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Objectives This study aimed to evaluate effects of night and shift work patterns on type 2 diabetes (T2D) and
hypertension in a longitudinal study, with detailed information on working hours.

Methods The cohort comprised about 28 000 nurses and nursing assistants employed for more than one year
2008-2016 in Stockholm, Sweden. The employee register held detailed individual information on daily working
hours. Information on diagnoses came from national and regional registers. Hazard ratios (HR) and confidence
intervals (CI) were estimated by discrete-time proportional hazard models, adjusting for sex, age, country of
birth, and profession.

Results During follow-up in 20132017, we identified 232 cases of T2D and 875 of hypertension. We observed
an increased risk of T2D, but not hypertension, among employees who worked only night shifts the previous
year (HR 1.59, 95% CI 1.02-2.43) and those with intensive shift work (>120 afternoon and/or night shifts the
previous year: HR 1.67, 95% CI 1.11-2.48) compared to only day work. There was a non-significantly increased
risk of T2D related to mixed day and afternoon shifts (HR 1.34, 95% CI 0.97-1.88). We observed tendencies
in increased risk of T2D related to frequent spells of >3 consecutive night shifts and with number of years with
exclusive (but not mixed) night work.

Conclusions Permanent night work and frequent afternoon and/or night shifts were associated with an increased
risk of T2D the following year, but not hypertension. The T2D risk was, to some extent, affected by frequent
spells of several night shifts in a row and by cumulative years with permanent night work.
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It is estimated that about 21% of the working population
in Europe and about 40% of healthcare employees are
engaged in shift work with or without night shifts (1).
Working time patterns like night and shift work have
been suggested to increase the risk of chronic health
issues like hypertension (2, 3) and metabolic disorders,
especially type 2 diabetes (T2D) (4-8). An understand-
ing of what types of work patterns are the most associ-
ated with increased risk of such diseases would facilitate
developing less harmful work schedules for those who
need to work shift and night. There is much to be gained

as hypertension is regarded as the leading cause of car-
diovascular disease worldwide (9) and T2D, also a risk
factor for cardiovascular disease, as one of the leading
causes of human suffering and deaths worldwide (10).
The association between night and shift work and car-
diovascular disease, in which hypertension and diabetes
may act as mediators, has been summarized in several
reviews (11-14).

Potential mechanisms linking night and shift work
to diabetes and hypertension include physiological
mechanisms such as disruption of the circadian rhythm,
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hormonal changes and physiological stress mechanisms,
as well as behavioral factors (8, 15).

Although there is accumulating evidence that night
and shift work may affect the risk of diabetes and
hypertension, previous studies report varying findings.
Also, many studies have limitations in form of impre-
cise exposure data, with self-reported information on
working hours and schedules, or lack of a longitudinal
approach.

In this longitudinal study, we have register-based
exposure data with detailed information on working
hours for each employed individual in a cohort of Swed-
ish healthcare employees. The aim was to evaluate the
effects of different night and shift work patterns on the
risk of incident T2D and hypertension.

Methods

Study design and population

This is a prospective cohort study including healthcare
employees who were employed for over a year from
1 January 2008 to 31 December 2016, in the Region
Stockholm, Sweden. More details about the formation
of the cohort and the study design have been described
previously (16). In summary, the employees were iden-
tified from a computerized administration employee
register (HEROMA). We included occupational groups
with a high proportion of night work, namely nurses and
nursing assistants including caregivers, personal assis-
tants and accommodation assistants. Physicians were not
included, due to insufficient information on night work
and working hours. By record linking to the Population
Register at Statistics Sweden we got information on vital
status and country of birth.

From the total cohort of nurses and nursing assis-
tants (N=29 541) we completed an analytical subsample
to investigate the risk of T2D. We excluded employ-
ees with a previous diagnosis of any type of diabetes
and employees who had previously been prescribed
any medication for diabetes [Anatomical Therapeutic
Chemical (ATC) group: Al — insulin and oral glucose-
lowering drugs] before the first employment day or
within the first 12 months of employment, as well as
those who were not under risk anytime between 2013
and 2017. The patient registers dated back to 1998 for
inpatient care and 2001 for outpatient care. The National
Prescribed Drug Register (at the National Board of
Health and Welfare) dated back to 2005.

Similarly, we completed an analytical subsample
to investigate the risk of hypertension by excluding
employees with a previous diagnosis of hypertension
and employees who had previously been prescribed
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any type of medication that may be used in treatment
of hypertension (ATC groups: C02, C03, C07, CO8 and
C09). The final samples comprised 28 481 employees
(25 065 women and 3 416 men) in the T2D cohort and
23 280 employees (20 374 women and 2906 men) in
the hypertension cohort. The inclusion and exclusion
procedure for the cohorts is presented in a flowchart
(supplementary material, URL, figure S1).

Exposure assessment and classification

The information on working hours was obtained from
Region Stockholm’s employee register HEROMA.
Detailed individual information on day-by-day working
hours was available from 1 January 2008 to 31 Decem-
ber 2016 in addition to information on occupation.

Three types of shifts were identified: day, afternoon,
and night shifts (see definitions in table 2). For each
year, the cohort participants were additionally classified
within either of four types of shift work. Furthermore,
for each year, we calculated the frequency of (i) any
shifts (afternoon and/or night shifts), (ii) night shifts,
and (iii) >3 consecutive night shifts. The cut-off points
in categorizing exposure for shift work patterns were
based on 1-25% 25-50", 50-75% and >75% percentile
in the distribution of the exposed group. We also classi-
fied the cumulative number of years with any shift work
and with any night work divided into three categories
based on the exposure (never, 1-3, 4-7, >8 years), and
sensitivity analyses of the cumulative number of years
with exclusively night shifts (never, 1-3 and >4 years).

