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Abstract

Background: Shift work is a well-recognized occupational health hazard in both industrialized and industrially developing countries.
Prolonged working time, day/night shift rotation, circadian rhythm and sleep disorders, family and social problems are the most
important features of shift working, which have serious complications.

Objectives: The present study evaluated the fatigue and psychological distress and their relationship among shift workers, in a
petrochemical plant (Southern Pars gas field) in Southwest Iran.

Materials and Methods: In this cross-sectional field study, 400 shift workers from a plant were involved, with participation rate of 72.5%
(290 persons). The multidimensional fatigue inventory (MFI-20) and general health questionnaire (GHQ-28) were used to evaluate the
level of fatigue and psychological distress, respectively.

Results: The results showed that the fatigue and psychological distress (particularly social dysfunction, anxiety and insomnia) are
frequent among 12-hour shift workers (the total MFI and total GHQ scores were 42.68 +17.88 and 34.66 £18.56). A relatively strong positive
correlation was found between fatigue and psychological distress (r = 0.62). The results of the stepwise regression model indicated that
the psychological distress was significantly related only to general fatigue, mental fatigue and reduced motivation, whereas it was not to
the physical fatigue and reduced activity.

Conclusions: The study findings highlight the importance of the mental aspect of fatigue in this working group. These results have

possible implications for workers” health and well-being and for the design of shift work systems, for industrial workers.
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1. Background

Due to continuous material processing and 24 hours ac-
tivity, shift work is common in many occupations. Conse-
quently, 15-30% of the working population in industrialized
countries is involved in various types of permanent night
and rotating shift work, although this percentage is higher
in developing countries, due to lack of job organization, ir-
regular work hours and night working (1-3). The term ‘shift
working’ refers to a job, which is performed in unusual and
unconventional times, and is one of the factors affecting
workers' health in many workplaces and industries. On the
other hand, shift work is a well-recognized occupational
health hazard in both industrialized and industrially devel-
oping countries (4, 5). Day/night shift rotation is one of the
most important features of shift working, which has seri-
ous complications in terms of circadian rhythm and sleep
disorders(6-8).In addition to several health problems, such
as cardiovascular, gastrointestinal diseases and mental dis-
orders, shift working has been shown to be associated with
fatigue (9, 10). Sleeplessness and exhaustion, caused by fa-
tigue during shift working, can lead to decreased alertness

and performance and to increased failure or incident rates,
and this may have serious constraints for workers, their
families and the society (11-13).

Fatigue, as a common symptom, can be defined as a men-
tal sense of weakness, energy defect and burn out, which
disrupts any physical and cognitive activity (13-15). Fatigue is
also one of the most important symptoms of distress, which
is a common experience, caused by insufficient rest or sleep,
heavy physical or mental activity and lack of motivation to
begin any activity (16). Evidence suggests that fatigue is a
frequent complaint among different working groups (17,18).
The findings from a study, conducted among the working
population of 15 European countries, indicated that 5-56% of
workers experienced fatigue (18). This is important, because
the link between fatigue and accidents, in different occupa-
tional groups, has been well established (13).

Psychological distress is another important issue,
which should be considered in shift work related studies.
Several previous studies have evaluated fatigue and psy-
chological distress, among shift workers (19-21). In a study
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among industrial workers, fatigue was conceptualized as
a decrease in energy and motivation, which was more
likely to be experienced by night shift workers, compared
to those working in other shifts (21). The authors noted
thatlongerreaction times were associated with increased
ratings of mental aspects of fatigue. Studies conducted
among other working groups, such as anesthesiologists,
have also reported a significant relationship between
fatigue and psychological distress (17, 22). There are also
studies, which reported no relationship between psycho-
logical distress and shift working (19, 20), and, therefore,
this is an area that needs further investigation.

Petrochemical industries are one of the well-known and
economicallyimportant continuous work areas, in which
shift working is unavoidable. It is, therefore, necessary to
evaluate the adverse health effects of shift working, on
workers in these industries. A review of the literature
shows that there are limited studies conducted among
industrial shift workers, about the relationship between
fatigue and psychological distress, particularly in petro-
chemical industries. Moreover, very little is known about
the prevalence of fatigue and psychological distress of 12-
hour shift workers, in this industry. A systematic review
study showed the fatigue and safety, as the main concerns
of 12-hour shift working (23). Several case studies, in the
petrochemical industry, in North America, investigated
the health problems among shift workers (24).

2. Objectives

In an attempt to address this issue, the present study
was conducted to evaluate the prevalence of fatigue and
psychological distress and their relationship in 12-hour
rotating shift workers, in a petrochemical plant.

