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SUMMARY
Background: Working the night shift interferes with the circadian chrono -
biological rhythm, causing sleep disturbances, fatigue, and diminished well-
being, and increases the risk of serious disease. The question whether night 
work increases the risk of depression has not been adequately studied to date. 

Methods: We carried out a systematic, broadly conceived literature search in 
the PubMed, Scopus, PsycINFO, and PSYNDEX databases and the Medpilot 
search portal on the topic of nighttime shift work and mental illness.

Results: The search yielded 5682 hits, which were narrowed down by 
 predefined selection criteria to 11 high-quality longitudinal studies on the rela-
tionship between nighttime shift work and depressive illness. Only these 11 
studies were subjected to further analysis. 3 of 4 studies on nighttime shift 
work in the health professions (almost exclusively nursing) revealed no 
 association with depression over an observation period of two years. On the 
other hand, 5 studies on nighttime shift work in occupations outside the health 
sector, with observation periods of two or more years, yielded evidence of an 
elevated risk of depression after several years of nighttime shift work, but not 
in any uniform pattern. A supplementary meta-analysis of 5 of the studies 
 revealed a 42% increase of the risk of depression among persons working the 
night shift (95% confidence interval [0.92; 2.19]). Psychosocial working 
 conditions that have a negative influence on health partially account for these 
associations. 

Conclusion: Although there is evidence that nighttime shift work (at least, in 
 occupations outside the health sector) does increase the risk of depression, 
this evidence is not strong enough to sustain a general medical recommen-
dation against shift work for employees with depressive conditions. It would 
seem appropriate to address this question on an individual basis, with strong 
support from physicians and close attention to the deleterious psychosocial 
factors associated with shift work.
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A pproximately 14% of the German workforce 
work at night—defined as between 11 p.m. and 6 

a.m.—at least occasionally, and 15% work alternating 
shifts, e.g. early shift and late shift or early shift, late 
shift, and night shift (1). Shift work is associated with 
increased physical and psychological strain in the short 
term, and in the long term it increases the risk of serious 
illness. Although scientific debate has not yet reached a 
clear conclusion, particularly regarding cancers, recent 
meta-analyses show an increased risk of coronary heart 
disease (relative risk: 1.23; 95% confidence interval: 
[1.15; 1.31]) (2), diabetes mellitus (odds ratio: 1.09; 
[1.05; 1.12]) (3), metabolic syndrome (relative risk: 
1.57; [1.24; 1.98]) (4), and cancer (relative risk: 1.19; 
[1.05; 1.35]) (5), particularly breast cancer (relative 
risk: 1.089; [1.016; 1.166]) (6, 7).

Those who work shifts do not work and sleep in line 
with their endogenous circadian rhythm, so biological and 
social time are misaligned. This is essentially what 
happens after a swift journey through multiple time zones 
and is therefore also known as „social jetlag“ (e1). The en-
dogenous circadian rhythm determines the need for sleep 
and wakefulness, body temperature, heart rate, blood 
pressure, and hormone levels, particularly levels of 
 cortisol and melatonin (e2). Exogenous influences known 
as zeitgebers, such as light in the light-dark cycle of a 
24-hour day, synchronize the endogenous circadian 
rhythm with the astronomical solar day (e3). Although any 
change to the phases of waking and sleeping caused by 
shift work does affect the endogenous chronobiological 
rhythm, external zeitgebers are dominant. Chronobiologi-
cal adaptation of the sleep-wake cycle in those who work 
night shifts is therefore usually inadequate (e4, e5). Total 
melatonin production over the 24-hour day is reduced by 
nocturnal light exposure; this also plays a role in the risk of 
breast cancer (5) (e6). Disrupted cortisol regulation is 
thought to play an important role in arteriosclerotic 
 diseases such as coronary heart disease (e7). As an 
 additional consequence of disrupted circadian rhythm, a 
reduction in mean length of sleep by one hour or 
more—particularly in those who work night shifts, but to a 
lesser extent also in those who work early shifts (e8)—can 
increase the activity of the sympathetic nervous system 
and systemic inflammatory precursors (e9). Independently 
of its biological effects, shift work is often associated with 
psychosocial strain (e10) or less healthy behavior (e11, 
e12).
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The most recent review on the effects of shift work on 
mental health and affective symptoms is a scoping review 
performed by Germany‘s Federal Institute for Occupa-
tional Safety and Health (Bundesanstalt für Arbeits -
schutz und Arbeitsmedizin) (8), which is based on re-
views and original articles, especially cross-sectional 
studies. The authors of the scoping review conclude that 
findings vary, particularly regarding alternating shifts. 
 According to the review, there seems to be a tendency for 
night work to be associated with adverse consequences for 
mental health, most commonly manifesting as acute or 
chronic exhaustion (8). Although there are clear 
 correlations between disrupted chronobiology and mental 
illness (9), as yet the effect of shift work that includes 
night shifts on the onset or exacerbation of specific mental 
illnesses, particularly depression, remains unclear.

This systematic review therefore focuses on how shift 
work affects the onset and progression of depression. It is 
based on prospective studies, as only these allow con-
clusions to be drawn on potential causes and effects.

Method
Literature search and selection
In order to include both medical and psychological 
 literature, the literature search in October 2015 in-
volved the databases PubMed, Scopus, PsycINFO, and 
PSYNDEX, as well as the search platform Medpilot. 
No limit was placed on year of publication. Terms such 
as „burnout,“ „common mental disorders,“ and „mental 
illness“ in connection with shift work were included. 
There were 5682 hits in total (eTable 1). These were 
 selected according to the following criteria, on the basis 
of their titles and, where appropriate, abstracts:

● Population: working individuals
● Exposure: shift work that included night work 

 between 11 p.m. and 6 a.m.
● Comparison group: individuals working during 

the day or with a varying frequency of night shifts
● Outcome: depression measured using a valid 

method or another valid indicator of a depressive 
disorder (eTable 1)

In addition, studies in which shift work could not be 
separated from other working conditions that were 
harmful to health, those in which multiple mental ill-
nesses were target parameters, those in which depress-
ive disorders could not be clearly defined, and those 
with no statistical analysis on the correlation between 
shift work and depression were not included. Selection 
was always performed by 2 of the authors.

The bibliographies of the 35 original papers, the 
scoping review (8), and the 3 earlier relevant reviews 
on shift work and mood disorders (10–12) that re-
mained after several stages of selection were examined 
to see if any other studies could be identified from 
them. Of the 47 suitable fulltexts, 11 original papers 
were included (Figure). Data was extracted by 2 
 authors independently of each other and according to a 
pre-established evaluation plan (Table 1, extended ver-
sion in eTable 2) and presented in Table 1. No subgroup 
analysis was initially planned. Multiple evaluations or 

publications based on the same cohort but examining 
different aspects were selected (Table 1, extended ver-
sion in eTable 2) but were included in the evaluation 
only once. The studies were rated for risk of bias ac-
cording to the criteria stated in the Quality in Prognosis 
Studies (QUIPS) checklist and in line with published 
measures (13, 14) that had already been used in reviews 
on shift work that examined other target parameters 
(15). As recommended (14), scoring was not used 
(Table 2).

