schedules (night, 
rotating, evening) combined, without possibility to examine the inde-
pendent effect of night shift work. Overall, evidence is mixed, with few 
studies suggesting associations of shift work with depression and 
reduced mental well-being (Bara and Arber, 2009; Bildt and Michélsen, 
2002), depression and anxiety (Bara and Arber, 2009), antidepressants 
use (Albertsen et al., 2019; D’Errico et al., 2011; Hall et al., 2019), and 
hypnotics and sedatives use (Albertsen et al., 2019), while others found 
no associations of shift work with depressive mood (Driesen et al., 
2011), depression and anxiety (Thun et al., 2014), overall mental health 
(Nabe-Nielsen et al., 2011), antidepressants use (Laaksonen et al., 
2012), hypnotics and sedatives use (Laaksonen et al., 2012), or all 
psychotropic medication use (Albertsen et al., 2019; Laaksonen et al., 
2012; Lassalle et al., 2015). 

In this study we examine in detail associations between different 
shift work schedules (day, evening, night, and rotating) and incidence of 
major psychiatric disorders, including mood disorders, neurotic disor-
ders, and substance use. 

2. Material and methods 

2.1. Study population 

We used the Danish Nurse Cohort, which consists of 28 731 Danish 
female nurses who were >44 years old at recruitment in 1993 (n = 19 
898) or 1999 (n = 8833) (Hundrup et al., 2012). Cohort participants 
were members of the Danish Nurses Organization, comprising 95% of all 
nurses in Denmark. 

2.2. Shift work schedule 

We included 19 964 nurses who were working and provided infor-
mation on their current shift work schedule at the time of the recruit-
ment into the cohort wave in 1993 or 1999 by answering the following 
question: “Do you normally work in: 1) day shift, 2) evening shift, 3) night 
shift, 4) rotating shift”. Rotating shift refers to rotation between at least 
two of the following: day, evening and night work. In Denmark, a typical 
day shift among nurses is from 7 a.m. to 3 p.m., evening shift from 3 p.m. 
to 11 p.m., and night shift from 11 p.m. to 7 a.m.. Since no information 
on the duration of shift work was collected in either 1993 or 1999, we 
created a subset of 5102 nurses who provided information on shift work 
schedules in both cohort waves and defined duration of shift work for at 
least 6 years in those who reported working the same shift in 1993 and 
1999 (Figure S1). Nurses were classified as persistent shift workers if 
they reported working the same shift type in both 1993 and 1999, 
assuming they have worked in the same shift schedule for at least 6 
years. Nurses who changed from night shift to either a day, evening or 
rotating shift schedule between 1993 and 1999, we categorized as 
“Changed from night to day, evening or rotating shift”, whereas nurses who 
changed from day, evening or rotating shift to a different shift schedule 
or stopped working between 1993 and 1999 were excluded from the 
analyses. 

2.3. Definition of psychiatric disorders 

We focused mainly on two major classes of psychiatric disorders: 
mood disorders (depression, bipolar disorders, manic episodes, etc.) and 
neurotic disorders (anxiety, stress, obsessive-compulsive disorder, 
phobic disorders, etc.). Using unique personal identification numbers, 
Danish Nurse Cohort members were linked to the Danish Psychiatric 
Central Research Register (Mors et al., 2011) and the Danish National 
Patient Register (Schmidt et al., 2015), with information on all psychi-
atric hospital contacts (inpatient hospital admissions since 1969, 
outpatient and emergency room visits since 1995) the Danish National 
Prescription Registry (Pottegård et al., 2017) which contains informa-
tion on all redeemed prescriptions in Danish pharmacies since 1995. As 
our main outcome, we defined incidence of mood and neurotic disorders 
as the date of first-ever hospital contact or date of first redeemed pre-
scription for mood or neurotic disorder (Register based psychiatric dis-
orders), respectively, whichever came first between cohort baseline in 
1993 or 1999 and November 18, 2018, using International Classification 
of Diseases (ICD) and Anatomical Therapeutic Chemical (ATC) codes as 
defined in supplemental material Tables S1. Additionally, we defined 
mood and neurotic disorders based on hospital contacts only (specialist 
confirmed psychiatric disorders), as more severe and more specific di-
agnoses, confirmed by a psychiatrist at a hospital. We also defined: 1) 
substance use disorders (drug and alcohol addiction) based on hospital 
contacts only (as we did not have data on redeemed medication for 
substance use), 2) depression (most common mood disorder) defined 
from a combination of hospital contact and redeemed prescriptions, and 
3) visits to private practicing psychologists or psychiatrist in the primary 
health care sector, which were extracted from the National Health Ser-
vice Register, with information on all contacts to primary care services 
in Denmark (Andersen et al., 2011) (Table S1). For each outcome, we 
excluded participants with a record of that outcome prior to cohort 
baseline. 

