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Objectives Shift work, such as alternating day and nights, causes chronobiologic disruptions which may cause

an increase in hypertension risk. However, the relative contributions of the components of shift work ‒ such as
shift type (eg, night work) and rotations (ie, switching of shift times; day to night) ‒ on this association are not
clear. To address this question, we constructed novel definitions of night work and rotational work and assessed
their associations with risk of incident hypertension.

Methods A cohort of 2151 workers at eight aluminum manufacturing facilities previously studied for cardio-

vascular disease was followed from 2003 through 2013 for incident hypertension, as defined by ICD-9 insurance
claims codes. Detailed time-registry data was used to classify each worker’s history of rotational and night work.
The associations between recent rotational work and night work in the last 12 months and incident hypertension
were estimated using adjusted Cox proportional hazards models.

Results Elevated hazard ratios (HR) were observed for all levels of recent night work (>0–5, >5–50, >50–95,
>95–100%) compared with non-night workers, and among all levels of rotational work (<1, 1–10, >10–20,
>20–30, and >30%) compared with those working <1% rotational work. In models for considering the combination of night and rotational work, workers with mostly night work and frequent rotations (≥50% night and
≥10% rotation) had the highest risk of hypertension compared to non-night workers [HR 4.00, 95% confidence
interval (CI )1.69–9.52].

Conclusions Our results suggest recent night and rotational work may both be associated with higher rates of
incident hypertension.

Key terms longitudinal; night work; occupational health; shift rotation; shift work; shift worker; time-registry;
working time.

Shift work is often attractive to workers due to flexible
schedules and increased wages. However, these benefits
may come at a cost to workers’ health. Shift work has
been associated with hypertension, a risk factor for
cardiovascular disease (1–4). Yet, prior research has
been unable to disentangle the relative importance of
particular shift patterns as the drivers for increased risk.
Workplaces have utilized shift work for decades to
arrange successive work shifts such that they may
operate longer hours (5, 6). As a result, there are many
different and highly customized work schedules that
are considered shift work. Definitions in the literature
include rotating shifts, weekend work, and various

shift schedules that may or may not include night work
(1, 7). Although there are no uniform definitions that
encompass all variants of shift work, estimates of the
prevalence of shift work range up to nearly 20% in the
US workforce (5, 8). Prior research indicates that two
primary components of shift work may be relevant to the
risk of hypertension, type of shift defined by the time
of work (eg, day versus night work) and the rotation
of shifts (ie, switching scheduled shift times), both of
which have the potential to disrupt circadian rhythms (1,
7). Imbalance in circadian rhythms may compromise the
ability of organ systems, including the cardiovascular
system, to adapt to external stimuli (7, 9–12). However,
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few studies have been able to assess the effects of shift
type and rotations on hypertension risk separately and
simultaneously in the same cohort (1). Furthermore,
there is ambiguity regarding the biologically relevant
time period in which hypertension develops following
exposure to shift work (4). While human-based laboratory studies have identified that circadian misalignment
causes alteration in the diurnal variation of blood pressure within 24 hours of shift work (13), epidemiological studies examining recent exposure to shift work are
conflicting and examine exposure periods that vary in
length from 1–20 years (3, 14). We hypothesize that
shift work in the previous year may be an important time
window of exposure for the development of hypertension given the acute impacts shift work can have on
blood pressure. To explore the impact of recent night
and rotational work on hypertension, we examined novel
exposure metrics of rotations and night work in a study
of incident hypertension using objective time-registry
data in a cohort study of US aluminum manufacturing
workers. Additionally, we examined the associations
between hypertension and the combinations of night
work and rotational work.

Methods
Study population
The study population is part of the American Manufacturing Cohort (AMC), comprising hourly employees at
light-metal smelter, refinery, and fabricating facilities
operating 24 hours a day in the United States. Workers
performed blue-collar work (ie, jobs requiring manual
labor; not including secretarial or office work) and
included tasks such as anode assembly operator, sheet
finishing, pack/ship operator, casting, autoclaving, and
electrical or mechanical maintenance (15). Detailed
information on employee demographics, work environments, and health were obtained from employment
records, company personnel files, industrial hygiene
records, and insurance claims.
In total, 3790 hourly workers in eight facilities
employed in shift work were potentially eligible for
study inclusion. These workers had shift work exposure
data recorded within 10 days of hire and were hired after
2003 when shift work data became available. Workers
were excluded if they were employed for less than one
year (1251 workers), or non-concurrently enrolled in the
insurance plan (125 workers). In addition, 263 workers
with prevalent hypertension, as determined from claims
in the first year of employment, were excluded. Our final
analytic dataset comprised 2151 hourly workers without
diagnosed prevalent hypertension. Follow-up times were