3. Materials and Methods

3.1. Study Design and Setting

This cross-sectional field study was conducted between
September and December 2013, in a governmental pet-
rochemical plant (Southern Pars gas field), in Southwest
Iran. Due to the relatively hot and humid climate, there
is a special working condition in this region. The research
sites included operational, maintenance, engineering, se-
curity and health, safety and environment (HSE) depart-
ments, as well as administrative offices. A questionnaire
was administered to collect data about fatigue and status
of psychological distress. The company, as a non-referral
field, had approximately 400 rotating male shift workers,
at the time of study, and all of these workers were asked to
participate in the study. The shift work used here refers to
a job, which is performed in unusual and unconventional
times. The work schedule time duration was from 7.00 am
t019.00 pm and from 19.00 pm to 7.00 am, and the shift
schedule followed a 7 days-7 nights - seven rests pattern, in
a forward rotating program. The ethical review committee

of the Tabriz University of Medical Sciences, Tabriz, Iran, re-
viewed and approved the study protocol.

3.2. Participants

All the 400 male shift workers of the petrochemical plant
were included in this study, as a census method. Work expe-
rience of less than one year and, also, having physical dis-
abilities or mental diseases were defined as the exclusion
criteria. No worker was found to correspond with these cri-
teria. Of the 400 subjects, 290 declared their agreement, by
completing the questionnaires. This represented a response
rate of 72.5%. All workers were familiarised with the study
procedure and any questions were answered, by the inves-
tigator. The participation was strictly on a voluntary basis
and the workers were under no obligation to complete the
study. A written informed consent form was signed by each
shift-worker, before participation in the study.

3.3. Data Collection

A questionnaire, consisting of three sections, including
demographic characteristics, multidimensional fatigue and
psychological distress status, was used for data collection.
Demographic details included: age, weight, height, educa-
tional level, marital status, shift work tenure and job title.
The whole questionnaire took about 20 minutes to complete.

The multidimensional fatigue inventory (MFI-20) (25) was
used to evaluate the fatigue, in this study. The MFI-20 is a re-
liable and validated tool, which is widely used for evaluat-
ing fatigue in both patients and healthy individuals (26-28).
The MFI-20 is a 20 item self-report assessment tool, which as-
sesses five dimensions of fatigue, including general fatigue,
physical fatigue, reduced motivation, mental fatigue and
reduced activity. Each dimension consists of four items: two
indicative for fatigue, where a high score indicates a high
fatigue level, and two contraindicative, where a high score
indicates low fatigue level. The respondents to the MFI-20
are asked to specify the extent to which the particular state-
ments relate to them, on a 5-point scale. The total possible
score, for each subscale, ranges from 4 to 20, with higher
scores indicating a higher level of fatigue. The English ver-
sion of MFI-20 has been translated and revised into the Per-
sian language (Farsi) and has an established validity and
reliability (29). This revised version was used in this study.

The 28 item general health questionnaire (GHQ-28) is gen-
erally used as a self-report assessment tool, to evaluate the
status of psychological distress (30), and is a well-tried and
tested technique (31). The brevity, intelligibility, and psycho-
metric properties of the GHQ-28 are the mostimportant rea-
sons for using this tool (31). The GHQ-28 has four subscales:
somatic symptoms (questions 1 to 7), anxiety and insomnia
(questions 8 to 14), social dysfunction (questions 15 to 21)
and severe depression (questions 22 to 28). Each item is ac-
companied by four possible responses, ranging from “never
true” to “always true”, and scoring from 0 to 3. The total pos-
sible score for each subscale ranges from 0 to 21, and for the
GHQ-28 ranges from 0 to 84, with higher scores indicating
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more severe mental problems (30). The Persian version of
GHQ-28, which has an established validity and reliability
(32), was used in this study. Moreover, a cut-off point of 27.38
was used for the GHQ-28 (e.g. those scoring 27.38 or above
were designated as poor psychological distress) in this
study, which was based on the Noorbala et al.’s study (32).

3.4. Statistical Analysis

Analysis of the data was performed, using SPSS version
11.5 (SPSS Inc., Chicago, IL, USA). To compare the two ques-
tionnaires (e.g. GHQ-28 and MFI-20), the range of all scores
obtained form both questionnaires were transformed into
0-100 domain. Therefore, the cut-off point of GHQ-28 was
changed from 23 to 27.38, in the modified domain. The in-
ternal consistency of questionnaires was evaluated using
Cronbach’s alpha. Normality was tested using QQ plots and
all discriptive values were expressed as Mean + SD. Stepwise
regression analysis was performed, to evaluate the rela-
tionship between the fatigue and psychological distress
status. The R square and Pearson’s correlation coefficients
were also calculated, for these variables. In addition, Error-
bar was used to show the relationship between the mean
scores. AP < 0.05 was considered statistically significant.