2.4. Covariates 

Information on covariates were self-reported at the cohort waves in 
1993 and 1999, including information on leisure time physical activity 
(low/medium/high), alcohol consumption (none/moderate: 1–14 
drinks/week/heavy: ≥15 drinks/week), marital status (married/sepa-
rated/divorced/single/widow), parity (no/yes), busyness at work 
(rarely/sometimes/often), stress at work (low/high), influence at work 
(low/high), use of sleep medication (no/yes). In addition, we obtained 
information on sleep medication prescriptions from Danish National 
Prescription Registry (Pottegård et al., 2017) (ATC codes: N05CA, 
N05CD, N05CF, N05CH), and work hours (full-time/part-time) from 
Labour Force Statistics. In 1999, participants furthermore reported 
annual household income and structure (live alone/live with partner). 

2.5. Statistical analyses 

The associations between shift work and psychiatric disorders were 
examined using Cox proportional hazards regression with age as the 
underlying time scale. The 19 964 participants were followed from the 
earliest date of cohort recruitment on April 1st, 1993 or April 1st, 1999, 
while the 5102 nurses, who participated in both waves, were followed 
from cohort recruitment on April 1st, 1999. In both analyses, nurses were 
followed until date of psychiatric disorder, death, emigration or end of 
follow-up on November 10, 2018, whichever came first. We examined 
the associations in two steps: a crude model, adjusted for age and cohort 
wave, and a model, additionally adjusted for physical activity, alcohol 
consumption, marital status, parity, busyness, stress, and influence at 
work, and household income and structure (only for the 1999 cohort 
wave). We further examined potential effect modification of an associ-
ation between shift work and psychiatric disorders, by age at baseline 
(<50/≥ 50), use of sleep medication, work hours, busyness at work, 
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stress at work, influence at work, and history of other psychiatric dis-
orders (than the specific outcome in the analyses). We used scaled 
Schoenfield residuals to evaluate the assumption of proportional haz-
ards, and violations hereof were resolved by stratification. To examine 
potential reversed causation, as a result of a possible selection in or out 
of specific shift schedules due to preclinical psychiatric symptoms, we 
performed sensitivity analyses by postponing the follow-up time 5 years 
after cohort baseline. 

3. Results 

Of 19 964 nurses, 5618 developed mood disorders in total (287 
specialist confirmed) and 7059 developed neurotic disorders (510 
specialist confirmed), during 18.5 mean years of follow-up (354 885 
person-years). 

At cohort baseline, 62.2% reported day work as their current primary 
work schedule, 10.3% worked primarily evening shifts, 5.6% night shifts 
and 21.9% rotating shifts (Table 1). Nurses working night shifts were on 
average older, more likely to be single and use sleep medication, but less 
busy and stressed than nurses working day, evening and rotating shifts. 
Nurses working evening and night shifts worked more often part-time 
than nurses in day or rotating shifts. 