In addition, 5 of the studies for which the necessary 
information was available (Table 1, extended version in 
eTable 2) were summarized in a meta-analysis (eBox, 
eFigure).

Results
A total of 11 publications, based on 9 prospective 
studies, met the inclusion criteria for this review.

Because the studies included in the analysis varied 
in terms of country, occupational group, case number, 
length of follow-up, and adjustment for potential con-
founding factors (Table 1, extended version in eTable 
2), their findings also differed.

Five publications find a correlation between shift 
work and an increase in depressive symptoms or 
onset of depression during the observation period, at 

FIGURE

Flow diagram for study selection
*312 publications were initially excluded for reasons of language.

5572 excluded: 
– Duplicates 
– Not in German, English, or French* 
– Not original papers 
– Shift work not examined 
– Depressive disorders not investigated

75 excluded: 
– Not longitudinal 
– No valid measure of depression

36 excluded: 
– No longitudinal study concerning shift 

work and depression
– No correlation calculated between shift 

work and depression or no comparison 
group

– Not truly longitudinal (multiple cross-
sections)

11 included in review

35 fulltexts analyzed 
+ 12 added after reading 

 bibliographies of these publi-
cations and of reviews 

Total: 47

110 fulltexts screened

5682 screened using  
title and abstract

Hits:
2456 PubMed  
1746 Scopus  
599 PsycINFO 
241   PSYNDEX 
640 Medpilot
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least in some subgroups (16–20). Three (21–23) 
found no evidence of a correlation. Out of 3 publi-
cations based on the same cohort of Norwegian 
nurses, only the publication with the longest follow-
up period was included in this analysis, representing 
all 3 (21). The findings of the other 2 (24, 25) are in 
line with those of the included publication. Another 
study reports a correlation between shift work and 
 reduced depressive symptoms in a subgroup of 
workers who stated that they had more autonomy in 
their schedule planning (26).

To summarize by investigated population and 
length of follow-up, studies that investigated nurses 
or those in related professions for a maximum of 2 
years mostly find that there is either no correlation or 
a favorable association between shift work and de-
pression (21, 22, 26). An exception to this is the oldest 
study—also the one with the smallest case 
number—which is quasi-experimental in design and 
does find evidence of an increase in depressive symp-
toms (16). In contrast, studies investigating large 
samples of a more or less unselected population with 
a follow-up lasting between 4 and 10 years do find 
evidence of an increased risk of depression in a 
 subgroup of shift workers: in one case, there was a 
correlation between shift work and risk of depression 
in women only. In men, the correlation disappeared 
after adjustment for psychosocial working conditions 
(17). In another case, the association between shift 
work and depression is found only for men working 
night shifts and women working alternating shifts 
(18), for white-collar but not blue-collar workers (19), 
or not at all after adjustment for psychosocial working 
conditions (20). However, a supplementary meta-
analysis also indicates an increased risk (risk estimate: 
1.42; [0.92, 2.42]) (eFigure).

The shift workers and daytime workers included in 
these studies differed from each other in terms of a 
number of characteristics, only some of which are 
shown explicitly: in particular, there are statistically 
significant differences regarding age (20, 22, 23), sex 
(20, 26), school and occupational education (23, 27), 
weekly working hours (23, 26), family situation (22, 
26), baseline psychological wellbeing (20, 26), 
 psychosocial working conditions (20, 25, 26), and 
professional position (23). However, differences in 
these characteristics that themselves affect mental 
health and might therefore lead to bias were adjusted 
for in all the studies (Table 1, extended version in 
 eTable 2).

Several studies investigated the effect of differ-
ences in a wide range of psychosocial working condi-
tions on the correlation between shift work and 
 depressive disorders. In 3 studies, the findings regard-
ing the effect of shift work on depression did not 
change after adjustment for psychosocial working 
conditions (16, 19, 25). In contrast, in 3 other studies 
the correlation did change when the following work-
ing conditions were adjusted for (17, 20, 26): decision 
latitude, social support by superiors and colleagues, *3
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that so few studies could be included, and by the great 
variation between them in terms of case number, 
length of observation period, occupation, country, and 
measurement of target parameters.

The lack of a correlation between shift work and 
depression may be due to sick individuals switching 
from shift work to daytime work (a healthy worker ef-
fect). Exhaustion, need for rest, sleep disorders, poorer 
overall health, or conflict between work-related and 
private responsibilities increase the probability of 
switching to day shifts (30). Workers react to the first 
symptoms of worsening mental health by switching 
from shift work (31).

The observation that in 2 of the 4 studies (17, 20) 
correlations disappeared after adjustment for psycho-
social working conditions according to the job 
 demand-control-support model (work stress) suggests 
that the correlation between shift work and depression 
is caused at least in part by differences in work-related 
stress between night and other shifts, and thus only 
partly by chronobiological strain due to work being 
misaligned with the body clock. Differences in psy-
chosocial working conditions between shift workers 
and daytime workers can also be found where there 
was no correlation with depression (23). That fact that 
psychosocial working conditions partly determine the 
risk of depressive disorders has been definitively con-
firmed (32, 33). That would shift the practical focus of 
prevention from night shift work or shift planning to 
psychosocial working conditions that are typically less 
favorable for night shift work than for daytime work. 
This includes, for example, reduced social support by 
superiors (20, 26, 34), less freedom to make decisions 
and less control over one‘s work (34, 35), increased 
conflicts at work (35), and more experience of 
 violence (34).

There is little doubt that shift work can have short-
term affective consequences, such as worsened mood, 
which are similar to depressive symptoms. However, 
there is no evidence that these acute complaints 
 increase the risk of developing a clinical depressive 
disorder in the longer term (10). In order to provide an 
at least plausible explanation of how shift work might 
cause depression, the direct consequences of 
 disruption to the chronobiological rhythm must be 
considered: reduced sleep time (36, 37, e8), reduced 
sensitivity of peripheral cortisol receptors and 
 functional hypercortisolism (38, 39), and reduced 
 melatonin production (40).

In addition to the scoping review mentioned above 
(8), all earlier reviews of which we are aware included 
mostly cross-sectional studies, with only a few of the 
11 truly longitudinal studies evaluated here. Most of 
these publications did find an association between 
working night shifts and exhaustion, sleep disorders, 
and reduced wellbeing (11, 12). Regarding an associ-
ation between working night shifts and mental illness, 
particularly depression, Tucker and Knowles conclude 
that the hypothesis of a correlation is at least sup-
ported (10). Vogel et al. rate the evidence provided by 

demands of work, pride in work, and control over 
working hours.