censored on the date workers switched insurance plans,
left employment with the company, or were otherwise
lost to follow-up. Follow-up times were also censored
at the first instance of missing shift work data if it was
missing for more than two weeks.
Night work and rotational work exposure
Exposure assessment for night work and rotational
work was based on daily working hour data retrieved
from two time-registry systems used to calculate
payroll from 27 December 2002 through the end of
2013. Each exposure metric was calculated from an
individual’s first active working date until either the
date of hypertension diagnosis, administrative censoring, or the end of the follow-up period, 31 December
2013, whichever came first. Non-work hours (eg, sick
leave, vacation) and shifts <3 hours (<0.5%) were
defined as non-exposed person-time. Additionally, any
shifts >18 hours (<0.1% of all shifts) were excluded
as potential exposures as they likely represented paid
time during which employees were allowed to sleep.
Shifts with ≤30 minutes unpaid time (eg, meal breaks)
between them were considered one continuous shift.
Night shifts were classified using starting time and
duration according to the most commonly employed
definition of night work in time register studies work by
Härmä et al (16) and Garde et al (17): a night shift is a
shift with ≥3 hours between 23:00‒06:00 hours. Shifts
not defined as night shifts were considered non-night
shifts. Recent night work exposure was defined as the
mean monthly percentage of shifts that were night shifts
over the previous 12 months (ie, the number of night
shifts per month/total number of shifts per month in a
moving window average of 12 months).
Among this population of shift workers, there was
exceptional variety in the shift systems used with multiple rotation schedules and shift lengths (eg, 12-hour
night shifts for 4 days, 2/3/4 weeks alternating 8-hour
shifts at different start times, permanent 8-hour shifts,
etc.). Therefore, rotational shifts were defined to objectively identify a switch to a different shift based on start
time rather than by classification of the shift plans. The
plants generally operated with either three 8-hour shifts
per day or two 12-hour shifts per day, or a combination of both operating independently to ensure 24-hour
operation. A minimum 6-hour absolute value displacement in start time was chosen to identify a shift with
schedule rotation as most plants had ≥8 hours between
each shift start. We chose 6 hours to avoid capturing
when a worker arrives early or late for their scheduled
shift and to capture a true shift change (ie, morning to
night rotation). For example, a shift at 11:00 hours followed by a shift the next day at 07:00 hours would not
be categorized as a shift rotation because the absolute
Scand J Work Environ Health 2019, vol 45, no 3
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value of the shift start time displacement was 4 hours
(ie, 11-7= 4). In comparison, a shift at 16:00 hours followed by a shift the next day at 23:00 hours would be
categorized as a rotation because the absolute value of
the shift start time displacement was 7 hours. Shifts on
the same day were not classified as rotations to avoid
identifying a rotation for a shift with breaks >30 minutes
(ie, long lunch break). Shifts that both began on the
same calendar day were rare (<1%). Recent rotational
work exposure was defined similarly to night work: the
mean monthly percent of shifts that had rotations over
the past 12 months.
Night and rotational work occurring >12 months
prior to the index date were considered “historical
exposures” and defined in the same manner; the mean
monthly percentage of night and rotational shifts,
respectively, from the beginning of follow-up until the
beginning of the previous year.
Hypertension outcome
Incident hypertension was defined as a face-to-face
(outpatient or hospitalization) diagnosis (ICD 9:
401.x–405.x) identified from medical insurance claims,
similar to previous analyses (18–22). Anti-hypertension
medications were not part of the case definition since
they are prescribed for multiple indications beyond
treatment of hypertension (23). If a face-to-face claim
for hypertension occurred within the first year of follow
up, the worker was considered to have prevalent hypertension and was excluded from analysis (ie, a one-year
washout period for prevalent hypertension).
Covariates
Baseline sex, age, and race, as well as time-varying job
grade and plant location were obtained through human
resource records. Race was categorized as white/Asian,
Hispanic, black, and other (multi-racial and Native American/Alaska native). Job grade, a classification matrix
for jobs based on experience, skill level, seniority and
prestige, ranged from 2–49 (24) and was dichotomized
into low and high job grade based on the facility-specific
median job grade. Job grade was considered an a priori
confounder because jobs with higher seniority may result
in more realized preference in schedule selection, and job
grade is correlated with wages which are strong predictors of health (24). Time-varying body mass index (BMI)
and smoking status were obtained through Occupation