In the adjusted models, we detected statistically significant associa-
tions between evening and night shift work and incidence of mood 
disorders with hazard ratios (HRs) of 1.27 (95% confidence intervals 
(CIs) 1.17–1.39) and 1.31 (95% CI 1.17–1.47), respectively, as 
compared to day work (Table 2). The associations were twice as strong 
when restricting analyses to specialist confirmed mood disorders with 
HRs of 1.51 (95% CI 1.19–1.92) and 1.69 (95% CI 1.24–2.29) for eve-
ning and night shift work, respectively. We detected similar associations 
of neurotic disorders with evening (HR of 1.30, 95% CI 1.20–1.40) and 
night (HR of 1.29, 95% CI 1.17–1.42) shift work, which attenuated 
slightly for evening (HR of 1.23, 95% CI 0.92–1.64) but more than 
doubled for night shift work (HR of 1.72, 95% CI 1.22–2.44) in analyses 
with specialist confirmed diagnoses. 

We detected associations of working at least 6 years in evening and 
night shift and incidence of mood disorders with a HRs of 1.43 (95% CI 
1.17–1.76) and 1.85 (95% CI 1.43–2.39), respectively (Table 3). Similar 
results we observed with neurotic disorders, with HRs of 1.40 (95% CI 
1.15–1.71) and 1.62 (95% CI 1.26–2.09) for persistent evening and 
night shift work, respectively (Table 3). These associations were stron-
ger than those observed with current shift work (Table 2), indicating a 
dose-response relationship of an increased risk of mood and neurotic 
disorders with increasing duration of evening and night shift work. In 
analyses restricted to specialist confirmed mood and neurotic disorders, 
we found very strong associations with persistent night shift work, with 
HRs of 2.83 (95% CI 1.48–5.41) and 2.07 (95% CI 0.98–4.35), respec-
tively, but no association with evening shift work. We also found that 
those who changed from night shift in 1993 to day, evening or rotating 
shift schedule in 1999 had higher risk of mood and neurotic disorders 
than permanent day workers. We found no association of rotating shift 
work with mood or neurotic disorders (Tables 2 and 3). Persistent night 
shift workers (among the 5102 nurses who participated in both cohort 
waves) were older, less physically active, less likely to have children, 
and had lower household income than nurses working other shift 
schedules (Table S2). 

We found that nurses in night shift work with a history of substance 
use or neurotic disorders had a statistically significantly higher risk of 
developing mood disorders than those without a history of these psy-
chiatric disorders (Fig. 1, Table S4). Furthermore, nurses who worked 
full-time evening and night shifts had significantly higher risk of 
developing neurotic disorders than nurses working part-time (Fig. 2, 
Table S4). 

Furthermore, we detected strong associations between evening and 
night shift work and substance use disorders (specialist confirmed, n =
246), with a HR of 2.44 (95% CI 1.71–3.47) for evening workers and 

2.95 (95% CI 1.90–4.58) for night workers, as compared to day workers, 
in 19 865 nurses. When analyzing depression as a separate outcome, 
results were very similar to the results for all mood disorders in total, 
with a HR of 1.42 (96% CI 1.16–1.74) and 1.85 (95% CI 1.43–2.39) for 
evening and night shift workers, respectively, in specialist confirmed 
diagnoses. Finally, we found no association between any of the shift 

Table 1 
Descriptive statistics for 19 964 nurses from the Danish Nurse Cohort at the 
cohort baseline in wave 1993 or 1999.   

All Day 
workers 

Evening 
shift 
workers 

Night 
shift 
workers 

Rotating 
shift 
workers 

N, (%) 19 964 
(100) 

12 415 
(62.2) 

2059 
(10.3) 

1124 
(5.6) 

4366 
(21.9) 

Age at baseline 
year, mean 
(SD) 

50.4 (4.9) 50.3 
(4.8) 

51.8 (5.5) 53.0 
(5.6) 

49.4 (4.4) 

Leisure time physical activity 
Low 1078 (5.4) 722 

(5.8) 
90 (4.4) 72 (6.4) 194 (4.4) 

Medium 13219 
(66.2) 

8229 
(66.3) 

1403 
(68.1) 

700 
(62.3) 

2887 
(66.1) 

High 5667 
(28.4) 

3464 
(27.9) 

566 
(27.5) 

352 
(31.3) 

1285 
(29.4) 