None of the studies investigated whether selection 
caused by excluding sensitive or sick employees from 
shift work may have led to a healthy worker effect re-
sulting in no differences being found between shift 
workers and daytime workers. Thun et al. (21) did 
find evidence of selection: depressive mood improved 
in individuals who switched from night shifts to day 
shifts during the observation period. Driesen et al. 
(20) show that depressive mood increases the prob-
ability of switching from night shifts to day shifts. In 
a sensitivity analysis, Norder et al. (23) conclude that 
their findings do not change when only individuals 
who did not switch their shift plans during the obser-
vation period are included.

Discussion
To the best of our knowledge, we have put together 
the first systematic review on the correlation between 
shift work that includes night shifts and depression, 
which is the group of mental illnesses that plays a 
dominant role in the workplace (28). The studies 
evaluated in this review, all of which are prospective, 
yield evidence both for and against an increased risk of 
depression in those who work shifts. These correlations 
show patterns.

The finding that there is no such association among 
nurses is essentially based on 2 studies conducted in 
Norway (21, 24, 25) and Denmark (26). It can be 
speculated that favorable working conditions in these 
countries, such as opportunities to determine one‘s 
own shift plan (26), reduce the damaging effects of 
shift work. Other psychosocial factors may also play a 
dominant role among nurses, mask the effects of shift 
work, and explain why depression is a greater burden 
in this occupation than in the general population (29). 
Finally, it is possible that shift work only increases the 
risk of depression after several years.

In contrast, studies that drew their samples from the 
general population and thus from a wide variety of oc-
cupations did find an increased risk of depressive dis-
orders in some subgroups over a long observation 
period (more than 4 years) (17–20). These studies 
examined workers who differed from each other in 
terms of country and culture, training and profession, 
psychosocial working conditions, socioeconomic 
status, and other characteristics that have a wide range 
of effects on the risk of depressive disorders. As they 
nevertheless concurred in finding that shift work af-
fected depression, although in different subgroups and 
with differing definitions of exposure, it seems more 
likely that there truly is a correlation. The findings of 
the supplementary meta-analysis essentially confirm 
the conclusion of the systematic review: prospective, 
high-quality studies indicate that in all occupational 
groups shift work that includes night work can in-
crease the risk of depression. However, this evidence 
cannot be statistically confirmed at this time. The stat-
istical power of the meta-analysis is limited by the fact 
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studies as lacking solid proof of a correlation (12) but 
also indicate the role of psychosocial factors (12).

Interpretation of our findings is limited by the fact 
that although we performed a comprehensive search 
of the literature we were able to find only a very small 
number of studies that could be included in the analy-
sis. Because correlations were found only in varying, 
non-comparable subgroups, the power of the meta-
analysis was limited. Similarly, it was not worthwhile 
to use a scoring system to provide a quantitative 
evaluation of the evidence (15); moreover, the QUIPS 
criteria do not recommend this (14). Our findings can-
not be extrapolated to other psychiatric illnesses. If the 
findings were extrapolated to other shift systems that 
did not include night work, the effects found would 
probably tend to be weaker.

Summary
Even after decades of research into the impact of shift 
work on health, it remains unclear whether shift work—in 
its chronobiologically most marked form, shift work that 
includes night work—can increase the risk of developing 
or exacerbating depression. While studies in nurses do not 
confirm such a correlation, there are multiple findings 
from high-quality studies conducted in the working popu-
lation in general that do suggest correlations. However, no 
definitive conclusion can be drawn because the findings 
differ concerning specific groups and circumstances in 
which the risk is increased. It seems that, in addition to the 
direct effects of disrupted chronobiological rhythm on 
sleep, hormone regulation, and many other biological 
functions, psychosocial working conditions with adverse 
effects on health, which are qualitatively and quantitatively 
different for shift workers and those who work during the 
day, play a role in mediating certain effects. There do not 
seem to be grounds for medical professionals to advise 
all individuals who are at increased risk of depression or 
have suffered depression to avoid shift work. Instead, it 
may be beneficial to adopt a highly personalized 
 approach, closely observing work-related complaints and 
noting psycho social working conditions that entail 
 psychological stress. The best way to achieve further 
 advances in knowledge is by conducting large cohort 
studies in which shift systems, working conditions, 
 individual characteristics, and illness are differentiated 
and documented using a valid procedure.
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eTABLE 1

Search strategy to identify relevant articles*

*According to PICO (Population, Intervention, Comparison, Outcome); BDI: Beck Depression Inventory; HADS: Hospital Anxiety and Depression Scale; GHQ: General Health Questionnaire; 
CES-D: Center for Epidemiological Studies Depression Scale; HAM-21: Hamilton Depression Rating Scale, 21 items; POMS: Profile of Mood States

Population

Intervention/exposure

Control/comparison 
group

Outcome

Study type

Languages

Study period

Search terms

Limitations

Databases and search 
technique

Total hits

Other selection 
 procedures

Working individuals

Shift work that includes work between 11 a.m. and 6 p.m.

- No shift work
- Varying frequency of night shifts

Depression, measured using:
- A valid questionnaire, e.g. BDI, HADS, GHQ, CES-D, HAM-21, POMS, etc. or
- Tool/questions sufficiently described and clinically appropriate or 
- Another valid indicator of depressive illness, e.g. self-reported diagnosis by physician, health insurance information, etc.

Longitudinal studies: cohort study, case-control study, quasi-experimental study

German, English, French

Start of database to October 2015

(shift work* OR shiftwork* OR evening shift* OR night shift* OR extended shift* OR irregular shift* OR fixed shift* OR roster shift*) OR 
„extended work shifts“ OR „extended work shift“ OR ((circadian OR „biological clock“ OR morningness OR eveningness OR chrono-
biology OR „circadian rhythm“ OR chronotype OR „sleep-wake cycle“ OR „sleep-wake schedule“) AND disrupt*) OR „work time“ OR 
„work* schedule*“ OR „shift duration*“ OR „night work“ OR „weekend work“ OR „irregular work“ OR „rotating night shift*“ OR „shift 
 systems“ OR „Work schedule“ OR „Working time“ OR „Work Scheduling“ OR „Workday Shifts“
AND
„Depression“ OR „Depressive Disorder“ OR „Depressive Disorder, Major“ OR „Bipolar Disorder“ OR „Adjustment Disorders“ OR 
 „Anxiety“ OR „Anxiety disorder“ OR „Somatoform Disorder“ OR „somatic symptom disorder“ OR „Conversion Disorder“ OR „illness 
 anxiety disorder“ OR „pain disorder“ OR „undifferentiated somatic symptom disorder“ OR „Mental Disorder“ OR „burnout“ OR „mental 
illness“ OR „emotional disorder“ OR „emotional instability“

- Shift work inseparable from other working conditions that potentially foster depression (e.g. nighttime work in combination with 
 excessively long working hours for doctors)

- Outcome mental illness, depression could not be separated from others
- Correlation between exposure and target parameter not statistically quantified

