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Objective This study aimed to investigate the effects of various aspects of night and shift work regarding incident
cerebrovascular disease (CeVD).

Methods The cohort included 26 667 women and 3793 men (nurses and nursing assistants) who were employed
for at least one year 2008—2016 in Region Stockholm, Sweden. Information about the cohort and working hours
were obtained from a computerized employee-register and diagnoses were retrieved from national and regional
registers. We used discrete time proportional hazard models to assess the risk of CeVD (2009-2017), in relation
to work hour characteristics, adjusting for sex, age, country of birth, education and profession.

Results We observed an excess risk of CeVD (N=223) among employees who, during the preceding year, worked
night shifts >30 times [hazard ratio (HR) 1.44, 95% confidence interval (CI) 1.04-1.99] or >3 consecutive night
shifts >15 times (HR 1.69, 95% CI 1.18-2.42) or with >30 quick returns (<28 hours) from night shifts (HR
1.52, 95% CI 1.10-2.10) compared to those who did not work nights. We also observed an excess risk among
employees with a long duration (>5 years) of exposure to night shift work (HR 1.87, 95% CI 1.27-2.77), all
supported by a dose-response pattern.

Conclusions Our results show that the risk of CeVD among nurses and nursing assistants is associated with
night shift work. The number of years with night shift work, the frequency of night shifts per year, the frequency
of consecutive night shifts, and short recovery after night shifts influenced the risk. Work schedules aiming at
minimizing these aspects of night shift work may reduce the risk.

Key terms night shift; shift worker; stroke; occupational exposure; occupational health.

Cerebrovascular disease (CeVD) includes diseases that
affect the cerebral blood vessels and blood supply and
are mainly related to occlusion or vascular bleeding. The
most common CeVD is ischemic stroke (1). Stroke is one
of the leading causes of death and disability worldwide.
Although the age-standardized stroke mortality rates
have decreased globally over time, the absolute number
of stroke occurrences and deaths have increased (2, 3).
The underlying mechanisms for CeVD may vary
depending on the disease and involve an interaction of
vascular risk factors, environmental and genetic fac-
tors. Many of the risk factors associated with lifestyle

and environment are modifiable, such as hypertension,
tobacco use, hyperlipidemia, diabetes, unhealthy dietary
patterns, obesity and physical inactivity (4).

There is accumulating evidence that working time
patterns like shift work, night work and long working
hours may increase the risk of CeVD (5-10). Therefore,
efforts to develop and modify existing work schedules
for those who need to work non-standard working hours
are important parts for risk management. Potential
mechanisms linking night and shift work or long work-
ing hours to CeVD include disruption of the circadian
rhythm, sleep deprivation, insufficient recovery, hor-

1 Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
2 Centre for Occupational and Environmental Medicine, Region Stockholm, Stockholm, Sweden.

3 Finnish Institute of Occupational Health, Helsinki, Finland.
4 Department of Cardiology, Danderyd University Hospital, Sweden.

Correspondence to: Carolina Bigert, Institute of Environmental Medicine, Karolinska Institutet, Solnavédgen 4 10th floor, SE-113 65 Stock-

holm, Sweden. [E-mail: carolina.bigert@ki.se]

Scand J Work Environ Health 2022, vol 48, no 1 31



Night and shift work and cerebrovascular disease

monal effects, stress mechanisms, inflammation, vas-
cular effects, and metabolic disturbances (7, 9, 11-16).
Several different aspects of night and shift work may
possibly be important components influencing the risk
of CeVD, such as the frequency of night shifts or the fre-
quency of consecutive night shifts, related to circadian
disruption, insufficient recovery and accumulated sleep
debt (15). Another aspect is quick returns from work
shifts, leading to sleep deprivation and an increased
level of perceived stress (13). Night and shift work have
also been found to be associated with poorer lifestyle
behaviors and with risk factors of CeVD, such as hyper-
tension and diabetes (17, 18), which may influence the
risk. In a recent study of Swedish twins, a higher preva-
lence of overweight and smoking was observed among
individuals who had been exposed to night shift work
compared to those with no history of night work, but
with no obvious difference in the prevalence of alcohol
consumption or leisure-time activity (10).

Shift work is common, especially in the healthcare
sector, where the proportion of shift workers (workers
with daily split shifts, permanent shifts of mornings,
afternoons or nights, alternating or rotating shifts, or
other types of shift work) is about 40% (19). In com-
parison, in the European Working Conditions Survey of
2015, for all sectors combined, 21% reported shift work,
19% reported night work, 16% reported long working
hours of >48 hours per week, and 23% reported not hav-
ing time to recover (<11 hours between working days)
(19). Similarly in Sweden, figures for the proportion of
shift and night workers for all sectors combined were
21% and 14%, respectively (20).

In a meta-analysis of five cohort studies (21-25) a
small increase in stroke mortality was reported among
shift workers (7). An increased mortality in cardiovas-
cular disease was observed among Danish nurses, who
worked night shifts (8), as well as among night shift
workers in a cohort of Swedish twins (10). A systematic
review and meta-analysis by Torquati et al (2018) dem-
onstrated a higher risk of cardiovascular disease events
among shift workers than day workers, supported by a
dose—response relationship (26).

A limitation in several of the previous studies is
imprecise exposure data, with self-reported information
on working hours and schedules and lack of longitudinal
exposure information. This increases the risk of error in
classification of exposure and prohibits the possibility
to give detailed recommendations to improve the used
shift patterns (6, 27, 28). Furthermore, we are not aware
of any earlier studies on the association of specific shift
work patterns with incident CeVD. An increased under-
standing of how various aspects of night and shift work
(such as frequency of night shifts, consecutive night
shifts and quick returns) influence the risk could con-
tribute to knowledge on how work schedules might be
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optimized to reduce the risks associated with shift work.

The aim of this study was to evaluate the effects
of various aspects of night and shift work, regarding
incident stroke and other CeVD, by using detailed and
registry-based exposure data.

Methods

Study population

The cohort was identified from a computerized adminis-
trative employee register (HEROMA) in Region Stock-
holm (formerly Stockholm County Council), Sweden.
We identified healthcare employees who were employed
for at least one year anytime between 1 January 2008
and 31 December 2016. The healthcare provided under
the Region Stockholm’s management includes both
in- and outpatient care services, such as emergency
hospitals, local medical centers, family doctors and
maternity clinics. We restricted the study to occupa-
tional groups with an expected high proportion of night
and shift workers, mainly nurses (N=17 238) including
midwives, and nursing assistants (N=13 222) includ-
ing caregivers, accommodation assistants and personal
assistants. Unfortunately, it was not possible to obtain
precise information on working hours for physicians and
therefore they were excluded in this study.

