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Introduction. The main purposes of this study were to investigate shift-work-related health problems in 
12-h shift schedule and to identify major factors associated with these problems. Materials and methods. 
This cross-sectional study was conducted at 8 petrochemical plants. The study population consisted of 1203 
workers (549 shift and 654 day workers). Data on personal details, the shift schedule and adverse health 
outcomes were collected with a self-administered questionnaire. Results. The results showed that health prob-
lems in shift workers were more prevalent than in day workers; however, the differences were significant 
only in gastrointestinal and musculoskeletal disorders. Logistic regression analysis revealed that in addition 
to shift work, other variables such as extended work time, type of employment, second job and job unit were 
associated with health problems. Conclusions. Working shifts is one important variable influencing the health 
of petrochemical workers. To improve workers’ health, interventional program should focus on the shift  
schedule as well as other significant aspects of working conditions. 
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1. INTRODUCTION

The adverse health effects of working shifts have 
been widely studied and documented in the litera-

ture [1]. They include circadian rhythm disorders, 
gastrointestinal problems, impairment in sleep 
quality and quantity, psychological disorders, 
coronary heart disease, certain cancers, metabolic 
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syndrome, chronic fatigue, disturbance of social 
and family life and performance deterioration [1, 
2, 3, 4, 5, 6].

Continuous industrial processes need a shift 
pattern of 24-h operational cover. The increasing 
demand for provision of 24-h service, together 
with the increasing use of complex and costly 
equipment, may cause diverse problems leading 
to deterioration in health, productivity and safety 
[2]. As a continuous process, in the petrochemical 
industry, shift work has always been common. In 
some Iranian petrochemical plants, particularly 
of the Asalooyeh region (southern part of Iran, 
Bushehr province), extended shift work (12-h) 
has been implemented for years. In these plants, 
shift work typically involves an uninterrupted 
duty period (or tour) of 14 consecutive shifts of 
12 h each followed by 7 days of rest. Tours are 
worked as successive days and nights with a 
midtour roll-over shift. This kind of shift-work 
arrangement is implemented in this area because 
of the numbers of employees that can be accom-
modated in an installation, transportation cost 
reduction, extreme climate, lack of local workers 
as well as required facilities to provide accom-
modation for workers’ families in the area. In this 
shift pattern, long working hours (i.e., 12-h shifts) 
impose extra demands on employees. 

Studies on extended work shifts have reported 
both positive and negative outcomes. The major 
concerns with this type of shift pattern have been 
reported to be increasing fatigue, perfor mance 
decrement, error increment, labor turnover, 
concentration problems and, finally, detrimental 
impact on the health of individuals [7]. In this 
situation, solutions should be sought to combat 
the adverse effects on the workers that have been 
associated with working shifts.

Therefore, since there have been few studies 
on shift-work-related problems in Iranian petro-
chemical industries with 12-h shift schedule, this 
comprehensive study was carried out at eight 
petrochemical plants in the Asalooyeh region 
with the following objectives:

·	 determining the prevalence rate of health 
problems (including gastrointestinal, cardio-
vascular, musculoskeletal and psychological 

disorders) in shift workers compared with their 
day counterparts; 

·	 identifying  major factors associated with 
health problems among Iranian petrochemical 
employees. 

2. MATERIALS AND METHODS

This cross-sectional study was conducted at eight 
petrochemical plants in the Asalooyeh region 
from March 2009 to February 2010, where male 
employees did all operational jobs.

2.1. Subjects 

According to official records, 7185 workers 
were employed in the eight plants studied, 2120 
of them were shift workers. To determine the 
sample size, a pilot study took place in one of 
the plants; 50 petrochemical employees partici-
pated. On the basis of the results of the pilot 
study, with the confidence level of 95% and study 
power of 80%, the sample size was calculated to 
be collectively 1259, including 629 shift and 630 
day workers. From the 629 shift workers, 549 
individuals returned the questionnaire (response 
rate: 87.3%). The response rate for day workers 
was 100%. A limited number of extra question-
naires were completed by day workers in some 
plants (24 subjects) increasing the total number 
of daytime subjects to 654. In all, 1203 male 
subjects completed and returned the question-
naire.