- PubMed, PsycINFO: „all fields“
- Scopus, PSYNDEX: „title and abstract“
- Medpilot (5 searches): „shiftwork“ AND „depression,“ „anxiety,“ „burnout,“ „somatoform“ AND „bipolar“

5682

Figure



M E D I C I N E

III Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 404–11 | Supplementary material

eT
A

B
LE

 2

Ex
te

nd
ed

 ve
rs

io
n:

 lo
ng

itu
di

na
l s

tu
di

es
 o

n 
th

e 
co

rr
el

at
io

n 
be

tw
ee

n 
sh

ift
w

or
k 

th
at

 in
cl

ud
es

 n
ig

ht
 s

hi
fts

 a
nd

 d
ep

re
ss

ive
 d

is
or

de
rs

Ma
in

 
au

th
or

, 
ye

ar

Ba
ra

, 
20

09
(1

8)

Be
rt-

he
lse

n, 
20

15
*

(2
5)

n 97
65

t1:
 

20
59

t2:
 

15
82

Sa
m

pl
e

Re
pr

es
en

tat
ive

 sa
mp

le 
dr

aw
n f

ro
m 

pr
iva

te 
ho

us
e-

ho
lds

 in
 th

e B
riti

sh
 H

ou
se

-
ho

ld 
Pa

ne
l S

ur
ve

y, 
19

95
 to

 
20

05

W
om

en
: 5

3.3
%

Ag
e, 

ye
ar

s:
21

 to
 25

: 8
.5%

26
 to

 34
: 2

1.8
%

35
 to

 44
: 2

6.8
%

 
45

 to
 54

: 2
1.8

%
 

55
 to

 64
: 1

6.6
%

65
 to

 73
: 4

.4%

Me
n: 

46
.7%

Ag
e, 

ye
ar

s:
21

 to
 25

: 9
.4%

26
 to

 34
: 2

1.3
%

35
 to

 44
: 2

6.3
%

 
45

 to
 54

: 2
1.3

%
 

55
 to

 64
: 1

6.1
%

65
 to

 73
: 5

.7%

(N
o i

nfo
rm

ati
on

 on
 ag

e o
r 

se
x, 

dis
trib

ute
d i

n l
ine

 w
ith

 
co

mp
ar

iso
n g

ro
up

s)

Nu
rse

s (
lis

t o
f m

em
be

rs 
of 

the
 N

or
we

gia
n N

ur
se

s‘ 
 Or

ga
niz

ati
on

)

W
om

en
: 9

0.9
%

Me
n: 

9.1
%

Me
an

 ag
e: 

33
.1 

ye
ar

s (
21

 
to 

63
, S

D 
= 

8.2
 (d

ata
 fr

om
 

Th
un

 et
 al

. [2
1])

Ag
e:

<3
0: 

38
.1%

 
30

 to
 39

: 4
2.7

%
 

40
 to

 49
: 1

3.7
%

 
50

 to
 59

: 5
.1%

 
>5

9: 
0.4

%
(N

o i
nfo

rm
ati

on
 on

 ag
e o

r 
se

x, 
dis

trib
ute

d i
n l

ine
 w

ith
 

co
mp

ar
iso

n g
ro

up
s)

Co
un

-
try UK No

rw
ay

Re
sp

on
se

 ra
te

20
03

: 6
4.9

%
 

19
95

: 7
7.3

%
 

Ba
se

lin
e: 

38
.1%

W
av

e 2
: 7

6.8
%

Co
m

pa
re

d 
gr

ou
ps

/sh
ift

 
 sy

st
em

s

Ni
gh

t s
hif

t o
r a

lte
rn

ati
ng

 sh
ifts

 
ve

rsu
s d

ay
tim

e w
or

k, 
str

ati
fie

d b
y 

se
x

Ni
gh

t s
hif

t o
nly

 ve
rsu

s 3
-sh

ift 
 sy

ste
m 

(d
ay

 sh
ift,

 ev
en

ing
 sh

ift,
 

nig
ht 

sh
ift)

 ve
rsu

s 2
-sh

ift 
sy

ste
m 

(d
ay

 sh
ift,

 ev
en

ing
 sh

ift)
 ve

rsu
s 

da
yti

me
 w

or
k o

nly

Me
as

ur
e o

f 
 de

pr
es

sio
n 

GH
Q-

12
 

HA
DS

W
he

n 
 m

ea
su

re
d

Me
as

ur
ed

 
11

 tim
es

 
(a

nn
ua

lly
, 

19
95

 to
 

20
05

)

Me
as

ur
ed

 
tw

ice
 (b

as
e-

lin
e: 

20
08

/20
09

; 
fol

low
-u

p: 
12

 
mo

nth
s 

 lat
er

)

St
at

ist
ica

l 
an

aly
sis

Lo
gis

tic
 

 re
gr

es
sio

n

Bi
va

ria
te 

 bin
ar

y l
og

is-
tic

 re
gr

es
 -

sio
n, 

 AN
OV

A

Ad
ju

st
m

en
t

Ag
e, 

re
lat

ion
sh

ip 
sta

tus
, tr

ain
ing

, 
ye

ar
s‘ 

wo
rk 

in 
6 

oc
cu

pa
tio

na
l 

 ca
teg

or
ies

, 
 pr

ofe
ss

ion
al 

 ex
pe

rie
nc

e, 
 ba

se
lin

e G
HQ

 
sc

or
e

Ag
e, 

se
x, 

re
la -

tio
ns

hip
 st

atu
s, 

ch
ild

re
n l

ivi
ng

 at
 

ho
me

, a
nx

iet
y 

an
d d

ep
re

ss
ion

 
at 

ba
se

lin
e

In
clu

de
d 

in
 m

et
a-

an
aly

sis

Ye
s

No

Co
rre

lat
io

n 
be

tw
ee

n 
sh

ift
 w

or
k a

nd
 

 de
pr

es
sio

n

Inc
re

as
ed

 de
pr

es
sio

n 
in: Me

n a
fte

r >
4 y

ea
rs 

on
 

nig
ht 

sh
ifts

OR
: 6

.08
; 9

5%
 C

I: 
[2.