The final CeVD cohort of nurses and nursing assis-
tants consisted of 30 460 employees, 26 667 women
and 3793 men, after excluding physicians and employ-
ees in occupational groups with an expected low pro-
portion of night work (eg, administrators, cleaners,
kitchen assistants, psychologists and physiotherapists)
and employees with any CeVD before first employment
day (based on data back to 1998) or within the first year
of employment. A flowchart for the inclusion and exclu-
sion procedure is presented in figure 1.

Data sources and assessment of the outcome

The information on working hours was obtained from
the same computerized administrative employee regis-
ter (HEROMA) as for the identification of the cohort.
From the HEROMA system we collected detailed indi-
vidual information on working hours day-by-day for all
employed from 1 January 2008 to 31 December 2016,
including information on occupation and workplace for
each working period. For each work shift, there was
information on the exact start and end time. Information
about education and country of birth was collected from
the register of the total population at Statistics Sweden.

Information on the outcome CeVD (160-69 in ICD-
10) was retrieved from the national patient register at



All employed in Region Stockholm anytime between 1 Jan 2008 and
31 Dec 2016, N=65 813
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Figure 1. Flowchart for the inclusion and ex-
clusionprocedure, cohortforcerebrovascular

Employees of interest (nurses including midwives, and nursing
assistants) employed at least one year anytime between 1 Jan 2008

- Physicians and employees with low
A proportion of night work, N=28 654
- Working less than one year, N=6 557

disease (CeVD).

Excluded:

and 31 Dec 2016, N=30 602

v
Final cohort, N=30 460

- Employees with CeVD diagnosed before
first employment day or within 12 months
of employment, N=142

Excluded:

The National Board of Health and Welfare (inpatient
care) for the period 2009-2016 and from the regional
database (VAL database) for the period 2009-2017. The
VAL database includes diagnoses from both inpatient
care and outpatient contacts (health centers, emergency
services and hospital visits where the patients have
not been hospitalized) within the Region Stockholm.
We included the CeVD diagnosis that appeared first in
either of the two registers, during the follow-up period 1
January 2009 to 31 December 2016 (N=201), and for the
period 1 January 2017 to 31 December 2017 information
was available only from the VAL database (N=22). We
used incident stroke (161, 163 and 164 in ICD-10) as a
separate outcome. The employees were at risk from one
year after the start of employment until CeVD diagnosis,
death, or end-of-follow-up, whichever came first.

Classification of exposure

We aggregated the information on working hours from
HEROMA to classify persons with respect to different
types of shift work and working hours. Shifts <4 hours
were not included. The method for classifying working
time patterns based on payroll-based daily objective
working hours was first evaluated in the Finnish health-
care system (27), and the method for aggregation on
working hours from HEROMA was recently described in
a study based on the same cohort of healthcare employees
as in the present study, but with a focus on shift and night
work during pregnancy and risk of preterm birth (29).

All shifts were classified as follows: (i) Daytime
work only (starts after 06:00 and ends no later than
18:00 hours), (ii) afternoon shift (starts after 12:00 and
ends later than 18:00 hours but not a night shift), (iii)
night shift (>3 hours between 22:00-06:00 hours, based
on Swedish Working Hours Act). Based on this clas-
sification of shifts, the cohort subjects were, for each
year, classified as (i) daytime workers, (ii) persons also
working afternoon shifts but not night shifts, (iii) per-
sons working various shift types including night shifts,
or (iv) persons working night shifts only. The exposure
classification was assessed annually to take into account
variations over time.

Among all employees, for each year, we defined the
frequency of night shifts per year (0, 1-30, >30 times),
the frequency of >3 consecutive night shifts per year (0,
1-15, >15 times) quick returns from night shifts (<28
hours between the end of the night shift and the begin-
ning of the following shift) or from other shifts (<11
hours) per year (0, 1-30, >30 times), and the frequency
of long (>45 hours) working weeks per year (0, 1-10,
>10 times). We also classified the cumulative number
of years with night shifts since 2008 (0, 1-5, >5 years).
The cut off points for the aspects of night and shift work
and long working weeks were chosen on the basis of a
compromise between obtaining a sufficiently large con-
trast between the exposure categories while not losing
power. However, we also conducted analyses based on
continuous measures (test for trend).

Data analysis

To assess the effect of different types of shift work and
working hours on the risk of CeVD, we used discrete
time proportional hazard models, stratifying the person-
time experience of the cohort by follow-up year, starting
the assessment of risk one year after first employment
day (30, 31). In the estimations of hazard ratios (HR),
we adjusted for sex, age (continuous), country of birth
(Sweden; Nordic countries except Sweden; Europe
except Nordic countries; other countries), education
(higher education (university >3 years); upper sec-
ondary or elementary school or less), and profession
(nurses including midwives; nursing assistants includ-
ing caregivers, accommodation assistants and personal
assistants). We adjusted for country of birth since there
are differences in CeVD risk with ethnicity, and adjust-
ments for educational level and profession were used
as a proxy for socioeconomic status that also affects the
risk. Age and exposure variables were treated as time-
dependent variables updated for each year of follow-up,
whereas sex, country of birth, education and profes-
sion were fixed. Each of the models per disecase was
estimated separately. In additional analyses, we also
adjusted for the total number of night shifts per year
among employees who worked at least one night shift
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during the year in order to differentiate between the
effect of the intensity of night work in general and the
effect of different aspects of night shift work such as
frequently working consecutive night shifts or having
quick returns from night shifts.

We estimated HR with 95% confidence intervals
(CI) for CeVD in relation to different aspects of night
and shift work (eg, type and frequency of shift work,
consecutive shifts, and quick returns) and frequency of
long working weeks. For type of shift work, the com-
parisons were performed with those who always worked
day shifts as the reference group. For the other exposure
variables, the comparisons were performed with those
who worked day and/or afternoon shifts but no night
shifts (‘'never night shifts') or with the lowest exposure
category as the reference group. The estimated HR
were based on the exposure during the year preceding
the outcome, except for analyses of cumulative years
of night work.