The method for aggregation and characterization of
working time patterns has been evaluated (17) and was
applied in previous studies on healthcare employees in
Region Stockholm (16, 18, 19).

Classification of the outcome

We identified first time diagnosis of T2D (E11 in ICD-
10) and hypertension (I10 in ICD-10) by record linking
to the National Patient Register at the National Board
of Health and Welfare (inpatient and specialized outpa-
tient care) and the Regional Database (VAL database) in
Stockholm (non-hospitalized patients from inpatient and
outpatient contacts). We included the diagnosis of T2D
or hypertension that first appeared in either of the two
registers, during the follow-up period 1 January 2013
to 31 December 2017. Prescribed medication was not
used as an outcome.

Data analysis

We used discrete-time proportional hazard models to
calculate the risk of T2D and hypertension in relation
to night and shift work patterns and duration of night



work. The person-time was stratified by follow-up year
and age and exposure variables were treated as time-
dependent variables updated for each year. The employ-
ees were at risk from at least one year after employment,
until the date of diagnosis, death, or end-of-follow-up,
whichever came first. Employees who had been pre-
scribed medication for the disease under study in the
year before diagnosis were censored in the analysis.

In the estimation of hazard ratios (HR) with 95%
confidence intervals (CI), two levels of adjustments
were made. The first adjusted for calendar year (inher-
ent in the analytical model), sex and age (continuous);
the second additionally adjusted for country of birth
(Sweden; Nordic countries except Sweden; Europe
except Nordic countries; other countries) and profession
(nurses including midwives; nursing assistants). Country
of birth was used as a proxy measure for ethnicity, and
profession as a proxy for socioeconomic status.

In the main analyses, we used a one-year time win-
dow where the estimated HR were based on the expo-
sure/shift work patterns during the year preceding the
outcome (also applied for the comparison group), except
for analyses of cumulative exposure. Based on the main
analyses, we also performed additional analyses focus-
ing on a three-year time window (for frequencies: aver-
age value for the years with information on work hours,
up to three years preceding the outcome) to explore
the risk related to exposure patterns in a somewhat
longer time perspective. We also performed sensitivity
analyses focusing on cumulative number of years with
exclusively night work.

In addition, we performed trend tests, using con-
tinuous variables in the regression model. In sensitivity
analyses we performed trend tests based on those with
exclusively night work.

SAS software, version 9.4 for Windows (SAS Insti-
tute Inc, Cary, NC, USA) was used for all statistical
analyses.

Results

The characteristics of the study participants are pre-
sented in table 1 for the T2D cohort and in supplemen-
tary table S1 for the hypertension cohort. In the T2D
cohort, there were 16 633 employees who, at the end
of follow-up, had never worked night shifts and 11 848
who had ever worked night shifts. The hypertension
cohort comprised 13 134 employees who never worked
night shifts and 10 146 who ever worked night shifts.
In both cohorts, the percentage of men was some-
what higher among those who ever worked night than
among those who never worked night. Employees who
had ever worked night tended to be younger than those
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Table 1. Baseline characteristics of the study participants (N=28 481)
in the cohort for type 2 diabetes (ICD: E11).

Variables Never Ever Total
nightwork?®  nightwork? cohort
N % N % N %

Sex

Women 15009 90.2 10056 84.9 25065 88.0

Men 1624 9.8 1792 151 3416 12.0

Age (years)®

<40 5028 30.2 5524 46.6 10552 37.0

40-49 4196 252 3112 263 7308 25.7

250 7409 445 3212 27.1 10621 37.3

Country of birth

Sweden 13284 79.9 9168 77.4 22452 788

Nordic counties except 993 6.0 646 55 1639 58

Sweden

Europe except Nordic 739 44 668 5.6 1407 49

countries

Outside Europe 1617 9.7 1364 11.5 2981 10.5

Profession

Nurses 9175 55.2 7206 60.8 16381 57.5

Nursing assistants 7458 448 4642 39.2 12100 425

At the end of follow-up, based on all years with information on work hours
2008-2016.
b At the beginning of follow-up.

who had not. Having worked nights was more common
among nurses than nursing assistants and employees
with a country of birth outside the Nordic countries.

During the follow-up period 2013-2017 (mean 3.7
years of follow-up for the diabetes cohort and 3.6 years
for the hypertension cohort), we identified 232 incident
cases of T2D and 875 incident cases of hypertension,
when applying a one-year time window in the analyses.
Correspondingly we identified 370 cases of T2D and
1229 of hypertension in analyses of risks related to
cumulative number of years with shift or night work.
The mean number of years with employment/exposure
information during the period 2008-2016 was 6.0 years
for the diabetes cohort and 5.8 years for the hyperten-
sion cohort.

Type of shift work and risk of diabetes and hypertension

Healthcare employees who worked night shifts only had
an increased risk for T2D the following year compared
to those with always day shifts (fully adjusted model:
HR 1.59, 95% CI 1.02-2.43) (table 2). Employees who
worked day and afternoon shifts, but no night shifts,
had an increased risk for T2D the following year com-
pared to those with only day shifts when adjusted for
calendar year, age and sex. After additional adjustment
for country of birth and profession the increased risk
was no longer statistically significant (HR 1.34, 95%
CI10.97-1.88). For employees who worked a mix of day
and/or afternoon and night shifts, the risk was lower and
not statistically significant. Additional analyses apply-
ing a three-year time window for the exposure showed
similar results although the increased risk for T2D
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Table 2. Discrete-time proportional hazard models for incident type 2 diabetes (ICD: E11) among healthcare employees during follow-up 2013-2017,
contributing to a total of 92 792 person-years (PY) for analyses of shift work patterns. Each of the models was estimated separately. A one-year time
window was applied for the shift work patterns. [HR=hazard ratio; Cl=confidence interval.]