06
; 1

7.9
2]

W
om

en
 af

ter
 >

4 y
ea

rs 
on

 va
rio

us
 sh

ifts
OR

: 2
.58

; 9
5%

 C
I: 

[1.
53

; 4
,35

]

No
 co

rre
lat

ion



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 404–11 | Supplementary material IV

Ma
in

 
au

th
or

, 
ye

ar

Bi
ldt

, 
20

02
(1

7)

Bo
hle

, 
19

89
(1

6)

d’E
rri

-
co

, 
20

11
(1

9)

Dr
ie-

se
n, 

20
11

(2
0)

n 42
0

60 21
05

81
78

Sa
m

pl
e

Ge
ne

ra
l S

we
dis

h 
 po

pu
lat

ion

W
om

en
: 5

3%
Me

n: 
47

%

Ag
e: 

42
 to

 58
 ye

ar
s

(N
o i

nfo
rm

ati
on

 on
 ag

e o
r 

se
x, 

dis
trib

ute
d i

n l
ine

 w
ith

 
co

mp
ar

iso
n g

ro
up

s)

Nu
rse

s

W
om

en
: 1

00
%

Me
an

 ag
e: 

18
.9 

(1
7 t

o 3
0)

 
ye

ar
s

(N
o i

nfo
rm

ati
on

 on
 ag

e, 
 dis

trib
ute

d i
n l

ine
 w

ith
 co

m-
pa

ris
on

 gr
ou

ps
)

Me
mb

er
s o

f a
n I

tal
ian

 la
bo

r 
un

ion
W

om
en

: 2
3%

Me
n: 

77
%

Ag
e, 

ye
ar

s:
15

 to
 24

: 2
.1%

25
 to

 44
: 6

1.6
%

>4
5: 

36
.3%

(N
o i

nfo
rm

ati
on

 on
 ag

e o
r 

se
x, 

dis
trib

ute
d i

n l
ine

 w
ith

 
co

mp
ar

iso
n g

ro
up

s)

Em
plo

ye
es

 of
 45

 di
ffe

re
nt 

co
mp

an
ies

 an
d o

rg
an

iza
 -

tio
ns

W
om

en
: 1

8/1
0%

Me
n: 

82
/90

%
 (d

ay
tim

e 
wo

rk/
sh

ift 
wo

rk)

Ag
e, 

ye
ar

s:
42

.7 
± 

8.7
 (d

ay
tim

e w
or

k)
37

.5 
± 

8.6
 (s

hif
t w

or
k)

fro
m 

the
 M

aa
str

ich
t C

oh
or

t 
St

ud
y

Co
un

-
try Sw

ed
en

Au
str

a-
lia Ita

ly

Th
e 

Ne
the

r-
lan

ds

Re
sp

on
se

 ra
te

19
93

: 6
2%

19
97

: 8
7%

No
t s

tat
ed

Ba
se

lin
e: 

60
%

Fo
llo

w-
up

: 5
1%

Ba
se

lin
e: 

no
t 

sta
ted

Fo
llo

w-
up

: 7
4.3

%
 

(o
f b

as
eli

ne
 

 figur
e)

Co
m

pa
re

d 
gr

ou
ps

/sh
ift

 
 sy

st
em

s

Sh
ift 

wo
rk 

(6
 di

ffe
re

nt 
sh

ift 
typ

es
, 

inc
lud

ing
 ni

gh
t s

hif
t a

t th
at 

tim
e)

 
ve

rsu
s d

ay
tim

e w
or

k

2-
sh

ift 
sy

ste
m 

(m
on

ths
 1 

to 
6: 

da
y 

an
d a

fte
rn

oo
n s

hif
t),

 th
en

 3-
sh

ift 
sy

ste
m 

(m
on

ths
 7 

to 
15

; d
ay

, a
f-

ter
no

on
, a

nd
 ni

gh
t s

hif
t) 

ve
rsu

s 
2-

sh
ift 

sy
ste

m 
(m

on
th 

15
; d

ay
 an

d 
aft

er
no

on
 sh

ift)

2-
sh

ift 
sy

ste
m 

or
 3–

 to
 4-

sh
ift 

 sy
ste

m 
or

 irr
eg

ula
r s

hif
t w

or
k 

 ve
rsu

s d
ay

tim
e w

or
k

2-
, 3

-, 
4-

, o
r 5

-sh
ift 

sy
ste

m 
or

 irr
e-

gu
lar

 sh
ift 

pla
ns

 (a
ll w

ith
 ni

gh
t 

sh
ifts

) v
er

su
s d

ay
tim

e w
or

k

Me
as

ur
e o

f 
 de

pr
es

sio
n 

Int
er

vie
w 

 co
nd

uc
ted

 by
 

ps
yc

ho
log

ist
s, 

as
se

ss
me

nt 
ac

-
co

rd
ing

 to
 D

SM
-

III-
R 

cri
ter

ia

GH
Q-

12

GH
Q-

12

Ind
ire

ctl
y v

ia 
pr

es
cri

pti
on

 of
 

an
tid

ep
re

ss
an

ts

Ps
yc

hia
tric

 in
ter

-
vie

w 
(sc

re
en

ing
 

qu
es

tio
n c

on
ce

r-
nin

g d
ep

re
ss

ion
)

HP
Q

W
he

n 
 m

ea
su

re
d

Me
as

ur
ed

 
tw

ice
 (1

99
3 

an
d 1

99
7)

Me
as

ur
ed

 3 
tim

es
 (im

-
me

dia
tel

y 
aft

er
 be

ing
 

hir
ed

, i.
e. 

be
for

e s
tar

t 
of 

sh
ift 

wo
rk,

 
an

d a
fte

r 6
 

an
d 1

5 
mo

nth
s)

Me
as

ur
ed

 
tw

ice
 (b

as
e-

lin
e: 

19
99

 to
 

20
00

; fo
llo

w-
up

: 2
00

5)

Me
as

ur
ed

 3 
tim

es
 (1

-, 
2–

 
an

d 1
0-

ye
ar

 
fol

low
-u

p; 
ba

se
lin

e: 
19

98
; la

st 
fol

low
-u

p: 
20

08
)

St
at

ist
ica

l 
an

aly
sis

Bi
va

ria
te 

an
d m

ult
iva

-
ria

te 
an

aly
-

se
s

AN
OV

A 
wi

th 
re

pe
ate

d 
me

as
ur

e-
me

nt,
 

 mu
ltip

le 
 re

gr
es

sio
n

Po
iss

on
 

 re
gr

es
sio

n

AN
OV

A,
 

ch
i-s

qu
ar

e 
tes

t, h
az

ar
d 

ra
tio

, lo
gis

tic
 

re
gr

es
sio

n, 
Co

x r
eg

re
s-

sio
n, 

OR
, 

RR

Ad
ju

st
m

en
t

Ps
yc

ho
so

cia
l 

wo
rki

ng
 co

nd
i -

tio
ns

, s
ub

cli
nic

al 
de

pr
es

sio
n, 

 re
du

ce
d p

sy
ch

o-
log

ica
l w

ell
be

ing
, 

hig
h a

lco
ho

l 
 co

ns
um

pti
on

, 
 litt

le 
so

cia
l c

on
-

tac
t, c

ris
es

, p
hy

s -
ica

l in
ac

tiv
ity

, 
gr

ea
t p

hy
sic

al 
str

ain
 ou

tsi
de

 
wo

rk,
 in

ad
eq

ua
te 

co
pin

g s
tra

teg
ies

Ex
tra

ve
rsi

on
, 

ne
ur

oti
cis

m,
 

 ch
ro

no
typ

e, 
 vit

ali
ty,

 rig
idi

ty,
 

co
nfl

ict
 be

tw
ee

n 
wo

rk 
an

d p
riv

ate
 

life
, s

oc
ial

 su
p-

po
rt

Ag
e, 

se
x, 

oc
cu

-
pa

tio
na

l g
ro

up

Tr
ain

ing
, li

vin
g 

alo
ne

, fr
ee

do
m 

to 
ma

ke
 de

cis
ion

s, 
su

pp
or

t b
y c

ol-
lea

gu
es

 an
d s

u-
pe

rio
rs,

 ph
ys

ica
l, 

me
nta

l, a
nd

 em
o-

tio
na

l d
em

an
ds

 
of 

wo
rk

In
clu

de
d 

in
 m

et
a-

an
aly

sis

Ye
s

No Ye
s

Ye
s

Co
rre

lat
io

n 
be

tw
ee

n 
sh

ift
 w

or
k a

nd
 

 de
pr

es
sio

n

Inc
re

as
ed

 de
pr

es
sio

n 
in: W

om
en

 (b
iva

ria
te 

an
d 

mu
ltiv

ar
iat

e a
na

lys
es

): 
RR

: 2
.4;