The test for trend with number of times per year of
night shifts and the number of times per year of the dif-
ferent aspects of night and shift work and long working
weeks used the arithmetic average of number of times
in each exposure category as a continuous variable in
the regression model. The test for trend with cumulative
number of years with night shifts used the arithmetic
average of number of night-years in each exposure cat-
egory as a continuous variable.

In a sensitivity analysis, we restricted the analysis
to employees who ever worked >3 consecutive night

shifts in order to explore the effect of different levels
of exposure to consecutive night shift work from the
effect of general night work. Comparisons were then
performed with those with the lowest exposure category
of consecutive night shift work as the reference group.

In additional analyses, we analyzed the risk of CeVD
among women and men separately.

We used SAS software version 9.4 for Windows
(SAS Institute Inc., Cary, NC, USA) for all statistical
analyses.

Results

The baseline characteristics (sex, age, education, coun-
try of birth and profession) of the study participants at
the inclusion year, by work schedule, are presented in
table 1. The baseline characteristics are from the inclu-
sion year but the work schedules are based on all the
years the person worked during 2008-2016. There were
6883 employees with permanent daytime work during
the whole employment period, 11 192 with shift work
but no night shifts, 11 250 with shift work including
night shifts (but not only night shifts) and 1135 with
only night shifts during the whole employment period.
The proportion of younger employees (<40 years) at
the inclusion year was higher among shift workers and
night workers who did not work only nights (shift work-
ers without night shifts: 55%, shift workers with night

Table 1. Baseline characteristics (sex, age, education, country of birth, profession) of the study participants (N=30 460) at the inclusion year in the
cohort for all cerebrovascular diseases (ICD: 160-169). Subdivided by work schedule based on all the years the person worked during 2008-2016.

Variables Day work only 2 (N=6883) Shift work, without night  Shift work, with night shifts¢  Night work only ¢ (N=1135)
shifts®(N=11192) (N=11250)
N % N % N % N %

Sex

Women 6449 94 9748 87 9631 86 839 74

Men 434 6 1444 13 1619 14 296 26
Age (years)

<40 1725 25 6195 55 7349 65 260 23

41-50 2098 31 2645 24 2450 22 351 31

>50 3060 44 2352 21 1451 13 524 46
Education

Higher education (university 23 years) 3810 55 5647 50 7424 66 335 29

Upper secondary, elementary or less 2933 43 5343 48 3629 32 747 66

Missing 140 2 202 2 197 2 53 5
Country of birth

Sweden 5715 83 8599 71 8685 77 811 71

Nordic countries (except Sweden) 529 8 503 4 547 5 113 10

Europe (except Nordic countries) 129 2 344 3 402 4 47 4

Other countries 510 7 1746 16 1616 14 164 15
Profession

Nurses, including midwives 4760 69 5135 46 6969 62 374 33

Nursing assistants ¢ 2123 31 6057 54 4281 38 761 67

2Day work: starts after 06:00 and ends no later than 18:00 hours.

b At least one afternoon shift (starts after 12:00 and ends later than 18:00 hours, but not a night shift).
¢At least one night shift (>3 hours between 22:00-06:00 hours), but not only night work.

40nly night work (no day work or afternoon shifts).
eAssistant nurses, caregivers, accommodation assistants and personal assistants.
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shifts but not only nights: 65%) than among employees
with permanent daytime work (25%) or permanent night
work (23%) during the whole employment period. The
proportion of men as well as employees with country
of birth outside the Nordic countries was higher in
the two shift work groups and among night workers.
The proportion of employees with higher education as
well as nurses was lowest (29% and 33%, respectively)
among employees who only worked night shifts during
the whole employment period.

The 30 460 employees contributed a total of 240 469
person-years. During the follow-up (up to 9 years, mean
4.7 years), there were 223 incident cases of CeVD in the
cohort. Of these, 162 cases were first identified from the
national patient register and 61 cases from the regional
VAL database. The 223 incident CeVD cases included
in total 132 cases of stroke of which 115 were ischemic
stroke, 16 were hemorrhagic stroke and one was an
unspecified cerebral infarction.

Type and frequency of night work

We found that healthcare employees with shift work
including night shifts and employees who only worked
night shifts tended to have an increased risk of CeVD the
following year compared to those with only day work,
although not statistically significant (HR 1.46, 95% CI
0.96-2.21 and HR 1.39, 95% CI 0.88-2.21, respectively)
(table 2). The risk was more pronounced among employ-
ees who frequently worked night shifts (>30 times per
year: HR 1.44, 95% CI 1.04-1.99), and who frequently
(>15 times per year) worked >3 consecutive night shifts
(HR 1.69, 95% CI 1.18-2.42) compared to those who
never worked night shifts (table 2). There was a trend
of increasing risk estimates with increasing number of
times of night shifts (HR for beta 1.003, 95% CI 1.000-
1.006, ie, the risk increased by 0.3% for each additional
night shift), and for increasing number of times of >3
consecutive night shifts (HR for beta 1.018, 95% CI
1.008-1.031, ie, the risk increased by 1.8% for each
additional spell of >3 consecutive night shifts) (table
2). The association remained for >3 consecutive night
shifts after additional adjustment for the total number of
night shifts, with higher risk estimates and a higher risk
increase per time but with wider CI (table 3). In a sensi-
tivity analysis restricting the analyses to employees who
ever worked >3 consecutive night shifts, the risk was
1.44 (95% CI 0.86-2.43) for employees who frequently
(>15 times per year) worked >3 consecutive night shifts,
compared to those with a frequency of 1-15 times of
>3 consecutive night shifts per year (data not shown).
For the more specific outcome incident stroke, we
found similar trends and a statistically significant asso-
ciation among employees who frequently (>15 times
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per year) worked >3 consecutive night shifts (table 2).
In the sensitivity analysis restricted to employees who
ever worked >3 consecutive night shifts, the risk of
stroke was 1.66 (95% CI 0.81-3.37) for employees who
frequently (>15 times per year) worked >3 consecutive
night shifts, compared to those with a frequency of 1-15
times of >3 consecutive night shifts per year (data not
shown).

Quick returns

We observed that employees who often (>30 times per
year) had quick returns (<28 hours) from night shifts had
an increased risk of CeVD (HR 1.52, 95% CI 1.10-2.10)
the following year compared to those who never worked
night shifts. There was a trend of increasing risk esti-
mates with increasing number of times of quick returns
from night shifts (HR for beta 1.006, 95% CI 1.001-
1.011, ie, the risk increased by 0.6% for each additional
quick return) (table 2). The association remained for
quick returns from night shifts after additional adjust-
ment for the total number of night shifts, with higher
risk estimates and a higher risk increase per time but
with wider CI (table 3). Quick returns (<11 hours) from
other shifts did not increase the CeVD risk (table 2).
Associations with incident stroke demonstrated similar
trends for quick returns from night shifts although not
statistically significant (table 2).