Exposure? Type 2 diabetes
PY N cases HR®(95% CI) HR ¢(95% Cl)

Type of shift work
Always day ¢ work 28128 62 Ref. Ref.
Day and afternoon ¢ shifts (no night shifts) 36968 102 1.65(1.21-2.28) 1.34(0.97-1.88)
Day and/or afternoon shifts, and night f shifts 20362 33 1.24(0.80-1.89) 1.13(0.73-1.73)
Night shifts only 7334 35 1.97(1.28-2.98) 1.59(1.02-2.43)

Frequency of any shifts (afternoon and/or night)
Always day work 28128 62 Ref. Ref.
1-19 times/year 8307 22 1.73(1.04-2.78) 1.56 (0.93-2.50)
20-62 times/year 19587 33 1.10(0.71-1.67) 0.96 (0.62-1.46)
63-120 times/year 26713 Al 1.71(1.21-2.42) 1.37(0.96-1.96)
>120 times/year 10057 44 2.06(1.39-3.05) 1.67(1.11-2.48)
Trend test (risk increase per 10 times) ¢ 1.01(1.00-1.02) 1.01(0.99-1.02)

Frequency of night shifts
Never night shifts 65096 164 Ref. Ref.
1-19 times/year 7737 14 1.15(0.63-1.92) 1.20(0.66-2.00)
20-62 times/year 7607 11 0.88(0.45-1.55) 0.92(0.47-1.61)
63-120 times/year 5528 12 0.90(0.47-1.54) 0.87(0.46-1.50)
>120 times/year 6824 31 1.45(0.97-2.10) 1.30(0.86-1.89)
Trend test (risk increase per 10 times) 1.02(0.98-1.07) 1.01(0.97-1.06)

Frequency of 23 consecutive night shifts

Never night shifts" 65096 164 Ref. Ref.
0 times/year 6289 8 0.67(0.30-1.28) 0.71(0.32-1.35)
1-5times/year 6914 12 1.10(0.58-1.90) 1.12(0.59-1.93)
6-14 times/year 5181 1" 1.11(0.57-1.96) 1.10(0.56-1.93)
15-20 times/year 4096 16 1.43(0.82-2.32) 1.34(0.77-2.17)
>20 times/year 5216 21 1.35(0.83-2.08) 1.21(0.74-1.87)

Trend test (risk increase per 10 times) !

1.10(0.90-1.34) 1.05(0.85-1.27)

2Based on the exposure during the year preceding the outcome, except for in analyses of cumulative years of night work. The cut-off points in categorizing exposure
for shift work patterns were based on 1-25'" percentile, 25""-50t percentile, 50t"-75" percentile and >75" percentile in the distribution of the exposed group, ex-
cept for type of shift work. For analyses of cumulative number of years with any night work three categories were used based on the exposure.

®Adjusted for calendar year (inherent in the analytical model), sex and age (continuous).

cAdditionally adjusted for country of birth (Sweden; Nordic countries except Sweden; Europe except Nordic countries; other countries) and profession (Nurses in-

cluding midwives; Nursing assistants).
9Day shifts: starts after 06:00 and ends no later than 18:00.

eAfternoon shifts: starts after 12:00 and ends later than 18:00, but not a night shift.

fNight shifts: at least three hours within 22:00 hours-06:00 hours.
9Trend among those who worked any shifts.

"Those who worked day and/or afternoon shifts, but no night shifts.
iTrend among those who worked night shifts.

among employees who only worked night shifts was
no longer statistically significant in the fully adjusted
model (supplementary table S2). For hypertension, no
increased risk was observed in relation to the different
types of shift work (table 3 and supplementary table S3).

Frequency of shift work and consecutive night shifts and
risk of diabetes and hypertension

For employees with the highest frequency of any shifts
(>120 times per year) there was a statistically significant
risk increase for T2D the following year in the fully
adjusted model (HR 1.67, 95% CI 1.11-2.48) compared
to employees with always day work (table 2). The
employees who had the highest frequency of night shifts
(>120 times per year) had an increased risk for T2D the
following year compared to those who never worked
night shifts, although statistically not significant (fully

442  Scand J Work Environ Health 2023, vol 49, no 6

adjusted model: HR 1.30, 95% CI 0.86—1.89) (table 2).
However, the trend test indicated no increasing risk for
diabetes with increasing number of any shifts or with
increasing number of night shifts, expressed as risk
increase per 10 shifts. The findings were similar when
applying a three-year time window (supplementary
table S2).

The risk of T2D tended to be higher the following
year for those who frequently worked >3 consecutive
night shifts (15-20 times per year and >20 times per
year) compared to those who never worked nights, but
no statistically significant risk increase was observed
and no significant trend (table 2). In the analyses with a
three-year time window, we observed an increased risk
of T2D among employees who worked >3 consecutive
night shifts on average 15-20 times per year (HR 1.71,
95% CI 1.05-2.63 in the fully adjusted model) (supple-
mentary table S2).
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Table 3. Discrete-time proportional hazard models for incident hypertension (ICD: 110) among healthcare employees during follow-up 2013-2017,
contributing to a total of 73 679 person-years (PY) for analyses of shift work patterns. Each of the models was estimated separately. A one-year time

window was applied for the shift work patterns. [HR=hazard ratio; Cl=confidence interval.]