 95
%

 C
I: [

1.0
; 

5.8
]

Me
n (

un
iva

ria
te 

an
aly

-
se

s o
nly

): 
RR

: 2
.2;

 
95

%
 C

I: [
1.0

, 5
.2]

, 
mu

ltiv
ar

iat
e n

ot 
sig

nif
i-

ca
nt

Inc
re

as
ed

 de
pr

es
sio

n 
aft

er
 sw

itc
hin

g t
o s

ys
-

tem
 w

ith
 ni

gh
t s

hif
ts

Inc
re

as
ed

 de
pr

es
sio

n 
in 

su
bg

ro
up

 of
 w

hit
e-

co
lla

r w
or

ke
rs 

on
ly

RR
: 2

.58
; 9

5%
 C

I: 
[1.

30
; 5

.11
]

Inc
re

as
ed

 de
pr

es
sio

n 
in: Me

n: 
HR

: 1
.22

; 9
5%

 
CI

: [1
.02

; 1
.46

]
Me

n ≥
 45

: H
R:

 1.
37

; 
95

%
 C

I: [
1.0

1; 
1.8

6] 
(u

na
dju

ste
d)

Di
ffe

re
nc

e d
isa

pp
ea

rs 
aft

er
 ad

jus
tm

en
t fo

r 
de

mo
gr

ap
hic

 an
d 

 ps
yc

ho
so

cia
l w

or
kin

g 
co

nd
itio

ns



M E D I C I N E

V Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 404–11 | Supplementary material

Ma
in

 
au

th
or

, 
ye

ar

Flo
, 

20
14

*
(2

4)

Lin
, 

20
12

(2
2)

Na
be

-
Ni

el-
se

n, 
20

11
(2

6)

n 12
24

40
7

21
48

Sa
m

pl
e

Nu
rse

s

W
om

en
: 9

0.3
%

Me
n: 

9.7
%

Me
an

 ag
e: 

33
.6 

± 
8.3

 ye
ar

s

Lis
t o

f m
em

be
rs 

of 
the

 
 No

rw
eg

ian
 N

ur
se

s‘ 
Or

ga
ni-

za
tio

n

Nu
rse

s

W
om

en
: 1

00
%

Ag
e, 

ye
ar

s (
co

ho
rts

 
 wo

rki
ng

 in
 a 

3-
sh

ift 
sy

ste
m 

on
ly)

20
 to

 24
:  3

4.2
%

25
 to

 29
 : 2

6.0
%

30
 to

 34
 : 1

6.5
%

35
 to

 39
: 8

.2%
 

40
 to

 45
: 1

.7%

(N
o i

nfo
rm

ati
on

 on
 ag

e, 
 dis

trib
ute

d i
n l

ine
 w

ith
 co

m-
pa

ris
on

 gr
ou

ps
)

As
sis

tan
ts 

an
d a

ux
ilia

rie
s 

tra
ini

ng
 in

 so
cia

l a
nd

 he
alt

h 
se

rvi
ce

s

W
om

en
: 9

6.6
/94

.9%
Me

n: 
4.4

/5.
1%

(d
ay

tim
e w

or
k/s

hif
t w

or
k)

Me
an

 ag
e, 

ye
ar

s:
35

.8 
± 

10
.1 

35
.9 

± 
11

.0

Co
un

-
try No

rw
ay

Ta
iw

an

De
n-

ma
rk

Re
sp

on
se

 ra
te

W
av

e 1
: 3

8.1
%

W
av

e 2
: 8

0.9
%

Ba
se

lin
e: 

14
.4%

Fo
llo

w-
up

: 6
5.5

%
 

(o
f b

as
eli

ne
 fig

u-
re

)

20
04

: 9
0%

20
05

: 6
5%

20
06

: 5
6%

Co
m

pa
re

d 
gr

ou
ps

/sh
ift

 
 sy

st
em

s

Da
yti

me
 w

or
k o

nly
 or

 ni
gh

t s
hif

t 
on

ly 
or

 2-
sh

ift 
sy

ste
m 

(d
ay

 an
d 

ev
en

ing
 sh

ift)
 or

 3-
sh

ift 
sy

ste
m 

(d
ay

, e
ve

nin
g, 

an
d n

igh
t s

hif
t)

Co
rre

lat
ion

 be
tw

ee
n n

o. 
of 

br
ea

ks
 

be
tw

ee
n s

hif
ts 

of 
les

s t
ha

n 1
1 

ho
ur

s (
qu

ick
 re

tur
ns

) w
he

n f
irs

t 
me

as
ur

ed
 or

 ch
an

ge
 in

 no
. 

 be
tw

ee
n m

ea
su

re
me

nt 
tim

es
 an

d 
me

nta
l il

lne
ss

 w
he

n m
ea

su
re

d f
or

 
se

co
nd

 tim
e

On
ly 

nu
rse

s w
or

kin
g a

 3-
sh

ift 
sy

s-
tem

 (d
ay

, e
ve

nin
g, 

an
d n

igh
t s

hif
t)

Co
mp

ar
iso

n o
f:

mo
re

 ni
gh

t s
hif

ts
ve

rsu
s

few
er

 ni
gh

t s
hif

ts
ve

rsu
s

the
 sa

me
 no

. o
f n

igh
t s

hif
ts

at 
fol

low
-u

p

Sh
ift 

wo
rk 

tha
t in

clu
de

s l
ate

 sh
ifts

 
(1

7%
), 

nig
ht 

sh
ifts

 on
ly 

(4
%

), 
an

d 
alt

er
na

tin
g s

hif
ts 

tha
t in

clu
de

 
nig

ht 
sh

ifts
 (2

6%
) v

er
su

s d
ay

 
sh

ifts
 (5

3%
)

Me
as

ur
e o

f 
 de

pr
es

sio
n 

HA
DS

GH
Q-

12

Co
ps

oq
 M

en
tal

 
He

alt
h (

de
pr

es
-

sio
n, 

qu
es

tio
ns

 
on

 an
xie

ty,
 

 me
lan

ch
oly

, 
go

od
 m

oo
d)