Alcohol consumption (drinks per week) 
None 2477 

(12.4) 
1211 
(9.8) 

391 
(19.0) 

291 
(25.9) 

584 (13.4) 

Moderate 
(1–14) 

12727 
(63.7) 

8037 
(64.7) 

1283 
(62.3) 

608 
(54.1) 

2799 
(64.1) 

Heavy (≥15) 4760 
(23.8) 

3167 
(25.5) 

385 
(18.7) 

225 
(20.0) 

983 (22.5) 

Marital status 
Married 14873 

(74.5) 
9452 
(76.1) 

1524 
(74.0) 

766 
(68.1) 

3131 
(71.7) 

Separated/ 
divorced 

2701 
(13.5) 

1547 
(12.5) 

281 
(13.6) 

200 
(17.8) 

673 (15.4) 

Single 1553 (7.8) 908 
(7.3) 

150 (7.3) 88 (7.8) 407 (9.3) 

Widow 837 (4.2) 508 
(4.1) 

104 (5.1) 70 (6.2) 155 (3.6) 

Parity 
No 2180 

(10.9) 
1329 
(10.7) 

214 
(10.4) 

132 
(11.7) 

505 (11.6) 

Yes 17784 
(89.1) 

11 086 
(89.3) 

1845 
(89.6) 

992 
(88.3) 

3861 
(88.4) 

Use of sleep medication 
No 17937 

(89.8) 
11 405 
(91.9) 

1785 
(86.7) 

941 
(83.7) 

3806 
(87.2) 

Yes 2027 
(10.2) 

1010 
(8.1) 

274 
(13.3) 

183 
(16.3) 

560 (12.8) 

Busyness at 
work 

Busyness at 
work     

Rarely 3432 
(17.2) 

1823 
(14.7) 

446 
(21.7) 

492 
(43.8) 

671 (15.4) 

Sometimes Sometimes 5159 
(41.6) 

1042 
(50.6) 

487 
(43.3) 

2021 
(46.3) 

Often Often 5433 
(43.8) 

571 
(27.7) 

145 
(12.9) 

1674 
(38.3) 

Speed at work Speed at 
work     

High High 7720 
(62.2) 

1046 
(50.8) 

276 
(24.6) 

2743 
(62.8) 

Low Low 4695 
(37.8) 

1013 
(49.2) 

848 
(75.4) 

1623 
(37.2) 

Influence at 
work 

Influence 
at work     

High High 11 694 
(94.2) 

1821 
(88.4) 

1000 
(89.0) 

3375 
(77.3) 

Low Low 721 
(5.8) 

238 
(11.6) 

124 
(11.0) 

991 (22.7) 

Work hours 
Full-time 17000 

(85.2) 
10 909 
(87.9) 

1353 
(65.7) 

815 
(72.5) 

3923 
(89.9) 

Part-time 2964 
(14.8) 

1506 
(12.1) 

706 
(34.3) 

309 
(27.5) 

443 (10.1)  
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schedules and visits to psychologist or psychiatrist in primary health 
care (Table S3). Our results were robust in analyses with postponed 
follow-up by 5 years (Table S5 and Table S6). 

4. Discussion 

In this prospective study of Danish female nurses, we detect strong 
adverse effects of night shift work on mental health. We showed that 
night shift work was associated with increased risk of several major 
psychiatric disorders, including mood and neurotic disorders, as well as 
substance use. Effects were enhanced with increasing duration of night 
shift work, indicating a dose-response relationship, and in those with 
most severe disease, requiring specialist care in hospital. We also found 
associations between evening shift work and neurotic disorders, 
although weaker than those with night shift work, and none with 
rotating shift work. Nurses with a history of psychiatric disorders and 
those working full-time night shifts seemed most susceptible to adverse 
effect of night shift work on the development of a new psychiatric 
disorder. 