Exposure ? Hypertension
PY No cases HR® (95% Cl) HR ¢(95% Cl)
Type of shift work
Always day ¢ work 20923 302 Ref. Ref.
Day and afternoon ¢ shifts (no night shifts) 29840 340 1.08(0.92-1.26) 1.04(0.88-1.22)
Day and/or afternoon shifts, and night f shifts 17261 148 1.01(0.82-1.23) 0.99(0.81-1.21)
Night shifts only 5655 85 1.01(0.79-1.28) 0.96(0.75-1.23)
Frequency of any shifts (afternoon and/or night shifts)
Always day work 20923 302 Ref. Ref.
1-19 times/year 6705 78 1.19(0.92-1.52) 1.15(0.89-1.47)
20-62 times/year 16 060 166 1.04(0.86-1.26) 1.01(0.84-1.23)
63-120 times/year 22087 225 1.04(0.87-1.23) 0.99(0.83-1.19)
>120 times/year 7904 104 1.01(0.80-1.26) 0.95(0.75-1.19)
Trend test (risk increase per 10 times) 9 1.00(0.99-1.01) 1.00(0.99-1.01)
Frequency of night shifts
Never night shifts" 50763 642 Ref. Ref.
1-19 times/year 6640 57 1.07(0.80-1.39) 1.08(0.81-1.40)
20-62 times/year 6553 44 0.82(0.59-1.10) 0.82(0.60-1.11)
63-120 times/year 4462 53 0.99(0.74-1.29) 0.98(0.73-1.28)
>120 times/year 5261 79 0.99(0.78-1.25) 0.96(0.76-1.21)
Trend test (risk increase per 10 times) 1.00(0.98-1.03) 1.00(0.98-1.02)
Frequency of 23 consecutive night shifts
Never night shifts" 50763 642 Ref. Ref.
0times/year 5242 53 1.05(0.79-1.38) 1.06 (0.79-1.39)
1-5 times/year 5968 43 0.90(0.65-1.21) 0.91(0.66-1.22)
6-14 times/year 4390 37 0.90(0.64-1.24) 0.90(0.63-1.24)
15-20 times/year 3245 41 0.95(0.68-1.28) 0.93(0.67-1.26)
>20 times/year 4071 59 1.01(0.77-1.31) 0.99(0.75-1.28)

Trend test (risk increase per 10 times)

1.03(0.92-1.15) 1.01(0.91-1.13)

2Based on the exposure during the year preceding the outcome, except for in analyses of cumulative years of night work. The cut-off points in categorizing exposure
for shift work patterns were based on 1-25" percentile, 25"-50t" percentile, 50t"-75% percentile and >75" percentile in the distribution of the exposed group, ex-
cept for type of shift work. For analyses of cumulative number of years with any night work three categories were used based on the exposure.

®Adjusted for calendar year (inherent in the analytical model), sex and age (continuous).

cAdditionally adjusted for country of birth (Sweden; Nordic countries except Sweden; Europe except Nordic countries; other countries) and profession (Nurses in-

cluding midwives; Nursing assistants).
dDay shifts: starts after 06:00 and ends no later than 18:00.

eAfternoon shifts: starts after 12:00 and ends later than 18:00, but not a night shift.

fNight shifts: at least three hours within 22:00 hours - 06:00 hours.
9Trend among those who worked any shifts.

"Those who worked day and/or afternoon shifts, but no night shifts.
iTrend among those who worked night shifts.

For hypertension, no increased risk was observed
in relation to the frequency of any shifts, night shifts or
>3 consecutive night shifts (table 3 and supplementary
table S3).

Cumulative number of years with shift work or night work

We did not observe any increased risk for either T2D
or hypertension in relation to the number of years with
any shift work compared to those who always worked
day or the number of years with any night work com-
pared to those who never worked nights (table 4 and 5).
However, in sensitivity analyses focusing on employees
with exclusively night work, we observed a tendency of
an increased risk of T2D, but not hypertension, among
employees with a long duration of exclusively night
work. Among employees with >4 years with exclu-
sively night work, the HR for T2D was 1.36 (95% CI

0.91-1.95) in the fully adjusted model (table 4). The
corresponding HR for hypertension in employees with
>4 years with exclusively night work was 0.94 (95% CI
0.71-1.22) in the fully adjusted model (table 5).

Discussion

The main findings of this study were an increased risk
of T2D among healthcare employees who in the previ-
ous year worked permanent night shifts and those with
a high frequency (>120 times per year) of any shifts
(afternoon and/or night shifts), compared to those with
always day work. We also observed a non-significant
tendency of increased risk of T2D among employees
with a mix of day and afternoon shifts, and among
employees with the highest frequency of night shifts
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Table 4. Discrete-time proportional hazard models for incident type 2 diabetes (ICD: E11) among healthcare employees during follow-up 2013-
2017, contributing to a total of 131 434 person-years (PY) for analyses of number of years with any shift work, any night work, or exclusively night

work. [HR=hazard ratio; Cl=confidence interval.]