Cumulative number of years with night shifts

For cumulative night work, the analyses were based
on exposure information since 2008. We observed an
excess risk of CeVD among employees who had worked
night shifts for >5 years since 2008 (HR 1.87, 95% CI
1.27-2.77), and there was a trend of increasing risk
estimates with increasing number of years of night shift
work (HR for beta 1.083, 95% CI 1.031-1.139, ie, the
risk increased by 8.3% for each additional year of night
work) (table 2). The excess risk among employees with
>5 years of night work was also demonstrated in sepa-
rate analyses of stroke (HR 2.04, 95% CI 1.26-3.28;
HR for beta 1.088, 95% CI 1.021-1.159, ie, the risk
increased by 8.8% for each additional year of night
work) (table 2).

Frequency of long working weeks

We did not observe an increased risk of CeVD or stroke
among employees who often (>10 times per year) had
long working weeks of >45 hours, compared to those
with working weeks of <40 hours, and there was no
trend of increasing risk estimates with increasing num-
ber of times of long working weeks (table 2). The sta-
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Table 2. Discrete-time proportional adjusted # hazard ratios (HR) with 95% confidence intervals (Cl) for first diagnosed cerebrovascular disease (ICD-
10:160-169, N=223) and stroke (ICD-10:161+163+164, N=132), among healthcare employees (N=30 460) during follow-up 2009-2017, contributing
to a total of 240 469 and 241 197 person-years (PY), respectively. Each of the models per disease was estimated separately.

Exposure® Cerebrovascular disease, all Stroke
PY No of cases Cases per HR (95% CI) PY No of cases  Cases per HR (95% CI)
10000 PY 10 000 PY

Type of shift work

Always day shifts 80662 83 10.3 Ref. 81001 50 6.2 Ref.

Day and/or afternoon shifts (no nights) 93771 77 8.2 1.21(0.86-1.69) 94040 45 48 1.15(0.75-1.77)

Day and/or afternoon shifts, and nights 48129 34 7.1 1.46(0.96-2.21) 48191 20 4.2 1.37(0.79-2.36)

Night shifts only 17888 29 16.2 1.39(0.88-2.21) 17946 17 9.5 1.23(0.68-2.25)
Frequency of night shifts

Never night shifts© 174458 160 9.2 Ref. 175066 95 5.4 Ref.

1-30 (mean 12.6) times 22983 10 4.4 1.03(0.54-1.97) 23000 4 1.7 0.61(0.22-1.68)

>30 (mean 104.0) times 43028 53 12.3 1.44(1.04-1.99) 43131 33 7.7 1.35(0.89-2.05)
Trend test (risk increase per time) 1.003 (1.000-1.006) 1.003(0.999-1.007)
Frequency of 23 consecutive nights

Never night shifts© 178543 160 9.0 Ref. 179156 95 5.3 Ref.

1-15 (mean 5.3) times 31964 18 5.6 1.20(0.74-1.94) 32017 10 3.1 1.05(0.54-2.03)

>15 (mean 27.8) times 24783 38 15.3 1.69(1.18-2.42) 24836 24 9.7 1.60(1.01-2.54)
Trend test (risk increase per time) 1.018(1.008-1.031) 1.017(1.008-1.034)
Quick returns (<28 h) from nights

Never night shifts ¢ 175262 160 9.1 Ref. 175871 95 5.4 Ref.

1-30 (mean 8.3) times 24675 16 6.5 0.83(0.42-1.64) 24693 7 2.8 0.65(0.24-1.79)

>30 (mean 64.2) times 39894 47 11.8 1.52(1.10-2.10) 39995 30 7.5 1.42(0.93-2.15)
Trend test (risk increase per time) 1.006 (1.001-1.011) 1.006 (0.999-1.012)
Quick returns (<11 h) from other shifts ¢

Never quick returns from other shifts 91707 99 10.8 Ref. 92113 61 6.6 Ref.

1-30 (mean 13.9) times 33390 25 7.5 1.13(0.78-1.63) 33471 12 3.6 1.03(0.63-1.69)

>30 (mean 55.2) times 50165 36 7.2 0.85(0.59-1.23) 50287 22 4.4 0.85(0.53-1.37)
Trend test (risk increase per time) 0.996 (0.989-1.002) 0.995(0.987-1.004)
Cumulative number of years with nights

Never 153921 143 9.3 Ref 154 446 88 5.7 Ref

1-5 (mean 2.6) years 62809 42 6.7 1.17(0.82-1.68) 62939 19 3.0 0.84(0.50-1.41)

>5 (mean 7.7) years 23739 38 16.0 1.87(1.27-2.77) 23812 25 10.5 2.04(1.26-3.28)
Trend test (risk increase per year) 1.083(1.031-1.139) 1.088(1.021-1.159)
Frequency of long (>45 h) working weeks

Never (only working weeks of <40 h) 93429 90 9.6 Ref. 93846 50 5.3 Ref.

1-10 (mean 4.0) times 96 860 64 6.6 1.23(0.89-1.69) 97061 37 3.8 1.38(0.91-2.08)

>10 (mean 14.6) times 30133 25 8.3 1.06 (0.66-1.68) 30195 13 43 0.99(0.52-1.87)

Trend test (risk increase per time)

1.005(0.975-1.036)

1.002(0.963-1.043)

2Adjusted for sex, age (continuous), country of birth (Sweden; Nordic countries except Sweden; Europe except Nordic countries; other countries), education (higher
education; upper secondary, elementary school or less) and profession (Nurses including midwives; Nursing assistants). Information on education was missing for

1.9% of the participants (no imputation was used to represent missing values).

®Based on the exposure during the year preceding the outcome, except for analyses of cumulative exposure.

¢Those who worked day and/or afternoon shifts but no night shifts.
dAnalyses were based on those who never worked night.

tistical power was too low to study the risk of CeVD in
association with the frequency of longer working weeks
(only 4 cases among employees who often (>10 times
per year) had long working weeks of >50 hours).