Health and Safety Administration (OSHA) mandated
examinations such as respirator fit tests. These clinic
records were maintained only for active workers resulting in missing data for BMI and smoking. BMI was
classified into underweight, normal weight, overweight,
and obese according to the Centers for Disease Control
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(CDC) standard definitions: underweight <18.5 kg/m2,
Normal 18.5–24.9 kg/m2, overweight 25.0–29.9 kg/m2,
and obese ≥30.0 kg/m2 (25). Smoking status was categorized into never, current, and ever (ex-smoker). Insurance
records also provide a “risk score”, an insurance predictive health expenditures metric, used in this analysis as
a surrogate for time-varying health status (19, 26, 27).
These annual scores were originally developed to predict
an individual’s health expenditures in the coming year
and are standardized such that a score of 1 indicates the
individual’s health expenditures are likely to fall at the
mean. Each one unit increase predicts a one-fold increase
in expenditures above the mean (26).
Statistical analysis
We fit three separate Cox proportional hazard models
with attained age as the time scale to estimate hazard
ratios (HR) for developing hypertension as a function
of: (i) night work, (ii) rotational work, and (iii) combinations of both night and rotational work. Baseline
hazards for all models contained a strata statement
for sex and location to meet the proportional hazards
assumptions (28). We verified that the proportional hazard assumption was met using Schoenfeld residuals for
each model. Models were additionally adjusted for race,
plant location, job grade, risk score, and calendar year.
History of night work was adjusted for when examining associations with recent night work, and history of
rotational work was adjusted for when examining recent
rotational work.
Categories of recent and historical night work exposure were defined a priori to identify those workers with
no night work exposure (ie, non-night workers only),
those with very little night work exposure, and workers
with near permanent night work. The midrange exposures
were divided equally. The categories of recent night work
exposure were 0% (ie, non-night work only), >0–5% (ie,
those with very little night work exposure), 5–<50, 50–95,
and >95–100% night shifts (ie, near permanent night
workers). Historical night work exposure was modeled as
a continuous variable, using restricted cubic splines (29).
Rotational work exposure categories were designated a priori to identify unexposed workers. However,
due to the small number of workers who were unexposed
to rotations over an entire year, the reference category
was modified to include those with <1% rotational
shifts. The remaining exposures were then classified
by decile (eg, 0–<1, 1–10, >10–20, >30%). Historical
rotational work exposure was modeled using restricted
cubic splines (29). Tests for trend were performed for
exposure based on the mean percentage of each night/
rotational work category.
To examine the association between combinations of
night and rotational work on the risk of hypertension, the
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exposure categories were combined using the quadrant
method a-priori into: non-night workers with infrequent
rotations (0% night work and <10% rotations), nonnight workers with frequent-rotations (0% night work
and ≥10% rotations), mostly non-night workers with
infrequent rotations (<50% night work and <10% rotations), mostly non-night workers with frequent rotations
(<50% and ≥10% rotations) mostly night workers with
infrequent rotations (≥50% night work and <10% rotations), and mostly night workers with frequent rotations
(≥50% night work and ≥10% rotations). However, due to
small numbers of non-night workers, the two categories
of non-night workers were combined to non-night workers (0% night work) regardless of rotations.
We did not control for BMI or smoking in the primary analyses since these variables may be on the causal
pathway from night work to hypertension (30–33). In
a sensitivity analysis, we assumed a different causal
structure and treated smoking and BMI as confounders.
Missing values for smoking status (60% missing) and
BMI (30% missing) were imputed using multivariable
imputation by chained equations (MICE) in 60 simulated datasets, equal to the percentage of missing smoking data (28, 34–36).
Several sensitivity analyses were performed to assess
the robustness of the main results. First, we implemented
two alternate classifications of night work: (i) any night
shifts versus none, and (ii) number of months working any night shifts. Second, we explored an alternate
definition of night shifts using the International Agency
for Research on Cancer (IARC) 2007 report: a night
shift is a shift with ≥3 hours between 0:00–05:00 hours
(5). Third, we restricted analysis to workers with ≥150
shifts per year.
All statistical analyses were performed in Stata version 15, 2017 (StataCorp LLC, College Station, TX,
USA). The Institutional Review Board at the University
of California, Berkeley, approved this study (Protocol
ID: 2010-07-1823).