Exposure ? Type 2 diabetes
PY N cases HR®(95% CI) HR ¢(95% Cl)
Cumulative number of years with any shift work
Always day work 29210 105 Ref. Ref.
1-3years 36 106 77 1.16 (0.86-1.56) 1.00(0.74-1.35)
4-7 years 56 808 152 1.15(0.89-1.49) 0.95(0.74-1.24)
> 8years 9310 36 1.25(0.82-1.86) 0.98(0.64-1.47)
Trend test (risk increase per year) ¢ 1.02(0.99-1.06) 0.99(0.96-1.03)
Cumulative number of years with any night work
Never night shifts® 79953 251 Ref. Ref.
1-3years 28381 45 0.88(0.63-1.20) 0.87(0.63-1.19)
4-7 years 20369 62 1.09(0.82-1.43) 1.07(0.80-1.41)
> 8years 2731 12 1.08(0.56-1.88) 1.03(0.54-1.80)
Trend test (risk increase per year) f 1.01(0.93-1.10) 1.01(0.93-1.09)
Cumulative number of years with exclusively night work
Never night shifts® 79953 251 Ref. Ref.
Night but not exclusive any year 36608 54 0.81(0.60-1.08) 0.85(0.62-1.13)
1-3 years mix of exclusive and not exclusive 6690 18 1.04(0.62-1.63) 1.03(0.62-1.62)
>4 years mix of exclusive and not exclusive 1963 6 0.81(0.32-1.66) 0.75(0.30-1.55)
1-3 years exclusively nights 2088 10 1.25(0.62-2.24) 1.11(0.55-1.98)
>4 years exclusively nights 4132 31 1.53(1.03-2.20) 1.36(0.91-1.95)
Trend test (risk increase per year exclusively nights) 9 1.04(0.93-1.15) 1.02(0.92-1.14)

2For analyses of cumulative number of years with any shift work or any night work three categories were used based on the exposure.
®Adjusted for calendar year (inherent in the analytical model), sex and age (continuous).
c¢Additionally adjusted for country of birth (Sweden; Nordic countries except Sweden; Europe except Nordic countries; other countries) and profession (Nurses in-

cluding midwives; Nursing assistants).
4Trend among those who worked any shifts.
¢Those who worked day and/or afternoon shifts, but no night shifts.
fTrend among those who worked night shifts.
9Trend among those who worked exclusively night shifts.

or frequent spells of >3 consecutive night shifts. The
number of years with permanent night work tended to
affect the risk of T2D. For the outcome hypertension, we
observed no increased risk in association with intensive
night and shift work or with number of years with any,
or permanent, night work.

The findings for T2D indicated that both permanent
night work and rotating shift work that does not include
night work may affect the risk, even though the evidence
was stronger for permanent night workers. Mixed shift
work that includes nights seems to affect the risk mainly
when the exposure is intense. The risk among permanent
night workers may not just be explained by intensive
night work, even though there is an overlap between the
exposure groups, where permanent night workers are
overrepresented in the highest exposure groups for the
various shift work patterns. However, the employees with
permanent night work also incorporate part-time workers,
with a low-to-medium frequency of night shifts per year.
Even so, the finding of a tendency of increased risk of
T2D for those with the highest frequency of night shifts
and most frequent spells of consecutive nights shifts indi-
cates that intensive night work per se may at least partially
contribute to this risk among permanent night workers.

Our results of an association between night shift work
and T2D are in agreement with several previous studies
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(4-7, 20-23), although some of them also observed sig-
nificant associations with shift work that did not include
nights. However, one study from the UK, including
findings for current permanent night shift work, did not
observe any association for this subgroup. Instead, the
frequency of night shifts per month seemed to be of
most importance for the diabetes risk among employees
in the UK (6). The UK study included employees in
any occupation and about 50% were men. That differs
from our cohort of mainly female healthcare employees,
for example in terms of potential gender differences in
relation to risk factors for cardiovascular disease and
diabetes. Even so, in a cohort of mainly female health-
care workers in Finland, an increased use of medication
for T2D was observed related to shift work that did not
include nights, but only in the age group 4049 years, and
not for shift work that included nights (24).

Although we did not observe an association between
shift work — with or without night shifts — and hyperten-
sion, several previous studies have (2, 3, 24, 25). Shift
work both with and without night shifts was associated
with an increased use of medication for hypertension in
the Finnish cohort of mainly female healthcare workers
among those aged <50 years (24). Among previous stud-
ies, some also indicated evidence for an association with
permanent, or mostly, night work (3, 25), one of which
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Table 5. Discrete-time proportional hazard models for incident hypertension (ICD: 110) in healthcare employees during follow-up 2013-2017,
contributing to a total of 101 949 person-years (PY) for analyses of number of years with any shift work, any night work, or exclusively night work.

[HR=hazard ratio; Cl=confidence interval.]

Exposure ? Hypertension
PY No cases HR®(95% CI) HR ¢(95% Cl)
Cumulative number of years with any shift work
Always day work 20147 339 Ref. Ref.
1-3years 29634 260 1.05(0.89-1.24) 1.02(0.86-1.20)
4-7 years 45216 514 1.05(0.91-1.21) 1.01(0.88-1.17)
> 8 years 6952 116 1.20(0.95-1.50) 1.14(0.90-1.43)
Trend test (risk increase per year) ¢ 1.01(0.99-1.04) 1.01(0.99-1.03)
Cumulative number of years with any night work
Never night shiftse 59 665 812 Ref. Ref.
1-3years 23963 189 0.98(0.83-1.15) 0.99(0.84-1.16)
4-7 years 16310 193 0.97(0.82-1.13) 0.97(0.82-1.13)
> 8years 201 35 1.02(0.71-1.42) 1.00(0.69-1.39)
Trend test (risk increase per year) f 1.01(0.97-1.06) 1.01(0.96-1.05)
Cumulative number of years with exclusively night work
Never night shiftse 59 665 812 Ref. Ref.
Night but not exclusive any year 30995 266 1.02(0.88-1.17) 1.03(0.90-1.19)
1-3 years mix of exclusive and not exclusive 5310 50 0.83(0.61-1.09) 0.83(0.61-1.09)
> 4 years mix of exclusive and not exclusive 1453 24 1.04(0.68-1.53) 1.03(0.67-1.52)
1-3 years exclusively nights 1548 19 0.87(0.53-1.33) 0.85(0.52-1.31)
> 4 years exclusively nights 2978 58 0.99(0.75-1.28) 0.94(0.71-1.22)
Trend test (risk increase per year exclusively nights) ¢ 1.02(0.96-1.10) 1.02(0.95-1.09)