Sex-related risks

Stratified analyses of the CeVD risk among women
(N=26 667) and men (N=3793) separately did not add
much information since there were relatively few men
in the cohort, generating few cases (36 CeVD cases
among men, 187 CeVD cases among women). The
results for women separately were thus very similar to
those for the total cohort, although with a tendency of
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slightly higher risks for women than men, and for men
the analyses resulted in low numbers and low statistical
power (supplementary material, table S1, https://www.
sjweh.fi/article/3986).

Discussion

This is a cohort study of Swedish healthcare employees
where we used registry-based assessed day-by-day
exposure information on working-hours to investigate
the association between different types of night shift
work and frequency of long working weeks and inci-
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Table 3. Discrete-time proportional adjusted # hazard ratios (HR) with
95% confidence intervals (Cl) for first diagnosed cerebrovascular
disease (ICD-10: 160-169, N=223) and stroke (ICD-10: 161+163+164,
N=132), among healthcare employees (N=30 460) during follow-up
2009-2017, contributing to a total of 240 469 and 241 197 person-
years (PY), respectively. Additionally adjusted for the total number of
night shifts per year.

Exposure® Cerebrovascular Stroke
disease, all
HR (95% Cl) HR (95% Cl)
Frequency of >3 consecutive nights
Never nights ¢ Ref. Ref.
1-15(mean 5.3) times 1.92(1.04-3.54) 1.61(0.69-3.76)
>15 (mean 27.8) times 5.54(1.83-16.76)  4.40(1.00-19.32)

Trend test (risk increase per time) 1.053 (1.013-1.095) 1.048(0.996-1.102)
Quick returns (<28 h) from nights

Never nights ¢ Ref. Ref.
1-30 (mean 8.3) times 0.94(0.47-1.87) 0.72(0.26-2.02)
>30 (mean 64.2) times 3.09(1.26-7.56)  2.64(0.80-8.72)

Trend test (risk increase per time) 1.015(1.002-1.029) 1.013(0.995-1.032)

2Adjusted for sex, age (continuous), country of birth (Sweden; Nordic countries
except Sweden; Europe except Nordic countries; other countries), education
(higher education; upper secondary, elementary school or less), profession
(Nurses including midwives; Nursing assistants) and the total number of night
shifts per year. Information on education was missing for 1.9% of the partici-
pants (no imputation was used to represent missing values).

®Based on the exposure during the year preceding the outcome.

¢Those who worked day and/or afternoon shifts but no night shifts.

dent CeVD. We also investigated the risk of stroke. Our
main findings were that employees who worked night
shifts >30 times per year or who worked >3 consecu-
tive night shifts >15 times per year, had an excess risk
of CeVD the following year compared to those with
no night work. There was also an excess CeVD risk
among employees with >30 quick returns from night
shifts per year and among employees with a cumulative
exposure of >5 years of night work. We observed a trend
of increasing risk estimates for CeVD with increasing
number of times of night shifts, times of >3 consecutive
night shifts, times of quick returns from night shifts and
the number of years of night shift work. Long working
weeks of >45 hours >10 times per year did not increase
the risk.

Analyses specifically targeting stroke demonstrated
similar risks to those for total CeVD. The risk of inci-
dent stroke was statistically significantly increased
among employees who frequently (>15 times per year)
worked >3 consecutive night shifts and among employ-
ees with >5 years of night work, supported by a dose—
response pattern.

Since the exposure variables frequency of >3 con-
secutive night shifts and frequency of quick returns from
night shifts are correlated to the number of night shifts
worked, we performed additional analyses that also
adjusted for the total number of night shifts per year.
The effect from the different aspects of night shift work
was stronger after this adjustment and thus the effect

Bigertetal

of working consecutive night shifts and having quick
returns from night shifts seems to be at least partially
separated from the effect of the intensity of night work
in general.

We are not aware of any earlier studies on the asso-
ciation of the specific characteristics of shift work — like
the intensity of night shifts or quick returns — with
CeVD. However, our results are in line with previous
reviews and meta-analyses reporting an increased risk
of stroke among shift workers. Vyas et al (5) defined
shift work as all schedules that were not regular daytime
work, also including night work. In the pooled analyses
they demonstrated an increased risk of ischemic stroke
(based on two studies) and a non-significant increase
of CeVD mortality (based on four studies) among shift
workers, compared to non-shift workers. Li et al (7)
included five cohort studies [of which two were also
included in the study by Vyas et al (5)] in a meta-anal-
ysis and observed a slightly increased stroke mortality.
In a prospective cohort study of Swedish twins, the risk
of mortality due to cardiovascular disease (including
stroke) was increased among night shift workers, com-
pared to those with no night work, after adjustment for
several important risk factors (such as smoking, alcohol
consumption, body mass index and physical activity
at leisure time) and with higher risk estimates in night
workers with a work duration of >5 years (10).

Our findings indicate both subacute effects (within
a year of night shift work) and long-term effects (after
many years of night shift work) on CeVD risk. All the
analyses, except for cumulative number of years with
night work, focused on the risk associated with the
exposure during the previous year. Since the exposure
information was updated yearly, it is possible for par-
ticipants to be in, eg, the day and/or afternoon shift
group one year and the night shift group another year
and vice versa. Our results are thus based on a narrow
time window for the exposure (recent exposure) and do
not exclude that the participants may have belonged to
other exposure categories in previous years.

Based on our study, we cannot determine the under-
lying mechanisms of the increased risk, although a dis-
turbed circadian rhythm and consequent effects thereof
are likely to have an impact. There is previous evidence
of an effect on hormones such as cortisol and melato-
nin from exposure to consecutive night shifts (32-34).
Associations have also been observed between recent
night and rotational work and the incidence of hyper-
tension (17) (a common risk factor for both ischemic
and hemorrhagic stroke), and between shift work and
increased use of medications for type-2-diabetes, dys-
lipidemia and hypertension (18). Sleep deprivation and
insufficient recovery, associated to consecutive night
shifts and quick returns, could be a possible pathway
from night shift work to the increased CeVD risk.
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Sleep duration is reduced after nights shifts and does
not increase with more consecutive night shifts, leading
thus to accumulated sleep debt (15). Insufficient time
between the shifts (<11 hours) are associated with short
sleep duration, increased sleepiness and higher level of
perceived stress (13), as well as increased prevalence of
shift work sleep disorder (16), although in the present
study we only observed an association between CeVD
risk and quick returns from night shifts but not from
other shifts. Short sleep and insomnia increase the risk
for coronary heart disease (35, 36) in some prospective
studies, and are associated with several CeVD risk fac-
tors like obesity and diabetes (37, 38).