Results
Among the 2151 shift workers, 215 incident cases of
hypertension were observed over 5231 person-years.
Follow-up time ranged from 1 month to almost 10 years,
with a mean of 2.5 years. Table 1 presents baseline characteristics of the cohort and the average percent of recent
night and rotational work for each covariate category.
The cohort was mostly white male with an average age
of 37 years at baseline. The average risk score of 0.49
indicated that, on average, workers were predicted to
have health expenditures below the mean of a nationally
representative population in the coming year (26). The

percentage of recent night work at baseline was higher
among hypertensive cases, women, multi-racial workers
and those with a lower job grade. Percentage of recent
rotational work at baseline was higher among non-cases,
men, and lower job grades.
As seen in figure 1, the eight plants operated on either
a two-shift, three-shift, or a combination of two- and
three-shift system. Plants 1, 2, and 3 all had a two-shift
system, consisting of a morning shift starting around
06:00 hours and a night shift starting around 18:00 hours.
Plants 4, 5, and 6 operated on a three-shift system: a
morning, afternoon, and night shift. While plants 7 and 8
operated on a combination of two- and three-shift systems
that consisted of a morning, early afternoon, evening, and
night shift. There was also some variability in the shift

Table 1. Baseline characteristics of the American Manufacturing Cohort
(AMC), eight plant sub-cohort 2003–2013, USA, at cohort entry (N=2151).
N

Hypertension cases/
Non-cases
Cases
Non-cases
Sex
Male
Female
Race
White (not Hispanic or Latino)
Hispanic or Latino
Black or African American
(not Hispanic or Latino)
American Indian or
Alaska native
Asian/native Hawaiian/
other Pacific Islander
Multi-racial (not Hispanic
or Latino)
Smoking status
Never
Current
Ever
Missing
Body mass index (kg/m2)
Underweight (<18.5)
Normal (18.5–24.9)
Overweight (25.0–29.9)
Obese (≥30.0)
Missing
Job grade by facility
Lower job grade
Upper job grade
Age (years)
<25
≥25–30
≥30–40
≥40–50
≥50
Risk score (health status measure) quartiles
<0.31
≥0.31–0.49
≥0.49–0.78
≥0.78
a

%

Average %
recent night
work a

Average %
recent rotational work a

215
1936

10
90

58.2
32.9

8.6
15.0

1963
193

91
9

32.3
39.8

15.3
12.1

1601
266
233

74.5
12.3
10.8

34.5
27.6
28.2

15.7
12.2
13.3

23

1.1

30.4

16.2

17

0.8

29.4

11.3

11

0.5

45.7

19.0

327
144
364
1316

15
7
17
61

36.4
36.9
28.8
32.7

15.4
17.5
17.6
13.9

6
296
577
626
642

0.3
13.5
26.8
29.6
29.9

43.9
36.1
33.0
33.3
31.0

23.9
17.6
16.2
15.7
11.9

959
1192

44.6
55.4

34.6
28.9

16.2
12.2

358
501
728
398
166

16.6
23.3
33.8
18.5
7.7

30.4
33.2
34.4
32.9
31.2

14.9
16.9
15.8
13.3
10.2

510
571
537
533

510
571
537
533

34.4
33.2
32.6
31.6

15.6
16.6
14.7
13.0

Exposure in prior 1 year to follow-up.
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Figure 1. Distribution of shift
start times by plant location in
the American Manufacturing
Cohort (AMC), eight plant subcohort 2003-2013, USA.