In each plant, samples were randomly selected 
from the corresponding personnel list such that 
workers in important jobs and units (i.e., opera-
tion; engineering; security; health, safety and 
environment, and firefighting; maintenance and 
office work) were included. To have enough 
samples in each job unit, proportional to size 
methodology was applied.

2.2. Data Gathering Tool

An anonymous self-administered questionnaire 
was used to collect the required data from each 
subject. This was developed with the Survey 
Of Shiftworkers questionnaire developed for 
research on shift workers and shown to have 
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satisfactory reliability and validity across various 
occupational samples and cultures [8]. The 
6-page, Persian-language questionnaire consisted 
of 54 questions in the following areas:

·	 individual circumstances (age, job tenure, 
weekly working hours, marital status, type of 
employment, number of children, second job, 
overtime work, education and job unit);

·	 shift schedule details;
·	 health outcomes including gastrointestinal 

disorders (appetite disturbance, constipation/
diarrhea, digestion difficulties, peptic ulcer, 
stomachache and heartburn); cardiovascular 
disorders (hypertension, irregular pulse 
and chest pain); musculoskeletal disorders 
(discomfort/pain in different body regions); 
psychological disorders (loss of concentration, 
dizziness, nervousness, carelessness, repetitive 
errors, irritation, depression, headache, worth-
lessness, inability to overcome difficulties and 
incapability to make decisions), sleep distur-
bances; social and domestic disruption and, 
finally, hypnotic drug use. 

This paper focuses on the health outcomes of 
gastrointestinal, cardiovascular, musculoskeletal 
and psychological disorders. A separate paper 
will present other health outcomes. 

To estimate the reliability of the question-
naire, a pilot study, as previously mentioned, was 
carried out on 50 petrochemical workers. Based 
on the subjects’ oral and written feedback, some 
questions were modified and some were omitted. 
After these modifications, the internal consis-
tency coefficient estimated with Kuder–Rich-
ardson Formula 20 (KR 20) [9] was found to be 
.81, which was assumed appropriate. 

2.3. Data Analysis and Statistical 
Procedures

Statistical analyses were performed with SPSS 
11.5 as follows:

·	 independent sample t test was used to assess 
differences in the means of age, job tenure and 
weekly working hours between shift and day 
workers;

·	 χ2 test was used to investigate differences in 
the prevalence of health outcomes, marital 
status, type of employment, number of chil-
dren, second job, overtime work and education 
between the two groups;

·	 binary logistic regression analysis (forward 
method) was used for each outcome retaining 
the variables in the models to adjust for poten-
tial confounders. In the regression analysis, 
if the p value of univariate analysis for 
assessing association between the variables 
and reported outcomes was ≤.250, the variable 
was included in the binary logistic regression 
analysis [10]. 

The level of significance was set at .05. 
The Shiraz University of Medical Sciences 

ethics committee reviewed and approved the 
study protocol. 

3. RESULTS

Table 1 summarizes the subjects’ personal 
details. The mean age of day workers was signifi-
cantly higher than that of shift workers. The mean 
number of weekly working hours of shift workers 
was significantly higher than that of day workers 
(p = .001). Overtime work was significantly more 
frequent in shift than in day workers (p = .019). 
The level of education was higher in day than in 
shift workers (p = .001). 

Table 2 illustrates the frequency of health 
problems in shift and day workers. Although all 
categorized disorders were more frequent in shift 
workers, only the prevalence rates of gastro-
intestinal (p = .001) and musculoskeletal dis-
orders (p = .002) were significantly higher in shift 
workers than in their day counterparts. 

