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Background

Conclusions

It has been suggested that shift work (SW) is associated with changes in blood pressure (BP).
However, studies have reported contradictory results.

A historical cohort study, involving workers of Esfahan’s Mobarakeh Steel Company, in Iran, was
conducted over 14 years. The association between SW, systolic BP (SBP) and diastolic BP (DBP)
was investigated after adjusting for body mass index, age, work experience, marriage, smoking and
education based on the Bayesian multilevel modelling approach.

The study sample included 5331 male workers. The mean age (standard deviation, SD) was 34.8
(6.6) years and mean work (SD) experience was 9.4 (6.1) years. Among these subjects, 2348 (44%),
340 (6%) and 2643 (50%) were day workers, weekly rotating shift workers and routinely rotating
shift workers, respectively. The mean SBP (SD) and DBP (SD) of these workers were 118.7 (8.1)
and 73.1 (6.7) mmHg, respectively. After controlling for several confounding variables, there was no
significant relationship between SBP and DBP and SW.

No significant association between SW and BP was observed among these three groups (day work-
ers, weekly rotating shift workers and routinely rotating shift workers). Prospective studies, which
control for confounding factors, such as the healthy worker effect, occupational history, family his-
tory and psychological factors (e.g. occupational stress and job satisfaction), are required to evaluate
this further.

Introduction

Shift work (SW) is now common in many economies [1],
with many employees working shifts. SW covers a range of
work schedules and is used to describe working outside the
normal daylight hours of around 07.00 a.m. to 18.00 p.m.,
the time period in which many individuals in society work
a 7-8h shift. Shift workers might work in the evening, in
the middle of the night, overtime or extra-long workdays.
They also might work regular days at one time or another.
Many shift workers ‘rotate’ around the clock, which involves
changing work times from day to evening or day to night.
This might happen at different times of the week or at dif-
ferent times of the month [2]. These irregular work patterns

may produce negative effects on an employee’s health (par-
ticularly in individuals at risk of essential hypertension) and
increase the circadian time structure of blood pressure (BP)
[3]. Studies have reported different and sometimes incon-
sistent results regarding the association of SW and BP, with
an overall tendency to confirm higher BP in shift workers
when compared with day workers [4-7]. Increased BP in
shift workers compared with day workers has also been
reported in Iranian studies [6,8]. On the other hand, other
studies [9-15] have found no significant association between
BP and SW and even reported a reverse association [16,17].

Therefore, considering the importance of BP and its
association with SW, as well as the inconsistency of the avail-
able research in this area, this cohort study was conducted.

Published by Oxford University Press on behalf of the Society of Occupational Medicine 2014.
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Methods

This historical cohort study was conducted at Esfahan’s
Mobarakeh Steel Company (MSC), in the Esfahan
province of Iran. Since all employees at MSC are legally
obliged to undergo a periodic annual physical examina-
tion, the cohort included workers who attended the peri-
odic physical examinations from 1997 to 2011. The BP
of study participants was measured in both arms with
participants in a sitting position after 5 min of rest. A cal-
ibrated mercury sphygmomanometer was used. Other
data recorded included weight, height, age, work ex-
perience, history of disease, marital status and smoking
habits. Study inclusion criteria included being a perma-
nent employee with at least 2 years of work experience.
Retired employees and those who died during the fol-
low-up period were excluded from the study. The study
protocol was approved by the Ethics Committee of the
Medical School of Tarbiat Modares University.

Employees were divided into three groups: those
working routinely rotating shifts, those on weekly rotating
shifts and day workers. The routinely rotating and weekly
rotating shifts were scheduled with a clockwise rotation
plan (two morning shifts, two evening shifts, two night
shifts and two days off and three morning shifts, three
evening shifts and one day off every 2 weeks, Fridays
always off, respectively). The morning, evening and night
shifts began at 07.00, 15.00 and 23.00, respectively. Day
workers worked from 08.00 to 16.00 on weekdays, with
Thursdays and Fridays off.