2For analyses of cumulative number of years with any shift work or any night work three categories were used based on the exposure.
®Adjusted for calendar year (inherent in the analytical model), sex and age (continuous).
cAdditionally adjusted for country of birth (Sweden; Nordic countries except Sweden; Europe except Nordic countries; other countries) and profession (Nurses in-

cluding midwives; Nursing assistants).
4Trend among those who worked any shifts.
¢Those who worked day and/or afternoon shifts, but no night shifts.
"Trend among those who worked night shifts.
9Trend among those who worked exclusively night shifts.

was among Chinese female nurses (25). Ferguson et al's
cohort study (3) among mostly male industrial workers
applied a similar time window for the exposure (the last
year) as we did and had access to objectively assessed
information on shift work. They observed the highest
risk of incident hypertension among workers with a com-
bination of mostly night work and frequent rotations. In
the cross-sectional study by Zhao et al (25) an increased
risk of self-reported or self-measured hypertension was
observed for female nurses at similar exposure levels as
in our study where we did not observe any increase in
risk. However, a review and meta-analysis by Gamboa
Madeira et al (26) observed no significant increase in
diagnosis of hypertension related to shift work with or
without night work or permanent night work.

In the main analyses, we used a one-year time win-
dow for the exposure to assess the risk associated with
recent exposure to various patterns of night and shift
work. Working hour characteristics during the preced-
ing year has previously been shown to affect the risk
of incident hypertension (3) and cardiovascular disease
(16, 19). Additionally, we applied a three-year time
window to assess the risk related to work time patterns
for a somewhat longer time perspective, which may pos-
sibly be more relevant to the risk of developing T2D.
However, in both these scenarios, employees may have

belonged to other similar exposure groups in previous
years. Therefore, to some extent, the results reflect the
risk related to a combination of more recent and past
working time exposures. In this study, the effects of
night and shift work patterns on diabetes risk were simi-
lar for work in the past year and the accumulated effects
from the three previous years of exposure.

In the analyses of cumulative number of years with
shift or night work, we did not observe any risk of dia-
betes or hypertension associated with number of years
with any shift work or any night work. But we did see
a tendency for an association between diabetes risk and
number of years with exclusively night work. The refer-
ence group in the analyses of night work was those who
worked day and/or afternoon shifts (never night shifts),
and it is possible that the associations with cumulative
night work would have been stronger if compared to
those who worked day shifts only. However, we did
not observe an association between cumulative number
of years with any shift work compared to those with
always day work. An association between duration of
night shift work and T2D was previously observed in
studies of American women (4, 20, 23), two of which
were among nurses (4, 23).

Potential mechanisms for the association between
T2D and night and shift work include disturbances in
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the circadian rhythm, that may lead to changes in the
hormonal system, such as an increased production of
cortisol and interleukins and a suppression of melato-
nin secretion at night, and thereby affect the glucose
metabolism and insulin resistance (7, 15, 27). Both
central and peripheral circadian clocks are involved in
this regulation of the rhythm of hormone production
(27). The timing and total production of hormones may
vary with different night shift schedules and light condi-
tions (28). Stress mechanisms and disturbed sleep may
also be involved as well as behavioral changes related
to night work. Long-term exposure to night work has
been associated with higher body mass index and waist
circumference (5).

In previous studies based on the same cohort we
found that night and shift work affected the risk of
cardiovascular disease (16, 19). In the present study,
the risk of T2D, but not hypertension, was increased by
night and shift work. Therefore, it is possible that T2D
may have an important role in the pathway from night
shift work to the increased risk of cardiovascular dis-
eases noted in previous studies, while hypertension does
not contribute as much to this association. It thus implies
that the mechanism is mainly through a disturbance of
metabolism rather than a disturbance in the regulation
of blood pressure. However, the mechanisms are com-
plex, and other studies found support for an association
between night and shift work and hypertension.

In the present study, we excluded employees who
were previously prescribed any kind of anti-diabetes or
anti-hypertension medication. Many anti-hypertension
medications may also be prescribed to treat other health
issues, mainly cardiovascular diseases. Since we cannot
be sure that the medicine was prescribed specifically to
treat hypertension, there is a possibility that we selected
a healthier cohort for hypertension than for diabetes, free
from most previous cardiovascular disease. Therefore,
it cannot be ruled out that we, to some extent, underes-
timated the actual risk of hypertension related to night
and shift work.

This study had several strengths and limitations. The
strengths of the study include the longitudinal nature
and the access to very detailed information on work-
ing hours that we assessed and updated repeatedly. The
exposure information came from employee registers
and we did not need to use self-reported information
on working hours, thus avoiding recall bias. Also, the
diagnoses were based on a combination of national and
regional registers, which covered both inpatient and
outpatient visits. In addition, we had information on
prescribed medicines, which increased the likelihood
of including only incidental cases in the analyses. Since
the cohort consists of nurses and nursing assistants, the
percentage of study participants with night shift work
was high and they represent a rather homogenous group
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with, probably, small differences in lifestyles and other
potential individual and social risk factors. Even so, it
is a limitation that we did not have any information on
potential individual confounders, such as smoking, obe-
sity, physical inactivity, or alcohol consumption. These
may act as confounders or mediators. However, we did
account for a previous history of diabetes or hyperten-
sion, and we adjusted for profession, which may reduce
the risk of confounding related to lifestyle factors. A
further limitation is the uneven gender distribution in the
cohort. Employers in Sweden are required to offer medi-
cal checks for night workers and these usually include
measurements of blood pressure and plasma glucose
levels. This would potentially have led to a positive
detection bias but also add to the healthy worker effect,
as employees with health issues may have been trans-
ferred to day work or less intensive shift schedules. The
healthy worker effect may have resulted in an underesti-
mation of the risks related to night and shift work. There
is also a possible underestimation of the risks related to
cumulative number of years with night and shift work,
related to a lack of exposure information before 2008.