W
he

n 
 m

ea
su

re
d

Me
as

ur
ed

 
tw

ice
 (b

as
e-

lin
e; 

fol
low

-
up

 at
 1 

ye
ar

)

Me
as

ur
ed

 
tw

ice
 

(n
ur

se
s 

 wo
rki

ng
 

sh
ifts

 on
ly;

 
ba

se
lin

e: 
 Ju

ly 
20

05
 to

 
Oc

tob
er

 
20

05
; fo

llo
w-

up
: 6

 to
 10

 
mo

nth
s 

 lat
er

)

Me
as

ur
ed

 3 
tim

es
 (b

as
e-

lin
e: 

20
04

; 
fol

low
-u

p: 
20

05
 an

d 
20

06
)

St
at

ist
ica

l 
an

aly
sis

Lo
gis

tic
 

 re
gr

es
sio

n

Ch
i-s

qu
ar

e 
tes

t, A
NO

-
VA

, A
NC

O-
VA

, li
ne

ar
 

an
d l

og
ist

ic 
re

gr
es

sio
n, 

t-t
es

t

Ge
ne

ra
l 

 lin
ea

r 
 mo

de
l: d

iffe
-

re
nc

e 
 be

tw
ee

n 
gr

ou
ps

 in
 

me
an

 
sc

or
es

 fo
r 

tar
ge

t 
 ou

tco
me

 
(m

en
tal

 
 he

alt
h)

Ad
ju

st
m

en
t

Ag
e, 

se
x, 

de
pr

es
-

sio
n a

t w
av

e 1
, 

no
. o

f q
uic

k r
e-

tur
ns

, n
o. 

of 
nig

ht 
sh

ifts
 at

 w
av

e 1
, 

inc
re

as
e o

r d
e-

cre
as

e i
n n

o. 
of 

qu
ick

 re
tur

ns
 

 be
tw

ee
n w

av
e 1

 
an

d w
av

e 2
, in

-
cre

as
e o

r d
e -

cre
as

e i
n n

o. 
of 

nig
ht 

sh
ifts

No
. o

f n
igh

t s
hif

ts 
at 

ba
se

lin
e

Ag
e, 

pr
ofe

ss
ion

al 
ex

pe
rie

nc
e, 

re
la-

tio
ns

hip
 st

atu
s, 

no
. o

f c
hil

dr
en

, 
wo

rk 
in 

a m
ed

ica
l 

ce
nte

r v
er

su
s i

n 
a h

os
pit

al

Se
x, 

ag
e, 

ed
uc

a-
tio

n, 
me

nta
l 

 he
alt

h a
t b

as
e -

lin
e, 

em
oti

on
al 

de
ma

nd
s a

nd
 

 re
qu

ire
me

nt 
to 

co
nc

ea
l o

ne
‘s 

fee
lin

gs
, c

on
tro

l 
ov

er
 w

or
kin

g c
on

-
dit

ion
s i

n g
en

er
al,

 
so

cia
l s

up
po

rt 
by

 
su

pe
rio

rs 
an

d 
co

lle
ag

ue
s, 

an
d 

ho
ur

s w
or

ke
d p

er
 

we
ek

In
clu

de
d 

in
 m

et
a-

an
aly

sis

No No No

Co
rre

lat
io

n 
be

tw
ee

n 
sh

ift
 w

or
k a

nd
 

 de
pr

es
sio

n

No
 co

rre
lat

ion
 be

tw
ee

n 
no

. o
f q

uic
k r

etu
rn

s 
an

d a
nx

iet
y o

r 
 de

pr
es

sio
n

No
 co

rre
lat

ion

(sp
ec

ific
all

y: 
no

 
ch

an
ge

 in
 fr

eq
ue

nc
y 

of 
de

pr
es

sio
n w

ith
 

ch
an

ge
 in

 no
. o

f n
igh

t 
sh

ifts
)

No
 co

rre
lat

ion
 ov

er
all

No
 di

ffe
re

nc
e b

etw
ee

n 
sh

ift 
wo

rke
rs 

an
d n

igh
t 

sh
ift 

wo
rke

rs 
wi

th 
no

 
co

ntr
ol 

ov
er

 w
or

k 
sc

he
du

le 
pla

nn
ing

Lo
we

r r
isk

 of
 de

pr
es

 -
sio

n w
ith

 sh
ift 

wo
rk 

plu
s c

on
tro

l o
ve

r w
or

k 
sc

he
du

le 
pla

nn
ing



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 404–11 | Supplementary material VI

*3
Pu

bli
ca

tio
ns

 ba
se

d o
n t

he
 sa

me
 co

ho
rt:

 ev
alu

ati
on

 in
clu

de
s o

nly
 th

e p
ap

er
 by

 T
hu

n e
t a

l. (
21

), 
to 

re
pr

es
en

t a
ll o

f th
em

.
AN

OV
A:

 V
ar

ian
ce

 an
aly

sis
; A

NC
OV

A:
 C

ov
ar

ian
ce

 an
aly

sis
; C

op
so

q: 
Co

pe
nh

ag
en

 P
sy

ch
os

oc
ial

 Q
ue

sti
on

na
ire

; D
SM

-II
I-R

: D
iag

no
sti

c a
nd

 S
tat

ist
ica

l M
an

ua
l o

f M
en

tal
 D

iso
rd

er
s; 

GH
Q-

12
: G

en
er

al 
He

alt
h Q

ue
sti

on
na

ire
; H

AD
S:

 H
os

pit
al 

An
xie

ty 
an

d D
ep

re
ss

ion
 

 Sc
ale

; H
PQ

: W
or

ld 
He

alt
h O

rg
an

iza
tio

n‘s
 H

ea
lth

 an
d W

or
k P

er
for

ma
nc

e Q
ue

sti
on

na
ire

; H
R:

 H
az

ar
d r

ati
o; 

IC
D:

 In
ter

na
tio

na
l C

las
sif

ica
tio

n o
f D

ise
as

es
; C

I: C
on

fid
en

ce
 in

ter
va

l; O
R:

 O
dd

s r
ati

o; 
RR

: R
ela

tiv
e r

isk
; S

D:
 S

tan
da

rd
 de

via
tio

n

Ma
in

 
au

th
or

, 
ye

ar

No
rd

er,
 

20
15

(2
3)

Th
un

, 
20

14
*

(2
1)

n 58
26

63
3

Sa
m

pl
e

Ind
us

tria
l m

an
ufa

ctu
rin

g 
em

plo
ye

es
 (s

tee
l w

or
kin

g)

Me
n: 

10
0%

Me
an

 ag
e, 

ye
ar

s:
47

.2 
± 

7.0
45

.3 
± 

8.0
(d

ay
tim

e w
or

k/s
hif

t w
or

k)