The association between SW and systolic BP (SBP)
and diastolic BP (DBP) was investigated after adjusting
for body mass index (BMI), age, work experience, as well
as marital status, smoking and educational status, using
the Bayesian multilevel modelling [18] approach with
vague prior distributions (assuming a normal distribution
with mean 0 and variance 100 for the fixed parameters
and postulating a gamma distribution with parameters
a = 0.001 and § = 0.001 for the variance parameters).

Results are based on 100 draws from a Markov Chain
Monte Carlo (MCMC) of length 11000 iterations with a
burn-in of 1000 iterations, to characterize posterior dis-
tributions for the beta parameters. The statistical analysis
was performed using the OpenBUGS version 3.2.2 and
R version 2.13.2 statistical software programs. P values
of <0.05 were considered statistically significant.

Results

During the study period, 6125 workers had a peri-
odic physical examination. Thirteen per cent of workers
[n = 764; those who were not permanent employees with
at least 2 years of work experience (n = 435), those who
retired during study (z = 321) and those who died during
the study period (7 = 8)] were excluded from the study. The
final study group was 5331 male workers of whom 3450
(65%), 606 (11%), 1200 (23%) and 75 (1%) were blue
collar workers, engineers, administrative and management
staff, respectively. Table 1 shows a summary of the different
characteristics of the employees by type-of-job schedule.
Age and work experience were significantly higher in
weekly rotating shift workers compared with day workers
and routinely rotating shift workers, whereas DBP was
significantly lower in weekly rotating shift workers com-
pared with day workers and routinely rotating shift work-
ers. The percentage of married employees and those with
academic education was significantly higher in day work-
ers compared with routinely rotating shift and weekly
rotating shift workers. The mean (£SD) follow-up repe-
titions of the workers was 7.09 (*£1.91), 7.69 (£1.91)
and 6.71 (£1.90), respectively, in routinely rotating shift,
weekly rotating shift and day workers. Table 2 shows the
mean changes of BMI, SBP and DBP of the workers. The
mean BMI change of the weekly rotating shift workers
was significantly lower compared with the day workers
and routinely rotating shift workers. The results obtained
from the Bayesian multilevel modelling approach for eval-
uating the relationship between job schedule type and BP,

Table 1. Comparison of baseline characteristics of workers at their first periodic physical examination

Variables Job schedule type

Routinely rotating shift

Weekly rotating shift Day worker Total (n = 5331) P

workers (n = 2643) workers (n = 340) (n = 2348)

Mean SBP (mmHg) (SD) 118.7 (8.1) 118.5 (7.1) 118.6 (8.2) 118.7 (8.1) NS
Mean DBP (mmHg) (SD) 73 (6.7) 72.1 (6.2) 73.3 (6.7) 73.1 (6.7) &

Mean BMI (kg/m?) (SD) 24.7 (3.3) 24.5 (2.8) 24.9 (3.5) 24.8 (3.4) NS
Mean age (years) (SD) 33.9 (6.4) 36.2 (5.4) 35.6 (6.8) 34.8 (6.6) i
Mean work experience (years) (SD) 9.1 (5.7) 11.1 (4.7) 9.4 (6.6) 9.4 (6.1) kK
Smoking habit (smoker) 7 (%) 434 (16) 56 (16) 270 (11) 791 (14) Aokl
Marital status (married) n (%) 2391 (90) 320 (94) 2219 (94) 4930 (92) B
Education (academic education) 7 (%) 2085 (78) 259 (76) 2196 (93) 4571 (85) Aokl

NS, not significant. Categorical data analysed using chi-square test. Continuous data analysed using analysis of variance.