Our finding of substantially stronger associations in mood and 

neurotic disorders confirmed by a specialist is likely explained by vari-
ation in illness severity. Cases confirmed by a specialist are diagnosed by 
a psychiatric specialist at a hospital, either at emergency, in -or outpa-
tient visit, and represent more specific and severe cases, as compared to 
those defined from prescription data only, which are commonly pre-
scribed by general practitioners in Denmark. Our finding of no associ-
ation between rotating shift work and any psychiatric disorders is likely 
explained by lower intensity of night shift exposure, which is less 
frequent among rotating than permanent night shift workers. We further 
speculate that nurses working rotating shift schedules experience fewer 
negative social consequences, as day and nighttime activities are not 
completely inverted as in nurses working permanent night shifts. It has, 
however, been debated whether rotating shift workers experience 
greater disruption of the circadian system and more sleep disturbances 
than permanent night shift workers, who may be more likely to adapt to 
their night shift work and retain a circadian rhythm (Folkard, 2008; 
Hansen and Stevens, 2012). 

Table 2 
Association between shift work and psychiatric disorders in 19 964 nurses.   

Shift work schedule at cohort baseline 
Mood Disorders Neurotic Disorders 

n (cases) Crude modela Adjusted modelb  Crude modela Adjusted modelb 

HR (95% CI) HR (95% CI) n (cases) HR (95% CI) HR (95% CI) 

Register Based Psychiatric disordersc 

Day shifts 11 989 (3379) 1.00 (ref) 1.00 (ref) 11 800 (4309) 1.00 (ref) 1.00 (ref) 
Evening shifts 1942 (669) 1.26 (1.16–1.37) 1.27 (1.17–1.39) 1942 (864) 1.28 (1.19–1.37) 1.30 (1.20–1.40) 
Night shifts 1078 (379) 1.31 (1.18–1.46) 1.31 (1.17–1.47) 1070 (478) 1.28 (1.17–1.41) 1.29 (1.17–1.42) 
Rotating shifts 4187 (1191) 1.06 (1.00–1.14) 1.05 (0.98–1.12) 4103 (1408) 0.99 (0.93–1.05) 0.98 (0.92–1.04) 
Specialist confirmed psychiatric disordersd 

Day shifts 12 274 (346) 1.00 (ref) 1.00 (ref) 12 302 (298) 1.00 (ref) 1.00 (ref) 
Evening shifts 1995 (85) 1.50 (1.18–1.90) 1.51 (1.19–1.92) 2029 (56) 1.18 (0.88–1.56) 1.23 (0.92–1.64) 
Night shifts 1097 (52) 1.67 (1.25–2.24) 1.69 (1.24–2.29) 1101 (40) 1.61 (1.16–2.25) 1.72 (1.22–2.44) 
Rotating shifts 4311 (133) 1.13 (0.92–1.38) 1.09 (0.89–1.34) 4323 (116) 1.09 (0.88–1.35) 1.09 (0.87–1.36)  

a Crude model: adjusted for age and indicator of cohort baseline. 
b Adjusted model: crude model + lifestyle (leisure-time physical activity and alcohol consumption), psychosocial work environment (busyness at workplace, stress/ 

tempo at workplace, and influence at workplace), marital status, parity. 
c Defined from hospital contacts and redeemed prescriptions. 
d Defined from hospital contacts only. 

Table 3 
Association between shift work duration and psychiatric disorders in 5102 nurses who participated in wave 1993 and 1999.   

Shift work schedule in 1993 & 1999 
Mood Disorders Neurotic Disorders 

n (cases) Crude modela Adjusted modelb  Crude modela Adjusted modelb 

HR (95% CI) HR (95% CI) n (cases) HR (95% CI) HR (95% CI) 

Register Based Psychiatric disordersc 

Persistentd day 3271 (698) 1.00 (ref) 1.00 (ref) 3027 (785) 1.00 (ref) 1.00 (ref) 
Persistent evening 388 (111) 1.45 (1.18–1.77) 1.43 (1.17–1.76) 358 (122) 1.44 (1.19–1.75) 1.40 (1.15–1.71) 
Persistent night 195 (70) 1.93 (1.51–2.47) 1.85 (1.43–2.39) 183 (71) 1.69 (1.33–2.16) 1.62 (1.26–2.09) 
Persistent rotating 748 (174) 1.11 (0.94–1.31) 1.09 (0.92–1.30) 693 (174) 0.95 (0.81–1.12) 0.92 (0.77–1.09) 
Changed from night to day, evening or rotating shift 80 (27) 1.71 (1.17–2.52) 1.66 (1.12–2.44) 75 (30) 1.72 (1.19–2.47) 1.67 (1.15–2.41) 
Specialist confirmed psychiatric disorderse 

