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Abstract

Background: Several factors affect the emergence of high blood pressure, among which include environmental and occupational
factors. Shift work is currently a commonly used program at workplaces.

Objectives: The purpose of this study was to determine the impact of shift work on blood pressure changes.

Patients and Methods: The data used in this retrospective cohort study was collected using annual observations conducted in the
Diseases Follow-up Unit, Industrial Medicine Unit of the Occupational Health Center of the Mobarakeh Steel company from 2007
to 2010. In this study, the effect of shift work on systolic and diastolic blood pressure changes were analyzed by controlling for the
body mass index (BMI), age, and educational levels using multilevel models.

Results: This study included 5,351 people (45.2% on the day shift, 6% on the weekly rotation shift, and 48.8% on a normal rotation
shift). By controlling the confounding factors, shift work showed a significant relationship with systolic blood pressure (P = 0.01)
but failed to show any significant relationships with diastolic blood pressure (P = 0.08).

Conclusions: According to the results of this study, it seems thatshift work can be considered a risk factor for high blood pressure
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changes. It is recommended that workers who are working inshiftsare more at risk and need more supervision.

1. Background

High blood pressure is a major public health challenge
worldwide. In 2000, about 26.4% of adults had high blood
pressure, and it is predicted-that by 2025 this figure will
reach 29.2% (1). High blood pressure is a risk factor for
many diseases including cardiovascular, vascular, and re-
nal diseases (2, 3). Different factors influence the emer-
gence of high blood pressure including environmental
and occupational factors such as noise, stress, tempera-
ture, exposure to certain substances, and shift work (4). Al-
though working on the night shift is one of the inevitable
consequences of technology and is a part of the 24-hour so-
ciety worldwide, this phenomenon is currently regarded
as an occupational risk factor and a threat to health (5).
Among the factors influencing blood pressure, shift work
can be cited. But, what is shift work? A general defini-
tion of shift work is an unusual working pattern compared
to those who work daytime shifts; this definition includes
types of shifts that involve fixed shift work, rotation shift,
forward rotation shift, and backward rotation shift (6).
Studies performed on the effect of shift work on blood pres-

sure have revealed different results and therefore, a con-
sensus hasnotbeenreachedin this field (7-9). Some studies
suggest that blood pressure among shift workers is higher
than day workers (10-12), and shift work is a risk factor for
high blood pressure attacks (13). In contrast, one study
has suggested that blood pressure among day workers is
higher (14). However, in some studies, no significant rela-
tionships were found between shift work and blood pres-
sure (15-18). A retrospective 24-year cohort study demon-
strated no statistically significant relationship between
shift work and high blood pressure (19). Also, in a study on
493 nurses selected by random sampling from a large hos-
pital, nosignificantrelationship was found between either
day shift work or night shift work and the appearance of
the high blood pressure (20). In a meta-analysis performed
based on temporary studies with a small sample size, the
evidence tends more to increases in blood pressure of shift
workers compared to day workers (21). Suwazono et al. per-
formed a 14-year cohort study between 1991 and 2005 on
day workers and rotational shift workers of a steel factory
to examine the effect of shift work on the blood pressure
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of Japanese men. The results of their study showed that ro-
tational shift work is an independent risk factor for high
blood pressure (12). In a 6-year retrospective longitudinal
study, a significant correlation was revealed between the
risk of high blood pressure and shift work (22). A retro-
spective cohort study conducted by Gholami Fesharaki et
al. from 2007 to 2009 studied the relationship between
shift work and blood pressure and reported no significant
relationship between these two (23).

2. Objectives

Given the contradictions in previous studies, our study
aimed to investigate the relationship between shift work
and blood pressure changes in the Esfahan Mobarakeh
Steel company.

3. Patients and Methods

The data used in this study was collected based on a
cohort study using annual observations conducted in the
diseases follow-up unit, industrial medicine unit of the oc-
cupational health center of the Mobarakeh Steel company
during 2007 to 2010 (Esfahan, Iran). The number of em-
ployees in the Mobarakeh Steel company was 5,351 peo-
ple. Two years of service, official or permanent employ-
ment, and being healthy without any common diseases
during the study were considered as inclusion criteria. Re-
tirement, more than 40% of the medical data missing, and
an unwillingness to participate were considered exclusion
criteria.

Response variables in this study were defined as differ-
ences between systolic blood pressure (SBP) and diastolic
blood pressure (DBP) from their respective baseline values.