start times, which corresponds to a worker arriving early
or late for a regularly scheduled shift.
There was high variability in night work and rotation
exposure. Figure 2 presents the distribution of recent
night work among those person-months with at least
one night shift. Only 12% of person-months included no
recent night work (ie, non-night work reference group),
and the average percentage of recent night work was
37%. Over their entire recorded work history, 88% of
workers worked at least one night shift.
Figure 3 presents the distribution of recent rotational
work. 94.5% of person-months included at least one
rotation in the previous year. The majority of workers (98.7%) experienced at least one rotation in their
recorded work history and the average percentage of
recent rotational work was 16%. As seen in figure 4,
night work and rotational work were not correlated
(R=0.06). While there were a number of person-months
that had both rotation and night work, there were also
person-months that were uncorrelated such as the permanent night workers who had no rotations, and the
workers who switched frequently from early morning to
afternoon day shifts, but never to night shifts.
Table 2 presents results for HR for hypertension
and each of the two exposures in three different models: a base model, a more fully adjusted model, and a
model that also adjusts for imputed BMI and smoking as a sensitivity analysis. In the base model, the
HR were elevated for recent night work, though the
exposure‒response was non-monotonic, (test for linear
trend P=0.32). In comparison, the exposure-response
relationship for recent rotational work was monotonic
(linear trend test P=0.05). In the adjusted models, work-
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ers with relatively little exposure to night work (those
with >0–5% night work) experienced a doubling in the
risk for hypertension [HR 2.30 (95% confidence interval (CI) 1.06–4.99)] and the risk continued to rise with
increasing night work. Those with more than 95% night
shifts had the highest risk of incident hypertension [HR
3.50 (95% CI 1.21–10.1)]. Recent rotational work was
also associated with a linear trend of increasing incident
hypertension risk in the adjusted models (P=0.01); those
with >30% rotational shifts per month had 3.44 times
the risk (95% CI 1.54–7.69). CI became wider but HR
were similar when imputed BMI and smoking status
were adjusted for.
Table 3 presents HR for combinations of recent night
and rotational shifts and hypertension. Compared to
non-night workers, hazards were increased among workers with any recent night work. Among workers who
were mostly non-night work with infrequent rotations,
the HR for hypertension was 2.18 (95% CI 0.97–4.87)
compared with non-night workers. Workers with mostly
night work and frequent rotational exposure were at the
highest risk [HR 4.00 (95% CI 1.69–9.52)]. When BMI
and smoking status were treated as confounders, HR
were slightly elevated with wider confidence intervals.
In the second sensitivity analysis, we implemented
two alternate classifications of recent night work: (i)
any night shifts versus none and (ii) number of months
working any night shifts. An increased rate of hypertension was seen when night work was defined in either of
these alternate classifications (table 4).
In our third sensitivity analysis, workers with <150
shifts per year were excluded; 2813 person-months were
dropped leaving 2216 subjects and 201 hypertension
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Figure 2. Distribution of person-months with
night work in the previous year; restricted to
months with ≥1 night shift in the previous year,
in the American Manufacturing Cohort, eight
plant sub-cohort 2003–2013, USA

Figure 3. Distribution of person-months with
rotational work in the previous year; restricted
to months with ≥1 rotation in the previous year,
in the American Manufacturing Cohort (AMC),
eight plant sub-cohort 2003–2013, USA
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Figure 4. Scatter plot of average monthly
percentage of night and rotational work in
the first year of follow-up (N=2151), in the
American Manufacturing Cohort (AMC) ,
eight plant sub-cohort 2003-2013, USA.

Table 2. Hazard ratios (HR) for incident hypertension and recent exposure to night and rotational work. All models have age set as the time-scale
and are stratified on sex and location. [BMI=body mass index; CI=confidence interval.]
Exposure metric