4.Results

4.1. Demographic Data

The mean age and shift work experience of the partici-
pants were 31.5 (range = 21 - 59; SD = 5.11) years and 5.83
(range =1- 28; SD = 2.89) years, respectively. Most of the
participants were married (77.2%) and their educational
level ranged from primary school (4.1%) to master’s de-
gree (4.4%). Overall, in this study, a relatively weak impact
of demographic characteristics was found on fatigue and
psychological distress.

4.2. Fatigue

As shown in Table 1, the total fatigue score of the MFI-20, for
the study population, was 42.68 (range = 0 - 100; SD =17.88).
The general fatigue (Mean = 69.40; SD = 18.22) and reduced
motivation (Mean =30.90; SD =18.73) were the subscales with
the highest and lowest mean scores, respectively. The Pear-
son’s correlation test showed a moderate positive correlation
between the MFI-20 subscales, with r values ranging from
0.41 to 0.67 (as shown in Table 2). The general fatigue and
mental fatigue subscales had a strong positive correlation (r
=0.67), while there was a weak positive correlation (r = 0.41),
between the general fatigue and reduced activity subscales.
The correlation coefficients for the total MFI and its subscales
ranged from 0.71 to 0.86. The Cronbach’s a for the MFI sub-
scales were, as follows: general fatigue (0.72), physical fatigue
(0.68), reduced activity (0.70), reduced motivation (0.52) and
mental fatigue (0.77). The Cronbach’s o for the total MFI was
0.89. These values suggest good internal consistency for the
scale, as awhole, and for the subscales, individually.
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4.3. Psychological distress

The scores of the GHQ and its subscales are presented in
Table 3. The proportions in this sample above the cut-point
were: total (59.7%), social dysfunction (86.2%), anxiety and
insomnia (71.7%), somatic symptoms (57.9%) and severe
depression (26.2%). The total mean GHQ score was 34.66
(range = 0 - 100; SD = 18.56). The mean scores of the GHQ
subscales were: social dysfunction, 43.0 (SD = 18.05); anxi-
ety and insomnia, 42.17 (SD = 24.52); somatic symptoms,
35.25 (SD =21.80); and severe depression, 18.19 (SD =20.44).
Amoderate to high positive correlation was found between
the GHQ subscales, with r values, ranging from 0.61to 0.80
(as shown in Table 4). A strong correlation was also found
between the total GHQ and its subscales (Pearson’s coef-
ficients, ranging from 0.82 to 0.92). Cronbach’s « for the
GHQ subscales were as follows: somatic symptoms (0.88),
anxiety and insomnia (0.93), social dysfunction (0.86), se-
vere depression (0.89). The Cronbach’s o for the total GHQ
was 0.95. These values indicate good internal consistency
for the scale, as a whole, and for the individual subscales.

4.4. Relationship Between Fatigue and Psychologi-
cal Distress

The results of stepwise regression analysis, which evalu-
ated the relationship between psychological distress
(GHQ total score) and fatigue (MFI subscales scores), in-
dicated that only general fatigue, mental fatigue and re-
duced motivation remained in the model (P < 0.05) (as
shown in Table 5). Therefore, the model was as follows:

GHO =-3.59+0.351 (General fatiguc)
+0.177 (Mental fatigue) +0.263 (Reduced motivation)

In addition, to diagnose the relationship between the
GHQ and MFJ, a linear regression test was performed with
R square = 0.626 and Adjusted R square = 0.390, which
means that, per each unit score of MFI, 0.651 is added to
the GHQ score. Therefore, the final model was as follows:
GHQ = 6.89 + 0.651 (MFI). The results of Pearson’s correla-
tion test between the GHQ and MFI subscales, presented
in Table 2, indicated that the most positive correlations
were found between the total GHQ with general fatigue
(r=o0.61) and mental fatigue (r = 0.59), while a weak posi-
tive correlation was found for reduced activity (r = 0.30).

Finally, the Pearson’s correlation test showed a relatively
high positive correlation, between the total GHQ and MFI
(r=0.62) (Table 2). The scores of GHQ subscales were signifi-
cantly higher for workers with moderate to high level of to-
tal fatigue (3 - 5 on the 5-point scale) than those with a low
level of total fatigue (1- 2 on the 5-point scale) (Figure 1). Simi-
larly, the scores of the MFI subscales were significantly high-
er in those workers with the total GHQ score >27.38 than in
those with a lower score (total GHQ score <27.38) (Figure 2).
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Table 1. Scores of the Multidimensional Fatigue Inventory Questionnaire?