Persistent day 3494 (62) 1.00 (ref) 1.00 (ref) 3504 (62) 1.00 (ref) 1.00 (ref) 
Persistent evening 412 (8) 1.08 (0.52–2.26) 1.05 (0.50–2.22) 423 (5) 0.67 (0.27–1.67) 0.62 (0.25–1.57) 
Persistent night 221 (13) 3.26 (1.79–5.93) 2.83 (1.48–5.41) 223 (9) 2.33 (1.15–4.69) 2.07 (0.98–4.35) 
Persistent rotating 796 (13) 0.93 (0.51–1.70) 0.89 (0.48–1.67) 796 (9) 0.64 (0.32–1.28) 0.52 (0.25–1.09) 
Changed from night to day, evening or rotating shiftf – – – – – –  

a Crude model: adjusted for age and indicator of cohort baseline. 
b Adjusted model: crude model + lifestyle (leisure-time physical activity and alcohol consumption), psychosocial work environment (busyness at workplace, stress/ 

tempo at workplace, and influence at workplace), marital status, parity, and household income and structure. 
c Defined from hospital contacts and redeemed prescriptions. 
d Persistent – worked same shift at least for 6 years, in 1993 and 1999, assuming no change in the shifts between two cohort rounds. 
e Defined from hospital contacts only. 
f We omitted results of analyses based on less than 5 cases in the exposure groups, to preclude the possibility that participants were directly or indirectly identifiable 

in compliance with the GDPR rules. 
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4.1. Comparison with existing studies 

Our results are in line with findings from a Swedish cohort, where 
shift work (all work schedules versus day) was associated with sub- 
clinical depression with RR of 3.3 (95% CI 1.5-1-7.2) among women 
and 2.2 (95% CI 1.0–5.2) among men (Table S3 and S4), despite dif-
ferences in shift work definition (Bildt and Michélsen, 2002). Another 
study based on the British Household Panel Survey, found poorer mental 
health and symptoms of anxiety and depression in those working night 
shift 4 years or more, with an OR of 6.08 (95% CI 2.06–17.92), whereas 
rotating shift work was associated with increased risk of anxiety and 
depression (OR 2.58, 95% CI 1.53–4.35) (Bara and Arber, 2009). Our 
risk estimates for night shift work were weaker, and we detected no 
association with rotating shift work. Our findings contradict results from 
the Dutch and Norwegian cohorts, showing no association between any 

shift work and depressive mood (Driesen et al., 2011) and night work 
with depression and anxiety (Thun et al., 2014), respectively. We, 
however, found an increased risk of mood and neurotic disorders among 
those leaving night shift work, possibly explained by self-selection out of 
night shift work due to mental health problems. Another Danish study 
found surprisingly better mental health among shift workers (Nabe--
Nielsen et al., 2011), in contrast to our findings, and likely explained by 
differences in study populations, exposure, and outcome definitions. 
Notably, they followed newly educated Danish social and health care 
assistants for 1-year only, and defined shift work as a combination of 
evening, night, and rotating work. They furthermore found a modifying 
effect of work-time influence, with poorer mental health and somatic 
stress symptoms among shift workers with low work-time influence 
(Nabe-Nielsen et al., 2011). We did not detect effect modification by 
influence at work. Although not directly comparable, our results agree 

Fig. 1. Effect modification of the association between shift work and register based mood and neurotic disorders by history of psychiatric disorderaHistory 
of psychiatric disorders was defined hospital contact with discharge diagnosis of substance use or neurotic disorder, or redeemed anxiolytics prescription prior to 
cohort entry in 1993 or 1999 in analysis of the association between shift work and mood disorders whereas history of psychiatric disorders was defined hospital 
contact with discharge diagnosis of substance use or mood disorder, or redeemed antidepressant prescription prior to cohort entry in 1993 or 1999 in analysis of the 
association between shift work and neurotic disorders. 