Cases
N

Personmonths
HR

Base models a
HR

Adjusted models b

95% CI P-value for
trend

HR

Adjusted models c

95% CI P-value for
trend

HR

95% CI P-value for
trend

Average monthly night shifts in the
previous year (%)
0
26
7127
1.00
0.32
1.00
0.07
1.00
0.08
>0–5
34
7720
2.30
1.09–4.86
2.30
1.06–4.99
2.47
1.12–5.44
>5–50
98
31 336
2.26
1.08–4.71
2.29
1.02–5.20
2.40
1.04–5.55
>50–95
42
13 928
2.56
1.17–5.59
3.28
1.38–7.78
3.21
1.32–7.80
>95–100
15
3905
2.33
0.94–5.80
3.50
1.21–10.1
3.71 1.24–11.09
Average monthly of rotational shifts
in the previous year (%)
0–<1
23
6426
1.00
0.05
1.00
0.01
1.00
0.01
1–10
48
14 346
1.33
0.75–2.34
1.76
0.93–3.33
1.88
0.97–3.67
>10–20
59
16 725
1.42
0.77–2.64
1.70
0.82–3.50
1.76
0.83–3.77
>20–30
61
21 022
1.52
0.85–2.71
2.30
1.11–4.75
2.30
1.09–4.89
>30
24
5497
2.06
1.08–3.96
3.44
1.54–7.69
3.59
1.56–8.23
a Base models are not adjusted for confounders set.
b Adjusted for job grade, race, annual health status, calendar year, and the model respective history of night or rotational work (exposure prior to the previous year).
c As above and additionally controlled for BMI and smoking status in a multiple imputed model (M=60).

Table 3. Hazard ratios (HR) for incident hypertension and combinations of recent exposure to night and rotational work. All models have age set as
the time-scale and are stratified on sex and location. [BMI=body mass index; CI=confidence interval.]
Exposure metric

Cases
N

Personmonths
HR

Base models a
HR

95% CI

Adjusted models b

Adjusted models c

HR

HR

95% CI

95% CI

Categorical combinations of average monthly percentage of night and rotational shifts in previous year d
Non-night work
26
7127
1.00
1.00
1.00
Mostly non-night work & infrequent rotations
37
10 636
2.12
0.98–4.56
2.18
0.97–4.87
2.40
1.06–5.43
Mostly non-night work & frequent rotations
94
28 412
2.35
1.15–4.81
2.39
1.10–5.20
2.56
1.15–5.69
Mostly night work & infrequent rotations
23
6376
2.14
0.90–5.09
2.52
0.97–6.50
2.66
1.01–7.03
Mostly night work & frequent rotations
35
11 465
2.85
1.29–6.27
4.00
1.69–9.52
3.99
1.64–9.68
a Base models are not adjusted for confounders set.
b Adjusted for job grade, race, annual health status, calendar year, and the model respective history of night or rotational work (exposure prior to the previous year).
c As above and additionally controlled for BMI and smoking status in a multiple imputed model (M=60).
d Mostly non-night work is defined as >0% but <50% of shifts in the previous year were night shifts. Mostly night work is defined as ≥50% shifts in the previous year
were night shifts. Infrequent rotations are defined as <10% of shifts in the previous year were rotational shifts. Frequent rotations are defined as ≥10% shifts in the
previous year were rotational shifts.
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Table 4. Hazard ratios (HR) for incident hypertension and exposure to recent night work defined using two alternative definitions. All models have
age set as the time-scale and are stratified on sex and location. [CI=confidence interval.]
Exposure metric

Night shift in the previous year
Non-night work only
Any night shifts
Any night shifts in the previous year (months)
Non-night work only
1–4
5–9
10–11
12
a
b

Cases
N

Person-months
HR

Base models a
HR

95% CI

Adjusted models b
P-value for
trend

26
189

7101
56 700

1.00
2.32

1.15–4.69

26
30
44
43
72

7101
7617
10 173
10 411
28 499

1.00
2.19
2.85
3.24
1.90

1.03–4.68
1.31–6.20
1.49–7.03
0.90–4.01

0.49

HR

95% CI

1.00
2.27

1.08–4.80

1.00
2.12
2.47
2.89
2.10

0.96–4.66
1.08–5.64
1.25–6.68
0.92–4.80

P-value for
trend

0.30

Base models are not adjusted for confounders set.
Adjusted for job grade, race, annual health status, calendar year, and history of night work (exposure prior to the previous year)

cases. The results were approximately the same but the CI
were larger (results not shown). Finally, in the fourth sensitivity analysis, results based on the IARC definition of
night work (a night shift is a shift with ≥3 hours between
00:00–05:00 hours) (5) and the Scandinavian definition
(3 hours between 23:00–06:00 hours) (16, 17) were 98%
concordant and almost identical (results not shown).