Table 3 presents significant factors associated 
with gastrointestinal problems in all subjects. 
The significant factors are the result of a binary 
logistic regression analysis performed to adjust 
for potential confounders. Univariate analyses 
revealed that work schedule (shift/day), weekly 
working hours, type of employment, second job, 
overtime work and education had the neces-
sary requirement (p ≤ .250) to be included in 
the regression model. Work schedule, weekly 
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TABLE 1. Individual Data and Demographics of Subjects (n = 1203)

Individual Variables
Shift Workers 

(n = 549)
Day Workers 

(n = 654) p
M ± SD

Age (years) 29.83 ± 5.74 31.20 ± 7.080 .001a

Job tenure (years) 04.63 ± 3.91 04.92 ± 4.470 .237a

Weekly working hours 88.10 ± 7.73 79.44 ± 13.29 .001a

Shift work tenure (years) 03.80 ± 3.65 N/A N/A

n (%)
Marital status

single 196 (35.7) 202 (30.9) .085b

married 353 (64.3) 452 (69.1)
Type of employment 

formal 312 (56.8) 321 (49.1) .008b

contractor 237 (43.2) 333 (50.9)
Number of children
≤3 541 (98.5) 631 (96.5) .028b

>3 008 0(1.5) 023 0(3.5)
Second job

yes 010 0(1.8) 0230 (3.5) .078b

no 539 (98.2) 631 (96.5)
Overtime work

yes 475 (86.5) 533 (81.5) .019b

no 074 (13.5) 121 (18.5)
Education

high school degree 056 (10.2) 117 (17.9) .001b

diploma 281 (51.2) 209 (32.0)
associate’s degree 067 (12.2) 069 (10.6)
B.Sc. and higher 145 (26.4) 259 (39.6)

Job unit
engineering 055 (10.0) 0160 (2.4) N/A
security 090 (16.4) 241 (36.9)
office work 057 (10.4) 0470 (7.2)
HSE and firefighting 218 (39.7) 068 (10.4)
operation 070 (12.8) 124 (19.0)
maintenance 059 (10.7) 158 (24.2)

Notes. a—independent sample t  test, b—χ2 test; N/A—not applicable, B.Sc.—Bachelor of Science, 
HSE—health, safety and environment.

TABLE 2. Frequency of Health Problems in Shift and Day Workers (n = 1203)

Health Problems
Shift Workers (%) 

(n = 549)
Day Workers (%) 

(n = 654) pa

Gastrointestinal 310 (56.5) 283 (43.3) .001
Cardiovascular 092 (16.8) 098 (15.0) .428
Musculoskeletal 294 (53.6) 290 (44.3) .002
Psychological 439 (80.0) 496 (75.8) .095

Notes. a—χ2 analysis of the prevalence of symptoms in the two groups.
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working hours and type of employment were 
identified as the major factors significantly asso-
ciated with reported gastrointestinal symptoms; 
they were retained in the regression model. The 
results of this analysis showed that gastrointes-
tinal disorders were more likely in shift than in 
day workers (OR 1.52, p = .001), in workers with 
>84 than with ≤84 h per week (OR 1.35, p = .017) 
and in contractors than in formal employees 
(OR 1.36, p = .010).

Table 4 lists significant factors associated 
with cardiovascular problems in all subjects. 
Univariate analyses revealed that weekly working 
hours, type of employment and job unit should 
be included in the regression model. Weekly 
working hours and job unit were significantly 
associated with cardiovascular symptoms; they 
were retained in the regression model. The results 
of this analysis showed that cardiovascular dis-
orders were more likely in workers with >84 than 

with ≤84 h per week (OR 1.02, p = .001). They 
were less likely in operation workers than in 
workers of other job units, except for security. 