Concluding remarks

In this cohort of mainly female healthcare employees we
observed an increased risk of T2D, but not hypertension,
associated with permanent night work the previous year,
intensive shift work with afternoon and/or night shifts
the previous year, and a non-significant increase related
to a high cumulative number of years with permanent
night work. The risk of T2D was to some extent affected
by frequent spells of several night shifts in a row.

Our findings are consistent with some previous
observations from this cohort of healthcare employ-
ees, where intensive night work was associated with
risk of preterm birth and cardiovascular disease. Work
schedules that minimize intensive night shift work may
possibly reduce those risks as well as of T2D. We rec-
ommend that employers provide regular medical checks
for shift workers and offer preventive measures when
justified. We welcome more studies with detailed and
repeated information on working hours in a longitudi-
nal approach, and preferably also for other professional
groups and industries.

Funding

FORTE: Swedish Research Council for Health, Work-
ing Life and Welfare funded the study (grant no. 2017-
01947). We thank Region Stockholm for giving us
access to the payroll data.

The authors declare that they have no conflicts of
interest.



Patient consent for publication

Not required.

Ethical approval

Ethical approval was obtained from the Regional Ethics
Committee in Stockholm (2016/2490-31/2; 2017/1157-
32).

References

1. Eurofound. Sixth European Working Conditions Survey —
Overview report (2017 update), Publications Office of the
European Union, Luxembourg 2017.

2. Manohar S, Thongprayoon C, Cheungpasitporn W, Mao
MA, Herrmann SM. Associations of rotational shift work
and night shift status with hypertension: a systematic review
and meta-analysis. J Hypertens 2017 Oct;35(10):1929-37.
https://doi.org/10.1097/HJH.0000000000001442.

3. 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. Epub 2018 Nov 26. https://doi.
org/10.5271/sjweh.3788.

4. Pan A, Schernhammer ES, Sun Q, Hu FB. Rotating night
shift work and risk of type 2 diabetes: two prospective cohort
studies in women. PLoS Med 2011 Dec;8(12):e1001141.
Epub 2011 Dec 6. https://doi.org/10.1371/journal.
pmed.1001141.

5. Silva-Costa A, Rotenberg L, Nobre AA, Schmidt MI,
Chor D, Griep RH. Gender-specific association between
night-work exposure and type-2 diabetes: results from
longitudinal study of adult health, ELSA-Brasil. Scand J
Work Environ Health 2015 Nov;41(6):569-78. Epub 2015
Aug 27. https://doi.org/10.5271/sjweh.3520.

6. Vetter C, Dashti HS, Lane JM, Anderson SG, Schernhammer
ES, Rutter MK et al. Night Shift Work, Genetic Risk,
and Type 2 Diabetes in the UK Biobank. Diabetes Care
2018 Apr;41(4):762-9. Epub 2018 Feb 12. https://doi.
org/10.2337/dc17-1933.

7. Gao Y, Gan T, Jiang L, Yu L, Tang D, Wang Y et al.
Association between shift work and risk of type 2 diabetes
mellitus: a systematic review and dose-response meta-
analysis of observational studies. Chronobiol Int 2020
Jan;37(1):29-46. Epub 2019 Nov 4. https://doi.org/10.1080
/07420528.2019.1683570.

8. Strohmaier S, Devore EE, Zhang Y, Schernhammer ES. A
Review of Data of Findings on Night Shift Work and the
Development of DM and CVD Events: a Synthesis of the
Proposed Molecular Mechanisms. Curr Diab Rep 2018
Oct;18(12):132. https://doi.org/10.1007/s11892-018-1102-
5.

20.

Viklund et al

Mills KT, Stefanescu A, He J. The global epidemiology of
hypertension. Nat Rev Nephrol 2020 Apr;16(4):223-37.
Epub 2020 Feb 5. https://doi.org/10.1038/s41581-019-
0244-2.

. Khan MA, Hashim MJ, King JK, Govender RD, Mustafa

H, Al Kaabi J. Epidemiology of Type 2 Diabetes - Global
Burden of Disease and Forecasted Trends. J Epidemiol Glob
Health 2020 Mar;10(1):107-11. https://doi.org/10.2991/
jegh.k.191028.001.

. 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.

. 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. Epub 2017 Dec 16. https://doi.
org/10.5271/sjweh.3700.

. Cheng M, He H, Wang D, Xu L, Wang B, Ho KM et al.

Shift work and ischaemic heart disease: meta-analysis
and dose-response relationship. Occup Med (Lond) 2019
May;69(3):182-8. https://doi.org/10.1093/occmed/kqz020.

. 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. Epub 2016 Mar 30. https://doi.org/10.1016/j.
ijcard.2016.03.052.

. Kecklund G, Axelsson J. Health consequences of shift work

and insufficient sleep. BMJ 2016 Nov;355:15210. https://doi.
org/10.1136/bm;j.i5210.