Data for this study were modeled using multilevel
modeling, a novel approach to modeling hierarchical and
nested data (24). In our analysis, the workers and the num-
ber of repetitions were considered as levels two and one,
respectively.

The shift work in Mobarakeh Steel company is divided
into three main categories (rotation shift, weekly rotation
shift, and day worker). In rotation shift, workers work two
mornings, two evenings, two nights, and they are off for
two days. In weekly rotation, workers work three mornings
and three evenings and are off every two weeks intermit-
tently they have one day off. Workers in the weekly rotation
are always off on Fridays and day workers work from Satur-
day to Wednesday from morning to afternoon and are off
on Thursdays and Fridays.

The study protocol was approved by the ethical com-
mittee of the medical school of Tarbiat Modares University.

3.1. Statistical Analysis

Data were analyzed by MLwiN version 2.1 and SPSS ver-
sion 17 (SPSS Inc., Chicago, IL, USA). Continuous variables
are presented as the mean =+ standard deviation (SD) and
categorical data are presented as frequencies and percent-
ages. Analyses of variance (ANOVA) or Kruskal-Wallis tests
were used for continuous variables and chi-square tests for
categorical variables (Table 1). In Tables 2 and 3, we used
multilevel modeling. The best model (the model with a
random intercept and random BMI and age slopes) was
chosen with lower Akaike information criterion (AIC). The
efficacy of the multilevel model rather than the regression
model was also studied using an inter class correlation
(ICC). Models with large and significant ICCs have higher
efficacy (24). In this study, probability values of 0.05 or less
(P < 0.05) were considered significant.

4. Results

This study was conducted with a sample size 5,351.
Among the employees, 45.2% worked day shift, 6% were on
the weekly rotation shift, and 48.8% were in the normal ro-
tation shift.

The baseline demographic variables according to shift
workare reported in Table 1. As shown in Table 1, the weekly
rotation shift workers were older, had lower educational
levels, and had higher BMI and SBP levels compared with
the normal rotation and day workers. In Tables 2 and 3, a
summary of the data from the fit of the multilevel model
for SBP and DBP changes is presented. The ICCs for SBP and
DBPwere 0.79 (P< 0.001)and 0.68 (P < 0.001), respectively,
which suggests a higher efficacy of multilevel modeling
rather than a simple linear regression model.

Tables 2 and 3 also show that BMI had a positive rela-
tionship with SBP and DBP with a one-unit increase in BMI
values associated with an average increase of 5.5 and 3.3
units, respectively in SBP and DPB changes.

5. Discussion

High blood pressure is one of the major factors threat-
ening human health, particularly in developing countries,
including Iran, and currently it is one of the most com-
mon chronic diseases (7). Since the disease remains asymp-
tomatic until the onset of complications, it is called the
silent killer. High blood pressure is the most common
chronic disease in the United States and more than 85 mil-
lion Americans are diagnosed with high blood pressure
and are taking blood pressure lowering drugs was com-
posed and it is an important factor for stroke, chronic re-
nal failure, and myocardial infarction if no control is con-
sidered (23). Besides the enormous costs allocated for the
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Table 1. Baseline Mean and Standard Deviation of SBP and DBP According to Shift Work® b

Shift SBP, mmHg DBP, mmHg BMI, kg/m® Age,y Education

L1 L2 3
Normal Rotation 113.44 (11.33) 75.61(8.28) 25.72(3.31) 38.25(12.98) 412 89.03 6.85
Weekly Rotation 113.44 (11.72) 75.46 (8.46) 25.84 (3.22) 27.84(13.02) 4.93 95.06 1.00
Day worker 113.53 (11.85) 75.85 (8.31) 25.81(3.42) 33.91(13.42) 40.10 43.60 1630
P Value 0.01 030 < 0.001 0.2 0.99 0.01 0.20

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; Education, L1, lower diploma or diploma, L2, Associate and BA, L3, MA or Ph.D.; SBP, systolic blood

pressure.
4P values are based on chi square and ANOVA or Kruskal-Wallis tests.
bValues are expressed as Mean = SD or %.