Discussion
Our findings support the hypothesis that recent night
and rotational work are associated with an elevated risk
of hypertension. The highest rates of hypertension were
identified for those with 95–100% night work, workers
who would normally be considered "permanent night
workers". This suggests that permanent night workers are experiencing circadian rhythm disruption even
though their work schedules are not rotating. This may
be due to the social "jet-lag" that night workers experience, as they may "rotate" back to a day schedule on
their days off.
Furthermore, we observed elevated HR for all combinations of night and rotational work compared to
non-night workers. In particular, the HR was 4-fold for
workers with mostly night work and frequent rotations
compared with non-night workers. Even those workers
with mostly non-night work and infrequent rotations had
a 2-fold rate of hypertension.
These estimated risks of hypertension are higher than
in previous research. However, we focused on a shorter
and more proximate window of exposure (previous 12
months). Most other studies examined shift work in windows 2–5, 5–10, 10–20, and >20 years prior (4, 37–40).
Other studies do not specify the exposure period at all
(2, 41, 42). If the most biologically relevant window of
exposure for development of hypertension is a year, then

we would expect our study to report higher risks than
others. Additionally, these studies may have estimated
lower risk due to binary definitions of shift work such
as ever/current versus never night work (40, 43–47)
Our study has several limitations. First, our reference
category in the models examining the combinations of
night and rotational work, combined permanent nonnight workers with workers who may rotate between
non-night shifts (ie, morning and afternoon shifts). If
there is increased risk of hypertension associated with
rotating between non-night shifts, we would have underestimated the impact of rotation on hypertension in the
combination model due to the heterogenous reference
group. Second, the rotational work metric identifies a
switch to a different shift schedule but is indifferent to
the severity of a rotation. For example, our metric captures switches from a shift that starts at 15:00 hours to
one that starts at 09:00 hours; however, both shifts are
generally considered day work and switching between
them may have little effect on a worker’s circadian
rhythms. Furthermore, our metric does not distinguish
between forward and backward rotations or the speed/
frequency of rotations which may have differential
adverse effects on the circadian system (7, 48, 49).
Third, hypertension was identified using ICD-9
codes from insurance claims records which reduces, but
does not eliminate, outcome misclassification. Although
we surely missed some cases, Tessier-Sherman et al
(22) examined the validity of claims data in identifying
hypertension cases among the insured employees from
which this study population was derived. They found the
medical service claims to be highly specific (86%) while
the sensitivity was 43% indicating this study population may have under-ascertainment of cases (22). Poor
sensitivity of an outcome will result in statistical power
issues but will not bias the point estimate (50).
Finally, this study may have residual confounding, as
we lacked information on personal lifestyle factors such
Scand J Work Environ Health 2019, vol 45, no 3
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as exercise habits, eating patterns, and chronobiologic
preference (ie, diurnal preference) (51). Additionally, we
were unable to adjust for occupational exposures such
as fine particulate matter or noise, which may bias the
reported HR (18, 52, 53). There may also be residual confounding by underlying health status, whereby healthier
workers may select into or acquire more shift work exposure than more susceptible workers who may avoid night
or rotational shifts (54). In a different cohort of workers,
between 20‒30% of shift workers switch to day work
schedules within 2–3 years and cite health reasons for
switching which suggests that the healthy worker survivor
effect may cause downward bias in estimated associations
with night work (55, 56). While we restricted to workers
hired after the start of follow-up, which avoids a form of
selection bias, the mean age at baseline was 37 years old
and we have no information regarding night or rotational
work at prior employment. Moreover, this population of
light-metal manufacturers may not be generalizable to
other populations as they were part of a highly unionized
workforce with excellent access to healthcare.
Despite these limitations, this study is the first longitudinal study using time-registry data to assess the impact
of both night and rotational work on incident hypertension
risk. This study benefits from longitudinal follow-up and
the objective assessment of working hours which does
not rely on subject recall and represents actual work
time, as opposed to assigned work time. Additionally, this
population of aluminum workers are often employed in
standardized manufacturing work teams that operate 24
hours a day. Therefore, the reference group of non-night
workers are generally performing the same tasks as the
night workers and our reference groups are more directly
comparable than other shift worker populations. The
elevated hazard ratios were robust to multiple sensitivity
analyses.
This research supports the hypothesis that recent
night and rotational work is associated with an elevated
risk of hypertension. Furthermore, this research suggests hypertension risk rises and remains elevated with
increasing exposure to night work compared to nonnight work.

for Disease Control and Prevention, National Institute
of Occupational Safety and Health (R01 OH009939 and
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