Table 5 demonstrates significant factors asso-
ciated with musculoskeletal problems in all 
subjects. Univariate analyses revealed that work 
schedule, age, weekly working hours, type of 
employment, second job, education and job 
unit should be included in the regression model. 
Work schedule, type of employment and second 
job were significantly associated with reported 
musculoskeletal symptoms; they were retained 
in the regression model. The results of this anal-
ysis showed that musculoskeletal disorders were 
more likely in shift than in day workers (OR 1.39, 
p = .006), in contractors than in formal employees 
(OR 1.6, p = .001) and in workers with a second 
job than in those with no second job (OR 2.3, 
p = .037).

TABLE 3. Regression Model Indicating Factors With the Strongest Influence on Gastrointestinal 
Disorders in Subjects (n = 1203)

Variables Retained in Model B (SE) OR 95% CI p
Work schedule

day 1.00
shift 0.421 (0.122) 1.52 [1.20, 1.93] .001

Weekly working hours 
≤84 1.00
>84 0.300 (0.126) 1.35 [1.05, 1.73] .017

Type of employment 
formal 1.00
contractor 0.308 (0.119) 1.36 [1.08, 1.72] .010

Notes. OR—odds ratio, CI—confidence interval.

TABLE 4. Regression Model Indicating Factors With the Strongest Influence on Cardiovascular 
Disorders in Subjects (n = 1203)

Variables Retained in Model B (SE) OR 95% CI p
Weekly working hours 
≤84 1.00
>84 0.012 (0.002) 1.02 [1.01, 1.03] .001

Job unit
operation 1.00
engineering 1.076 (0.245) 2.93 [1.82, 4.74] .001
security 0.551 (0.343) 1.74 [0.89, 3.40] .108
office work 0.799 (0.198) 2.22 [1.50, 3.28] .001
HSE and firefighting 0.972 (0.321) 2.64 [1.41, 4.96] .002
maintenance 0.956 (0.252) 2.60 [1.59, 4.26] .001

Notes. OR—odds ratio, CI—confidence interval, HSE—health, safety and environment.
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Table 6 displays significant factors associ-
ated with psychological problems in all subjects. 
Univariate analyses revealed that work schedule, 
age, weekly working hours, type of employ-
ment, second job, education and job unit should 
be included in the regression model. Weekly 
working hours, type of employment and job 
unit were significantly associated with reported 
psychological symptoms; they were retained in 
the regression model. The results of this analysis 
showed that psychological disorders were more 
likely in workers with >84 than with ≤84 h per 
week (OR 1.4, p = .031), in contractors than in 
formal employees (OR 1.65, p = .001) and in 
security and maintenance than in operation.

4. DISCUSSION

Except for age, weekly working hours, type of 
employment, number of children, overtime work 
and level of education, shift workers and their 
day time counterparts had similar socioeconomic 
and demographic characteristics as they were 
from the same petrochemical plants.

Like in other studies [11, 12, 13, 14], the preva-
lence rate of health problems in shift workers in 
this study was higher than in day workers with 
a significant difference in gastrointestinal and 
musculoskeletal symptoms.

The prevalence rate of gastrointestinal symp-
toms in shift workers was significantly higher 
than in day workers. This finding is in agree-
ment with other studies [3, 15, 16, 17]. Univariate 

TABLE 5. Regression Model Indicating Factors With the Strongest Influence on Musculoskeletal 
Disorders in Subjects (n = 1203)

Variables Retained in Model B (SE) OR 95% CI p
Work schedule 

day 1.00
shift 0.33 (0.12) 1.39 [1.10, 1.75] .006

Type of employment 
formal 1.00
contractor 0.47 (0.12) 1.60 [1.27, 2.02] .001

Second job
no 1.00
yes 0.83 (0.40) 2.30 [1.05, 5.03] .037

Notes. OR—odds ratio, CI—confidence interval.