Fig. 2. Effect modification of the association between shift work and register based neurotic disorders by number of weekly work hours.  
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with another Danish study of shift work and use of psychotropic medi-
cine (Albertsen et al., 2019), who found that fixed night or rotating shift 
workers more often used hypnotics or sedatives (RR of 1.21, 95% CI 
1.05–1.40) and antidepressants (RR of 1.23, 95% CI 1.08–1.40), when 
compared to permanent day, morning or evening workers (Albertsen 
et al., 2019). They found lower effect estimates than those reported in 
our study, which may be explained by the fact that they included eve-
ning workers in their reference group. We aimed to examine overall 
psychiatric health, and defined outcomes based on either prescription 
and/or psychiatric hospital contact data and did not analyze the use of 
prescription medication separately, limiting the comparison to the 
existing literature on psychotropic drug use. However, overall evidence 
on the association between shift work and the use of psychotropic 
medication is mixed and inconclusive (Albertsen et al., 2019; D’Errico 
et al., 2011; Hall et al., 2019; Laaksonen et al., 2012; Lassalle et al., 
2015). Notably, all studies finding no associations failed to distinguish 
between night and rotating shift work (Laaksonen et al., 2012; Lassalle 
et al., 2015). 

4.2. Limitations and strengths 

This study is limited by the self-reported assessment of shift work, 
and lack of information on the intensity of night work, potentially 
introducing exposure misclassification. Another limitation is persistent 
shift work definition assumes that participants reporting the same shift 
type in both 1993 and 1999 did not change their work schedule within 
this period. Furthermore, we had no information on the quality of life of 
the participants or life events that may have triggered the development 
of psychiatric disorders. We also lacked information on sleep quality, 
however we attempted to address this by using the information on sleep 
medication, as a proxy of sleep disturbances. We also lacked information 
on chronotype (diurnal preference), which we suspect could have 
modified the association of shift work and psychiatric disorders. Another 
weakness of this study is that the analyses were limited by statistical 
power, especially in analyses of persistent shift work/duration and 
specialist confirmed psychiatric disorders. Additionally, evaluation of 
potential effect modification of the association between shift work and 
psychiatric disorders were, due to lack of power, limited to in the 
analysis of current shift work. 

A strength of this study is the prospective data on different shift work 
schedules as well as repeated assessments of shift work, which enabled 
studying the effect of indicators of the duration of shift work in a subset 
of the cohort. We furthermore benefitted from the internationally 
unique opportunity to identify psychiatric disorders objectively based 
on objective registry data on both psychiatric hospital contacts and 
redeemed prescriptions. Furthermore, a major strength of our study is 
the long follow-up time, which allowed us to examine the potential 
occurrence of reversed causality, by performing sensitivity analyses with 
a postponed follow-up start 5 years after the assessment of shift work. 
These analyses showed similar results as found in the main analyses, 
thus making it less likely that the results of this study reflect a selection 
in or out of specific shifts schedules due to preclinical psychiatric 
symptoms rather than an effect of shift in itself. 

5. Conclusion 

In this prospective cohort study of Danish female nurses, we found 
strong associations between night shift work and several major psychi-
atric disorders, including mood and neurotic disorders and substance 
abuse. The strongest associations were detected in nurses working night 
shifts for over 6 years, full-time work, and those with a history of psy-
chiatric diseases, suggesting that part-time work schedule, rotating shift 
work may alleviate some adverse effects of night shift work. 
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Bildt, C., Michélsen, H., 2002. Gender differences in the effects from working conditions 
on mental health: a 4-year follow-up. Int. Arch. Occup. Environ. Health 75, 252–258. 
https://doi.org/10.1007/s00420-001-0299-8. 
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