*P < 0.05; #**P < 0.001.
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Table 2. Comparison of mean changes in BP and BMI in three job schedule types

Variables Job schedule type
Routinely rotating Weekly rotating shift Day worker Total /P
shift workers workers
Mean SBP change per year (mmHg) (SD) -0.61 (2.7) —0.68 (1.9) -0.58 (2.7) —0.60 (2.6) NS
Mean DBP change per year (mmHg) (SD) 0.60 (2) 0.69 (1.6) 0.55 (2) 0.58 (2) NS
Mean BMI change per year (kg/m?) (SD) 0.24 (0.5) 0.17 (0.4) 0.23 (0.5) 0.23 (0.5) g

NS, not significant. Continuous non-normal data analysed using Kruskal-Wallis test.

*P < 0.05.

adjusted for BMI, age, work experience, marriage, smok-
ing and educational status are shown in Table 3. These
results revealed no significant difference in mean SBP
and DBP of categories of job schedule type.

Discussion

This study did not find an association between SW
and BP in employees of MSC. However, this study has
several limitations. Firstly, employee BP was unavail-
able prior to recruitment. Secondly, the findings might
have been influenced by the healthy worker effect,
with healthier individuals usually being recruited as
shift workers. The major strengths of this study were
the large sample size and the long follow-up period
(>7 years, on average). In addition, the accuracy and
reproducibility of the results were ensured by utiliz-
ing a complicated and powerful statistical modelling
approach for data analysis.

A review of the published articles on the relation-
ship between SW and BP reveals conflicting findings.
A number of studies conclude that those working shifts
had a significantly higher BP than day workers. For
instance, Su ez al. [19] found that working on night
shifts elevated the 24h BP. Moreover, Lo ez al. [20]
reported that BP increases during work compared with
leisure time; they also noted that BP decreases dur-
ing rest periods in day work employees but remains
high during the rest period after evening and night
shifts. Also, the findings of a meta-analysis performed
on cross-sectional studies with small sample sizes are
mostly in favour of elevated BP in shift workers com-
pared with day workers [21]. A study conducted in a
Japanese nuclear power plant showed that SW strongly
affects BP [22]. A positive relationship between SW
and BP has also been reported in different cohort stud-
ies, including a 10 year cohort of Japanese steel workers
[4,23], a 5 year retrospective cohort of manual work-
ers [5] and a 14 year historical cohort of steel workers
[7]. On the other hand, other studies report no sig-
nificant association between SW and BP [9-15]. This
lack of association may be attributed to the healthy
worker effect, with healthier individuals usually being

Table 3. Bayesian multilevel regression results for assessing the
effect of job schedule type on BP, adjusted for BMI, age, work
experience, marriage, smoking and educational status

Response Job schedule type Estimate (SD) 2
SBP Weekly rotating shift —0.05 (0.14) NS
Routine rotating shift 0.16 (0.09) NS
Day worker Reference
category
DBP Weekly rotating shift —0.20 (0.29) NS
Routine rotating shift —0.18(0.19) NS
Day worker Reference
category

NS, not significant.

recruited as shift workers, and less healthy workers
being restricted to day work. The findings may also be
due to the implementation of the ‘Stop Hypertension
in Mobarakeh Steel Company’ (SHIMSCO) plan for
controlling hypertension in MSC [24]. SHIMSCO is
a workplace intervention project on controlling hyper-
tension in industrial workers, where employees partici-
pated in an educational program comprising healthy
lifestyle and self-care recommendations for hyperten-
sion management.

In general, the results obtained from the present study
do not support a significant effect of SW on increased
SBP and DBP. To assess the relationship between SW
and BP more accurately, prospective studies adjusted for
confounding factors such as occupational history, fam-
ily history and psychological factors (e.g. occupational
stress and job satisfaction) are required.

Key points

® This is the first historical cohort study to present
data on the relationship between shift work and
blood pressure among Iranian steel workers.

* The findings do not support a significant effect of
shift work on blood pressure.

® The results could contribute to the development of
an evidence base of Iranian steel workers’ health.
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