Nu
rse

s
Lis

t o
f m

em
be

rs 
of 

the
 

 No
rw

eg
ian

 N
ur

se
s‘ 

 Or
ga

niz
ati

on

W
om

en
: 1

00
%

Me
an

 ag
e:

34
.7 

± 
9.1

 ye
ar

s
(N

o i
nfo

rm
ati

on
 on

 ag
e, 

 dis
trib

ute
d i

n l
ine

 w
ith

 
 co

mp
ar

iso
n g

ro
up

s)

Co
un

-
try Th

e 
Ne

the
r-

lan
ds

No
rw

ay

Re
sp

on
se

 ra
te

Se
co

nd
ar

y d
ata

 
(5

27
 of

 a 
tot

al 
of 

66
78

 ex
clu

de
d 

du
e t

o i
nc

om
 -

ple
te 

inf
or

ma
tio

n, 
i.e

. d
ata

se
t 9

2%
 

co
mp

let
e)

W
av

e 1
: 3

8%
W

av
e 2

: 8
1%

W
av

e 3
: 7

9%

Co
m

pa
re

d 
gr

ou
ps

/sh
ift

 
 sy

st
em

s

Al
ter

na
tin

g s
hif

ts 
tha

t in
clu

de
 

nig
ht 

sh
ifts

 ve
rsu

s d
ay

tim
e w

or
k

Sh
ift 

wo
rk 

wi
th 

nig
ht 

sh
ift 

on
ly 

 ve
rsu

s d
ay

tim
e w

or
k o

nly
 or

 sh
ift 

wo
rk 

inc
lud

ing
 ea

rly
 an

d l
ate

 
sh

ifts
 ve

rsu
s n

igh
t s

hif
t w

he
n f

irs
t 

me
as

ur
ed

 an
d n

o n
igh

t s
hif

t w
he

n 
me

as
ur

ed
 fo

r t
hir

d t
im

e v
er

su
s n

o 
nig

ht 
sh

ift 
wh

en
 fir

st 
me

as
ur

ed
 

an
d n

igh
t s

hif
t w

he
n m

ea
su

re
d f

or
 

thi
rd

 tim
e

Me
as

ur
e o

f 
 de

pr
es

sio
n 

Tim
e o

ff w
or

k 
du

e t
o m

en
tal

 ill
-

ne
ss

 (e
mo

tio
na

l 
dis

or
de

rs 
IC

D-
10

 R
45

 or
 

ps
yc

ho
log

ica
l 

an
d b

eh
av

ior
al 

dis
or

de
rs 

IC
D-

10
 F

00
 to

 
F9

9)

HA
DS

W
he

n 
 m

ea
su

re
d

Al
l ti

me
 of

f 
wo

rk 
re

co
rd

 -
ed

 ov
er

 10
 

ye
ar

s, 
me

an
 

fol
low

-u
p 7

.7 
ye

ar
s (

SD
: 

3.0
 ye

ar
s) 

(re
gis

ter
 of

 
wo

rkp
lac

e 
me

dic
al 

 se
rvi

ce
)

Me
as

ur
ed

 3 
tim

es
 (w

int
er

 
20

09
, 2

01
0, 

20
11

)

St
at

ist
ica

l 
an

aly
sis

Co
x r

eg
re

s-
sio

n, 
HR

, 
95

%
 C

I

La
ten

t 
gr

ow
th 

cu
r-

ve
 m

od
el,

 
dr

op
ou

t 
an

aly
se

s

Ad
ju

st
m

en
t

Ag
e a

nd
 po

st 
he

ld

Ag
e, 

ha
rd

ine
ss

, 
ch

ro
no

typ
e, 

 let
ha

rg
y, 

fle
xib

ilit
y

In
clu

de
d 

in
 m

et
a-

an
aly

sis

Ye
s

No

Co
rre

lat
io

n 
be

tw
ee

n 
sh

ift
 w

or
k a

nd
 

 de
pr

es
sio

n

No
 co

rre
lat

ion
 ov

er
all

No
 di

ffe
re

nc
e b

etw
ee

n 
sh

ift 
wo

rke
rs 

an
d d

ay
-

tim
e w

or
ke

rs 
in 

ne
w-

on
se

t ti
me

 of
f w

or
k 

du
e t

o m
en

tal
 ill

ne
ss

 
in 

ge
ne

ra
l

Ins
ign

ific
an

t in
cre

as
e 

in 
ne

w-
on

se
t ti

me
 of

f 
wo

rk 
du

e t
o m

oo
d 

 dis
or

de
rs

HR
: 1

.87
; 9

5%
 C

I: 
[0.

73
; 4

.76
]

No
 co

rre
lat

ion
 (c

or
re

-
lat

ion
 be

tw
ee

n s
wi

tch
 

fro
m 

nig
ht 

sh
ift 

to 
da

y 
sh

ift 
an

d r
ed

uc
ed

 
 de

pr
es

sio
n)



M E D I C I N E

VII Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 404–11 | Supplementary material

eFIGURE

Relationship between shift work that includes night shifts and risk of depression: 
points indicate point estimates. Horizontal lines indicate 95% CIs in comparison to the risk 
entailed in daytime work. The vertical line indicates risk = 1.
CI: Confidence interval; M: Male; F: Female

Study (main author, year), risk estimate, 95% CI Risk estimate, 95% CI

Bara, 2009 (18)      (M) 6.08 [2.06; 17.92]

Bara, 2009 (18)      (F) 1.69 [0.60; 4.76] 

Bildt, 2002 (17)      (M) 2.40 [1.00; 5.80] 

d´Errico, 2011 (19) (M, F) 1.34 [0.97; 1.86] 

Driesen, 2011 (20) (M) 0.86 [0.69; 1.08] 

Driesen, 2011 (20) (F) 0.60 [0.30; 1.20] 

Norder, 2015 (23)   (M) 1.87 [0.73; 4.76] 

Total 1.42 (0.92; 2.19] 

 0.20 1.00 2.50 5.00 10.00 20.00

eBOX

Meta-analysis
● Methods
Meta-analysis included all studies that compared individuals working shifts that 
included night shifts and those working during the day, a binary target parameter 
(depression: yes/no), and an adjusted risk estimate (relative risk or odds ratio) 
(Table 1). Where multiple comparisons were described—for example 2, 4, or 
 more shifts per month versus daytime work—the comparison with the highest 
 case number was included (19). Where there were various observation periods, 
the longest was chosen (18).

Meta-analysis involved random effects modeling (e13). The Q-test and I2 were 
used to test the heterogeneity of study findings (e14). A funnel plot was used to 
estimate publication bias, and Begg‘s method was used to determine the extent 
of asymmetry (e15). All analyses were performed using the statistics program 
Stat 11 (Stata Corporation, College Station, Texas, USA) (e16).

● Findings
The Q-test indicates heterogeneity between the studies selected for meta-
 analysis (p = 0.001), as does the value of I2 (74.4%). Neither the funnel plot nor 
Begg‘s method showed any evidence of publication bias (p = 0.230) (eFigure).