Table 2. Factors Affecting SBP Changes

Parameter Estimation  Standard Error P Value
Intercept 3.326 1.813 0.06
BMI, kg/m’ 0.553 0.062 < 0.001
Age,y -0.053 0.042 0.2
Normal Rotation -1.773 0.705 0.01
Weekly Rotation -0.672 1115 0.54
Day Worker Reference Category
Master or PhD 0.18 2.355 0.99
Associate and BA -1.977 0.846 0.01
Lower Diploma or Reference Category
Diploma
Abbreviation: BMI, body mass index

Table 3. Factors Affecting DBP Changes
Parameter Estimation  Standard Error  PValue
Intercept 1.917 1.298 0.13
BMI, kg/m” 0334 0.046 < 0.001
Age,y -0.038 0.030 0.20
Normal Rotation -0.872 0.514 0.08
Weekly Rotation -0.750 0.812 035
Day Worker Reference Category
Master or Ph.D. 1.289 1754 0.46
Associate and BA -0.401 0.619 0.51
Lower Diploma or Reference Category
Diploma

Abbreviation: BMI, body mass index

treatment of high blood pressure, the risk of cardiovas-
cular disease doubles, heart failure increases four times,
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and strokes increase seven times in people with high blood
pressure. Moreover, the complications from high blood
pressure lead to-a loss of abundant workforce and eco-
nomic costs (24). Shift work is one of the social phenom-
ena that has existed from ancient times and today it ex-
ists because of economic reasons and modern technology.
Shift work patterns in service and manufacturing organi-
zationsvary and cause disharmony in the cycles with a pe-
riod of one day (25). Therefore, due to the importance of
shift work, we studied the effect of working in shifts on al-
terations in blood pressure with a longitudinal study. In
this study, the conventional rotation shift showed signif-
icant differences in systolic blood pressure, while no re-
lationship was detected between diastolic blood pressure
and shift work. Thislack of an association can be attributed
primarily to the fact that healthier people work on shifts
and weaker employees work during the day. Furthermore,
since most day workers work in offices, an important fea-
ture of this type of work is a lack of movement, and thus,
an associated increase in obesity levels. Increased levels of
obesity are a factor associated with increases in blood pres-
sure. However, the effect of increasing obesity becomes
neutral with the work increasing effects in shift work. The
effects of shift work on people mainly depend on the job,
their personality, the social and institutional environment,
and the shift work characteristics (26). Thus, the lack of cor-
relation can be attributed to other reasons, such as diver-
sity of working times, higher incomes, and more leisure
time compared to day workers. Alternatively, in studies
finding a relationship between shift work and increases in
blood pressure, the samples did not have the same work-
ing environments (27). There was also no consistent defi-
nition of shift work in the studies (28) and the type of the
shift rotation was different in various jobs. Finally, con-
founding variables (e.g., lifestyle, physical activity, smok-
ing, etc.) that affect blood pressure were not controlled
equally. Contradicting relationships have been reported
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between blood pressure and shift work in previous stud-
ies. As we mentioned in the introduction, in most studies,
there have been significant relationships between blood
pressure and shift work (29-31), but some studies (32) have
shown no significant relationship between blood pressure
and shift work. The findings of the present study showed
that there was a significant relationship between blood
pressure changes and shift work. A study was done in a nu-
clear energy company in Japan to investigate the relation-
ship between blood pressure and shift workamong 27 rota-
tional shift workers and 26 male day workers, and a strong
correlation was found between systolic blood pressure and
shift work (30). Blumenthal et al. (33) and Tsutsumi et al.
reported similar findings as well (34). Furthermore, no sig-
nificantrelationships were observed between DBP changes
and shifts that this significance and direction is consistent
with the relationship obtained from other studies (4). Con-
sidering the relationships between the variables of this
study and blood pressure, as can be seen in Table 2, BMI and
education had a significant correlation with blood pres-
sure changes. Furthermore, according to Table 3, only BMI
showed a significant correlation with DBP changes.

Limitations of this study include a lack of access to the
general health, management leadership behavior (6), ob-
taining a close family history of hypertension, and an in-
ability to evaluate the amounts of rest and sleep, income,
stress, job satisfaction, and smoking as confounding fac-
tors. Advantages of this study include its longitudinal de-
sign, using multilevel modeling for fitness, and the calcula-
tion of BMI and blood pressure indices by clinical experts.

The effect of shift work on blood pressure changes in
Mobarakeh Steel company personnel was investigated in
the present study. The results of this study showed that
shift work influences the changes in SBP, but no significant
relationship was observed between shift workand DBP. The
main reasons for the lack of observing this relationship
may be due to the probability of healthier shifts workers,
as well as the flexibility of working time, more income, and
more time of weekly shift workers compared to day work-
ers. Moreover, the average BMI was significantly related to
changes in SBP and DBP.
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