We also found that insufficient recovery after night
shifts (<28 hours) was associated with an increased risk
of CeVD. Employees, who perceived incomplete recov-
ery from work during free weekends had an elevated
risk of cardiovascular death in a 26-year follow-up (39).
Disturbed sleep could even be a common pathway con-
necting both night and shift work, extended workhours,
and work stress to adverse cardiovascular health (11).

We did not find an association between frequent (>10
times per year) long working weeks (>45 hours) and
CeVD risk in this cohort, but our study does not rule out
an elevation of CeVD risk of frequent very long working
weeks of >50 hours. Other studies have found evidence
for a relation between average long weekly working
hours of >55 hours and incident stroke, compared to
those who worked 35-40 hours per week (6, 9).

Strengths and limitations

The major strengths of this study include the large and
prospective cohort dataset and the objective exposure
data from employee registers. The exposure data is
very detailed with individual day-to-day information
on different types of shift work and working hours.
No data needed to be obtained from the employees
themselves, which eliminates the risk that people will
forget details about their working hours back in time.
Also, the so-called “recall bias” can be avoided since
the classification of exposure is not adversely affected
by the outcome. Other strengths are that the cohort
entirely consists of employees within the healthcare sec-
tor, where the percentage of night shift workers is high,
and that the data on health outcomes are retrieved from
registers of good quality. Another advantage is that we
were able to collect information on cases not only from
hospital care but also from outpatient visits, ie, we did
not miss cases among those who have only received
outpatient treatment.

A limitation of the study is that we do not have
information on important individual risk factors for
CeVD, such as smoking habits and other lifestyle fac-
tors, or information on work stressors, such as job strain.
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These could be confounders or mediators. However, the
study is conducted on a cohort of nurses and nursing
assistants, which is a more homogenous socioeconomic
group than the population as a whole. Therefore, the
potential differences in lifestyle risk factors and job
strain are probably not so pronounced.

There is also a risk of underestimating the negative
effects of night work by the so-called “healthy worker
effect” among employees who are working night shifts.
Such an effect could, for example, occur if employees
with health problems already at the time of entering
working life choose not to work at night or if employees
are transferred from night work to day work due to a
medical condition. In Sweden there is a legal require-
ment that employers must offer medical checks for
night workers at the start of the employment and then
regularly, although it is not always complied with (40).
However, there may also be a selection into night shift
work of employees with unfavorable risk factor profiles
(41). Due to the medical checks, the “healthy worker
effect” among night workers is probably stronger than
the selection into night work of employees with unfavor-
able risk factor profiles, and therefore our findings might
possibly underestimate the actual risk.

We made additional analyses for men and women
separately. However, the relatively low proportion of
men (12.5%) in the cohort reduced the statistical power
to detect an effect among men separately. For women,
the effect was similar as for the total cohort.

Concluding remarks

In conclusion, using registry-based day-by-day exposure
information in this cohort of 30 460 Swedish healthcare
employees, we have shown that the risk of CeVD among
nurses and nursing assistants is associated with night
shift work. The number of years with night shift work,
the frequency of night shifts per year, the frequency of
consecutive night shifts, and time for recovery after
night shifts influenced the risk. We believe that work
schedules aiming at minimizing these aspects of night
shift work may reduce the risk. However, it is important
that advice on preventive measures includes also pro-
tection against other potential adverse health effects of
night and shift work, such as eg, heart disease, cancer,
adverse effects on pregnancy outcome and work-related
accidents. We hope that future research in this area can
contribute information as a basis for overall advice that
covers other potential health effects as well.



Acknowledgements

We thank Annika Gustavsson (Karolinska Institutet) for
her contribution on data management.

The study was funded by FORTE: Swedish Research
Council for Health, Working Life and Welfare (Grant no.
2017-01947). The Regional Ethics Committee in Stock-
holm approved this study (2016/2490-31/2; 2017/1157-
32).The authors declare no conflicts of interest.

References

1. Ferrer I, Vidal N. Neuropathology of cerebrovascular
diseases. Handb Clin Neurol 2017;145:79-114. https://doi.
org/10.1016/B978-0-12-802395-2.00007-9.

2. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA,
Connor M, Bennett DA et al.; Global Burden of Diseases,
Injuries, and Risk Factors Study 2010 (GBD 2010) and the
GBD Stroke Experts Group. Global and regional burden of
stroke during 1990-2010: findings from the Global Burden
of Disease Study 2010. Lancet 2014 Jan;383(9913):245-54.
https://doi.org/10.1016/S0140-6736(13)61953-4.

3. Barquera S, Pedroza-Tobias A, Medina C, Hernandez-
Barrera L, Bibbins-Domingo K, Lozano R et al. Global
Overview of the Epidemiology of Atherosclerotic
Cardiovascular Disease. Arch Med Res 2015 Jul;46(5):328—
38. https://doi.org/10.1016/j.arcmed.2015.06.006.

4.  Guzik A, Bushnell C. Stroke Epidemiology and Risk Factor
Management. Continuum (Minneap Minn). 2017 Feb;23(1,
Cerebrovascular Disease):15-39.

5. Vyas MV, Garg AX, lansavichus AV, Costella J,
Donner A, Laugsand LE et al. Shift work and vascular
events: systematic review and meta-analysis. BMJ 2012
Jul;345:¢4800. https://doi.org/10.1136/bmj.e4800.

6. Kivimdki M, Jokela M, Nyberg ST, Singh-Manoux A,
Fransson EI, Alfredsson L et al.; IPD-Work Consortium.
Long working hours and risk of coronary heart disease and
stroke: a systematic review and meta-analysis of published
and unpublished data for 603,838 individuals. Lancet. 2015
Oct 31;386(10005):1739-46.

7. Li M, Huang JT, Tan Y, Yang BP, Tang ZY. Shift work
and risk of stroke: A meta-analysis. Int J Cardiol 2016
Jul;214:370-3. https://doi.org/10.1016/.ijcard.2016.03.052.

8. Jorgensen JT, Karlsen S, Stayner L, Hansen J, Andersen ZJ.
Shift work and overall and cause-specific mortality in the
Danish nurse cohort. Scand J Work Environ Health 2017
Mar;43(2):117-26. https://doi.org/10.5271/sjweh.3612.

9. Virtanen M, Kivimdki M. Long Working Hours and
Risk of Cardiovascular Disease. Curr Cardiol Rep 2018
Oct;20(11):123. https://doi.org/10.1007/s11886-018-1049-
9.