. Bigert C, Kader M, Andersson T, Selander J, Bodin T,

Gustavsson P et al. Night and shift work and incidence
of cerebrovascular disease - a prospective cohort study of
healthcare employees in Stockholm. Scand J Work Environ
Health 2022 Jan;48(1):31-40. Epub 2021 Sep 24. https://
doi.org/10.5271/sjweh.3986.

. Harmd 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. Epub 2015 Mar 19. https://doi.org/10.5271/sjweh.3492.

. 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 2022 Jan;50(6):1864—74. Epub
2021 Jul 1. https://doi.org/10.1093/ije/dyab135.

. Kader M, Selander J, Andersson T, Albin M, Bodin T,

Hérmd M et al. Night and shift work characteristics and
incident ischemic heart disease and atrial fibrillation among
healthcare employees - a prospective cohort study. Scand J
Work Environ Health 2022 Sep;48(7):520-9. Epub 2022 Jun
20. https://doi.org/10.5271/sjweh.4045.

Vimalananda VG, Palmer JR, Gerlovin H, Wise LA,

Rosenzweig JL, Rosenberg L et al. Night-shift work
and incident diabetes among African-American women.

Scand J Work Environ Health 2023, vol 49, no 6 447


https://doi.org/10.1097/HJH.0000000000001442
https://doi.org/10.5271/sjweh.3788
https://doi.org/10.5271/sjweh.3788
https://doi.org/10.1371/journal.pmed.1001141
https://doi.org/10.1371/journal.pmed.1001141
https://doi.org/10.5271/sjweh.3520
https://doi.org/10.2337/dc17-1933
https://doi.org/10.2337/dc17-1933
https://doi.org/10.1080/07420528.2019.1683570
https://doi.org/10.1080/07420528.2019.1683570
https://doi.org/10.1007/s11892-018-1102-5
https://doi.org/10.1007/s11892-018-1102-5
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
https://pubmed.ncbi.nlm.nih.gov/22835925
https://doi.org/10.1136/bmj.e4800
https://doi.org/10.5271/sjweh.3700
https://doi.org/10.5271/sjweh.3700
https://doi.org/10.1093/occmed/kqz020
https://doi.org/10.1016/j.ijcard.2016.03.052
https://doi.org/10.1016/j.ijcard.2016.03.052
https://doi.org/10.1136/bmj.i5210
https://doi.org/10.1136/bmj.i5210
https://doi.org/10.5271/sjweh.3986
https://doi.org/10.5271/sjweh.3986
https://doi.org/10.5271/sjweh.3492
https://doi.org/10.1093/ije/dyab135
https://doi.org/10.5271/sjweh.4045

Night and shift work, type 2 diabetes, and hypertension

21.

22.

23.

24.

448

Diabetologia 2015 Apr;58(4):699-706. Epub 2015 Jan 14.
https://doi.org/10.1007/s00125-014-3480-9.

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.

Hansen AB, Stayner L, Hansen J, Andersen ZJ. Night shift
work and incidence of diabetes in the Danish Nurse Cohort.
Occup Environ Med 2016 Apr;73(4):262-8. Epub 2016 Feb
17. https://doi.org/10.1136/0emed-2015-103342.

ShanZ, LiY, Zong G, Guo Y, LiJ, Manson JE et al. Rotating
night shift work and adherence to unhealthy lifestyle in
predicting risk of type 2 diabetes: results from two large US
cohorts of female nurses. BMJ. 2018 Nov 21;363:k4641.
https://doi.org/10.1136/bmj.k4641.

Tucker P, Hirma M, Ojajarvi A, Kivimaki 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. Epub
2019 Mar 8. https://doi.org/10.5271/sjweh.3813.

Scand J Work Environ Health 2023, vol 49, no 6

25.

26.

27.

28.

Zhao B, Li J, Feng D, Liu J, Hao Y, Zhen Y et al.
Effect of frequency and pattern of night shift on
hypertension risk in female nurses: a cross-sectional study. J
Hypertens 2021 Jun;39(6):1170—6. https://doi.org/10.1097/
HJH.0000000000002755.

Gamboa Madeira S, Fernandes C, Paiva T, Santos Moreira
C, Caldeira D. The Impact of Different Types of Shift Work
on Blood Pressure and Hypertension: A Systematic Review
and Meta-Analysis. Int ] Environ Res Public Health 2021
Jun;18(13):6738. https://doi.org/10.3390/ijerph18136738.

Stenvers DJ, Scheer FA, Schrauwen P, la Fleur SE, Kalsbeek
A. Circadian clocks and insulin resistance. Nat Rev
Endocrinol 2019 Feb;15(2):75-89. https://doi.org/10.1038/
s41574-018-0122-1.

Harding BN, Castafio-Vinyals G, Palomar-Cros A,
Papantoniou K, Espinosa A, Skene DJ et al. Changes in
melatonin and sex steroid hormone production among men
as a result of rotating night shift work - the HORMONIT
study. Scand J Work Environ Health 2022 Jan;48(1):41-51.
Epub 2021 Oct 8. https://doi.org/10.5271/sjweh.3991.

Received for publication: 10 May 2023


https://doi.org/10.1007/s00125-014-3480-9
https://doi.org/10.5271/sjweh.3612
https://doi.org/10.1136/oemed-2015-103342
https://doi.org/10.1136/bmj.k4641
https://doi.org/10.5271/sjweh.3813
https://doi.org/10.1097/HJH.0000000000002755
https://doi.org/10.1097/HJH.0000000000002755
https://doi.org/10.3390/ijerph18136738
https://doi.org/10.1038/s41574-018-0122-1
https://doi.org/10.1038/s41574-018-0122-1
https://doi.org/10.5271/sjweh.3991