TABLE 6. Regression Model Indicating Factors With the Strongest Influence on Psychological   
Disorders in Subjects (n = 1203)

Variables Retained in Model B (SE) OR 95% CI p
Weekly working hours 
≤84 1.00
>84 0.335 (0.155) 1.40 [1.03, 1.89] .031

Type of employment 
formal 1.00
contractor 0.503 (0.152) 1.65 [1.23, 2.23] .001

Job unit
operation 1.00
engineering 0.035 (0.252) 1.04 [0.63, 1.70] .888
security 0.091 (0.356) 1.10 [0.55, 2.20] .799
office work 0.537 (0.220) 1.71 [1.11, 2.64] .015
HSE and firefighting 0.400 (0.296) 1.49 [0.84, 2.67] .176
maintenance 0.743 (0.240) 2.10 [1.31, 3.37] .002

Notes. OR—odds ratio, CI—confidence interval.
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analyses revealed that this kind of disorder was 
associated with different variables. However, 
logistic regression analysis showed that after 
adjusting for potential confounders, in addition 
to work schedule, weekly working hours (>84 
versus ≤84 h) and type of employment (contrac-
tors versus formal employees) were retained in 
the model and were, therefore, significantly asso-
ciated with reported gastrointestinal symptoms. 
The results of the investigation into working 
hours are in line with some other studies, in which 
long working hours were shown to be associated 
with higher health risks and should, therefore, be 
restricted [11, 18]. Regarding type of employ-
ment, contractors usually have hard physical 
work, a lower salary and less job security than 
formal employees. This indicates contractors’ 
exposure to a high level of job-related stress, 
which has been shown to be associated with 
various health outcomes [19, 20]. 

The prevalence rate of cardiovascular symp-
toms in shift workers was higher than in day 
workers but the difference was not significant. 
In contrast to some other studies indicating an 
association between shift work and cardiovas-
cular disorders [5, 6, 21], the performed analysis 
showed that shift work was not associated with 
the symptoms. This modeling demonstrated that 
long working hours and job unit were indepen-
dent risk factors for cardiovascular symptoms. 
Our findings showed that in operation workers, 
the probability of this disorder was significantly 
lower than in others (except for security). Differ-
ences in the content of the subjects’ job tasks 
could possibly explain this. 

The prevalence rate of musculoskeletal symp-
toms in shift workers was significantly higher 
than in day workers. While there have been 
few studies on the relationship between shift 
work and musculoskeletal disorders, our regres-
sion analysis revealed that after adjusting for 
confounding variables, shift work was a risk 
factor for musculo skeletal symptoms, increasing 
their probability by 40%. Additionally, type of 
employment and second job were also retained 
in the model, increasing their probality by 60 and 
130%, respectively. Although no data are avail-
able on the nature of the workers’ second job, 

one may infer that physical and mental workload 
imposed on the workers by a second job can be 
considered as a risk factor for musculoskel-
etal disorders and a possible explanation for the 
observed association. 

Whereas there is evidence to suggest that shift 
work is associated with an increasing degree 
and frequency of psychological complaints [22, 
23, 24], this study found no significant associa-
tion between shift work and psychological prob-
lems. Regression analysis indicated that weekly 
working hours, type of employment and job unit 
were the only retained factors in the model. Long 
working hours (>84 h) and contractor type of 
employment increased the probability of psycho-
logical disorders by 40 to 65%, respectively. The  
probability of psychological problems was lower 
in operation workers than in office workers and 
maintenance employees (OR 1.71–2.10).

Finally, limitations of this investigation should 
be considered when drawing conclusions. 
Conclusions may be limited by the self-selection 
of subjects and the use of self-reported data; 
this study relied on subjective measures and no 
attempt was made to validate these data against 
objective ones. 

5. CONCLUSION 

The findings of this study collectively indicate 
that shift work is an important variable influ-
encing the health of petrochemical workers. Long 
working hours, type of employment, second job 
and job unit also influenced the occurrence of 
disorders. To improve workers’ health, any inter-
ventional program should, therefore, focus on 
the shift work schedule and on other significant 
aspects of working conditions. 
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