10. Akerstedt T, Narusyte J, Svedberg P. Night work, mortality,

20.

21.

22.

Bigertetal

and the link to occupational group and sex. Scand J Work
Environ Health 2020 Sep;46(5):508—15. https://doi.
org/10.5271/sjweh.3892.

. Hirmd M. Workhours in relation to work stress,

recovery and health. Scand J Work Environ Health 2006
Dec;32(6):502—14. https://doi.org/10.5271/sjweh.1055.

Puttonen S, Harmd M, Hublin C. Shift work and
cardiovascular disease - pathways from circadian
stress to morbidity. Scand J Work Environ Health 2010
Mar;36(2):96-108. https://doi.org/10.5271/sjweh.2894.

. Vedaa @, Moerland E, Larsen M, Harris A, Erevik E,

Sivertsen B et al. Sleep Detriments Associated With
Quick Returns in Rotating Shift Work: A Diary Study. J
Occup Environ Med 2017 Jun;59(6):522-7. https://doi.
org/10.1097/JOM.0000000000001006.

Thosar SS, Butler MP, Shea SA. Role of the circadian
system in cardiovascular disease. J Clin Invest 2018
Jun;128(6):2157-67. https://doi.org/10.1172/JCI80590.

. Garde AH, Nabe-Nielsen K, Jensen MA, Kristiansen J,

Serensen JK, Hansen AM. The effects of the number of
consecutive night shifts on sleep duration and quality. Scand
J Work Environ Health 2020 Jul;46(4):446-53. https://doi.
org/10.5271/sjweh.3885.

. Waage S, Pallesen S, Moen BE, Vedaa @, Thun E, Vikanes

Buchvold H et al. Changes in work schedule affect the
prevalence of shift work disorder among Norwegian
nurses - a two year follow-up study. Chronobiol Int 2021
Jun;38(6):924-32. https://doi.org/10.1080/07420528.2021.
1896535.

. Ferguson JM, Costello S, Neophytou AM, Balmes JR,

Bradshaw PT, Cullen MR et al. Night and rotational
work exposure within the last 12 months and risk of
incident hypertension. Scand J Work Environ Health 2019
May;45(3):256-66. https://doi.org/10.5271/sjweh.3788.

. Tucker P, Hirmad M, Ojajdrvi A, Kivimédki M, Leineweber

C, Oksanen T et al. Associations between shift work and use
of prescribed medications for the treatment of hypertension,
diabetes, and dyslipidemia: a prospective cohort study.
Scand J Work Environ Health 2019 Sep;45(5):465-74.
https://doi.org/10.5271/sjweh.3813.

. Eurofound. Sixth European Working Conditions Survey —

Overview report (2017 update), Publications Office of the
European Union, Luxembourg: 2017.

Statistics Sweden. Living Conditions Survey (ULF/SILC).
Arrangement of working hours, for employees aged 16-64
in 2018 (in Swedish). 2018.

Virtanen SV, Notkola V. Socioeconomic inequalities in
cardiovascular mortality and the role of work: a register
study of Finnish men. Int J Epidemiol 2002 Jun;31(3):614—
21. https://doi.org/10.1093/ije/31.3.614.

Karlsson B, Alfredsson L, Knutsson A, Andersson E,
Torén K. Total mortality and cause-specific mortality
of Swedish shift- and dayworkers in the pulp and paper
industry in 1952-2001. Scand J Work Environ Health 2005
Feb;31(1):30-5. https://doi.org/10.5271/sjweh.845.

Scand J Work Environ Health 2022, vol 48, no 1 39


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28987197&dopt=Abstract
https://doi.org/10.1016/B978-0-12-802395-2.00007-9
https://doi.org/10.1016/B978-0-12-802395-2.00007-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24449944&dopt=Abstract
https://doi.org/10.1016/S0140-6736(13)61953-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26135634&dopt=Abstract
https://doi.org/10.1016/j.arcmed.2015.06.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22835925&dopt=Abstract
https://doi.org/10.1136/bmj.e4800
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27085131&dopt=Abstract
https://doi.org/10.1016/j.ijcard.2016.03.052
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28245504&dopt=Abstract
https://doi.org/10.5271/sjweh.3612
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30276493&dopt=Abstract
https://doi.org/10.1007/s11886-018-1049-9
https://doi.org/10.1007/s11886-018-1049-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32270204&dopt=Abstract
https://doi.org/10.5271/sjweh.3892
https://doi.org/10.5271/sjweh.3892
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17173206&dopt=Abstract
https://doi.org/10.5271/sjweh.1055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20087536&dopt=Abstract
https://doi.org/10.5271/sjweh.2894
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28437294&dopt=Abstract
https://doi.org/10.1097/JOM.0000000000001006
https://doi.org/10.1097/JOM.0000000000001006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29856365&dopt=Abstract
https://doi.org/10.1172/JCI80590
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32055864&dopt=Abstract
https://doi.org/10.5271/sjweh.3885
https://doi.org/10.5271/sjweh.3885
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33736559&dopt=Abstract
https://doi.org/10.1080/07420528.2021.1896535
https://doi.org/10.1080/07420528.2021.1896535
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30614503&dopt=Abstract
https://doi.org/10.5271/sjweh.3788
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30847495&dopt=Abstract
https://doi.org/10.5271/sjweh.3813
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12055163&dopt=Abstract
https://doi.org/10.1093/ije/31.3.614
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15751616&dopt=Abstract
https://doi.org/10.5271/sjweh.845

Night and shift work and cerebrovascular disease

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

40

Fujino Y, Iso H, Tamakoshi A, Inaba Y, Koizumi A, Kubo
T et al. Japanese Collaborative Cohort Study Group. A
prospective cohort study of shift work and risk of ischemic
heart disease in Japanese male workers. Am J Epidemiol
2006 Jul;164(2):128-35. https://doi.org/10.1093/aje/
kwj185.

Hermansson J, Gillander Gadin K, Karlsson B, Lindahl B,
Stegmayr B, Knutsson A. Ischemic stroke and shift work.
Scand J Work Environ Health 2007 Dec;33(6):435-9.
https://doi.org/10.5271/sjweh.1165.

Brown DL, Feskanich D, Sanchez BN, Rexrode KM,
Schernhammer ES, Lisabeth LD. Rotating night shift work
and the risk of ischemic stroke. Am J Epidemiol 2009
Jun;169(11):1370-7. https://doi.org/10.1093/aje/kwp056.

Torquati L, Mielke GI, Brown WJ, Kolbe-Alexander
T. Shift work and the risk of cardiovascular disease. A
systematic review and meta-analysis including dose-
response relationship. Scand J Work Environ Health 2018
May;44(3):229-38. https://doi.org/10.5271/sjweh.3700.

Harméd M, Ropponen A, Hakola T, Koskinen A, Vanttola
P, Puttonen S et al. Developing register-based measures
for assessment of working time patterns for epidemiologic
studies. Scand J Work Environ Health 2015 May;41(3):268—
79. https://doi.org/10.5271/sjweh.3492.

Héarmad M, Gustavsson P, Kolstad HA. Shift work and
cardiovascular disease - do the new studies add to
our knowledge? Scand J Work Environ Health 2018
May;44(3):225-8. https://doi.org/10.5271/sjweh.3727.

Kader M, Bigert C, Andersson T, Selander J, Bodin T,
Skroder H et al. Shift and night work during pregnancy
and preterm birth —a cohort study of Swedish health care
employees. Int J Epidemiol. 2021 Jul 1:dyab135. https://doi.
org/10.1093/ije/dyab135.

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology.
3rd Ed. Lippincott Williams & Wilkins, 2008.

Richardson DB. Discrete time hazards models for
occupational and environmental cohort analyses. Occup
Environ Med 2010 Jan;67(1):67-71. https://doi.org/10.1136/
0em.2008.044834.

Dumont M, Paquet J. Progressive decrease of melatonin
production over consecutive days of simulated night work.
Chronobiol Int 2014 Dec;31(10):1231-8. https://doi.org/10
.3109/07420528.2014.957304.

Scand J Work Environ Health 2022, vol 48, no 1

33.

34.

35.

36.

37.

38.

39.

40.

41.

Niu SF, Chung MH, Chu H, Tsai JC, Lin CC, Liao YM et
al. Differences in cortisol profiles and circadian adjustment
time between nurses working night shifts and regular
day shifts: A prospective longitudinal study. Int J Nurs
Stud 2015 Jul;52(7):1193-201. https://doi.org/10.1016/j.
ijnurstu.2015.04.001.

Jensen MA, Garde AH, Kristiansen J, Nabe-Nielsen K,
Hansen AM. The effect of the number of consecutive night
shifts on diurnal rhythms in cortisol, melatonin and heart
rate variability (HRV): a systematic review of field studies.
Int Arch Occup Environ Health 2016 May;89(4):531-45.
https://doi.org/10.1007/s00420-015-1093-3.

Ayas NT, White DP, Manson JE, Stampfer MJ, Speizer
FE, Malhotra A et al. A prospective study of sleep
duration and coronary heart disease in women. Arch Intern
Med 2003 Jan;163(2):205-9. https://doi.org/10.1001/
archinte.163.2.205.

Chandola T, Ferrie JE, Perski A, Akbaraly T, Marmot MG.
The effect of short sleep duration on coronary heart disease
risk is greatest among those with sleep disturbance: a
prospective study from the Whitehall II cohort. Sleep 2010
Jun;33(6):739-44. https://doi.org/10.1093/sleep/33.6.739.

Westerterp-Plantenga MS. Sleep, circadian rhythm
and body weight: parallel developments. Proc Nutr
Soc 2016 Nov;75(4):431-9. https://doi.org/10.1017/
S0029665116000227.

Gan'Y, Yang C, Tong X, Sun H, Cong Y, Yin X et al. Shift
work and diabetes mellitus: a meta-analysis of observational
studies. Occup Environ Med 2015 Jan;72(1):72-8. https://
doi.org/10.1136/0emed-2014-102150.

Kiviméki M, Leino-Arjas P, Kaila-Kangas L, Luukkonen R,
Vahtera J, Elovainio M et al. Is incomplete recovery from
work a risk marker of cardiovascular death? Prospective
evidence from industrial employees. Psychosom Med
2006 May-Jun;68(3):402—7. https://doi.org/10.1097/01.
psy.0000221285.50314.d3.

Swedish Work Environment Authority. Medical checks in
working life, AFS 2019:3 (in Swedish). 2019.

Nabe-Nielsen K, Garde AH, Tiichsen F, Hogh A,
Diderichsen F. Cardiovascular risk factors and primary
selection into shift work. Scand J Work Environ Health 2008
Jun;34(3):206-12. https://doi.org/10.5271/sjweh.1230.

Received for publication: 24 June 2021


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16707650&dopt=Abstract
https://doi.org/10.1093/aje/kwj185
https://doi.org/10.1093/aje/kwj185
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18327511&dopt=Abstract
https://doi.org/10.5271/sjweh.1165
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19357324&dopt=Abstract
https://doi.org/10.1093/aje/kwp056
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29247501&dopt=Abstract
https://doi.org/10.5271/sjweh.3700
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25788103&dopt=Abstract
https://doi.org/10.5271/sjweh.3492
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29589038&dopt=Abstract
https://doi.org/10.5271/sjweh.3727
https://doi.org/10.1093/ije/dyab135.
https://doi.org/10.1093/ije/dyab135.
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20029026&dopt=Abstract
https://doi.org/10.1136/oem.2008.044834
https://doi.org/10.1136/oem.2008.044834
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25222345&dopt=Abstract
https://doi.org/10.3109/07420528.2014.957304
https://doi.org/10.3109/07420528.2014.957304
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25900684&dopt=Abstract
https://doi.org/10.1016/j.ijnurstu.2015.04.001
https://doi.org/10.1016/j.ijnurstu.2015.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26464315&dopt=Abstract
https://doi.org/10.1007/s00420-015-1093-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12546611&dopt=Abstract
https://doi.org/10.1001/archinte.163.2.205
https://doi.org/10.1001/archinte.163.2.205
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20550013&dopt=Abstract
https://doi.org/10.1093/sleep/33.6.739
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27117840&dopt=Abstract
https://doi.org/10.1017/S0029665116000227
https://doi.org/10.1017/S0029665116000227
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25030030&dopt=Abstract
https://doi.org/10.1136/oemed-2014-102150
https://doi.org/10.1136/oemed-2014-102150
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16738071&dopt=Abstract
https://doi.org/10.1097/01.psy.0000221285.50314.d3
https://doi.org/10.1097/01.psy.0000221285.50314.d3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18728910&dopt=Abstract
https://doi.org/10.5271/sjweh.1230