MFI scale Mean + SD Min - Max
General fatigue 69.40 +18.22 0-100
Reduced activity 35.26 +21.63 0-100
Physical fatigue 42.41+23.84 0-100
Reduced motivation 30.90+18.73 0-100
Mental fatigue 43.06+24.35 0-100
Total MFI 42.68 £17.88 0-100

4Abbreviations: MFI, multidimensional fatigue inventory; SD, standard deviation.

Table 2. Pearson’s Correlation Coefficients Between the Subscales and the Total Scores of the Multidimensional Fatigue Inventory
and General Health Questionnaire?

Subscale General Fatigue  Physical Fatigue Reduced Activity Reduced Motivation Mental Fatigue Total MFI
General fatigue - - - - - -
Physical fatigue 0.59 - - - - -
Reduced activity 0.41 0.49 - - - -
Reduced motivation 0.53 0.61 0.47 > = °
Mental fatigue 0.67 0.62 0.49 0.62 - -
Total MFI 0.81 0.83 0.71 0.79 0.86 =
Total GHQ 0.61 0.46 030 0.53 0.59 0.62

dAbbreviations: GHQ, general health questionnaire; MFI, multidimensional fatigue inventory.

Table 3. Scores on the General Health Questionnaire?

GHQ scale Mean + SD Min - Max 0-27.38P 2738-100P
Somatic symptoms 35.25+21.80 0-100 122 (42.1) 168 (57.9)
Anxiety and insomnia 42.17 £24.52 0-100 82(28.3) 208 (71.7)
Social dysfunction 43.00£18.05 0-100 40 (13.8) 250 (86.2)
Severe depression 18.19 £20.44 0-100 214 (73.8) 76(26.2)
Total GHQ 34.66 £18.56 0-100 117 (40.3) 173 (59.7)

dAbrreviation: GHQ, general health questionnaire.
Values are reported as No. (%).

Table 4. Pearson’s Correlation Coefficients of the Subscales of General Health Questionnaire (n = 290)‘*’b

GHQ Scale Somatic Symptoms  Anxiety and Insomnia  Social Dysfunction Severe Depression
Somatic symptoms - - - -

Anxiety and insomnia 0.80 - - -

Social dysfunction 0.62 0.68 - -

Severe depression 0.64 0.69 0.61 =

Total GHQ 0.88 0.92 0.82 0.84

A evels of significance: r = 0.1, 0.13, 0.17 corresponds for P = 0.05, 0.01, 0.001, respectively.
Abbreviations: GHQ, general health questionnaire.

Table 5. Regression Relationship Between Psychological Distress (General Health Questionnaire Total Score) and Fatigue (Multidi-
mensional Fatigue Inventory Subscales Scores)?

Variable Beta + SE Standard Beta PValue
General fatigue 0.351+0.061 0.344 0.000
Mental fatigue 0.177£0.050 0.232 0.000
Reduced motivation 0.263+0.057 0.205 0.000
Constant -3.59+£3.29 = 0.278

4R square = 0.676, adjusted R square = 0.451.
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Figure 1. Relationship between the total fatigue score of the multidimen-
sional fatigue inventory and general health questionnaire subscales scores.

Figure 2. relationship between the total general health questionnaire
score and multidimensional fatigue inventory subscales scores.

5. Discussion

The findings of the present study provide an insight
into the fatigue and psychological distress and their re-
lationship among petrochemical workers, involved in ro-
tating 12-hour shift work schedules. The results confirm
that the fatigue (particularly general fatigue) and poor
psychological distress (especially social dysfunction and
anxiety and insomnia) are frequent among 12-hour shift
workers, which might reflect the working condition, na-
ture of work and workload of this working group. These
findings suggest that 12-hour shift schedules should be
appropriately managed to ensure that the health and
safety so that the employees would not be compromised.
As a corollary of this study, a relatively weak impact of
demographic characteristics was found on fatigue and
psychological distress (33).

One of the main findings of the study was that the total
mean GHQ score was relatively high, indicating distress
among the study population. It was also shown that the
total mean GHQ score was above the cut-point, for more
than half of the study population, which highlights the
high prevalence of poor psychological distress, in this
group. Interestingly, the scores of the GHQ subscales in-
dicated that social dysfunction, anxiety and insomnia
were more problematic than somatic symptoms and
depression among 12-hour shift workers. Although there
is limited research to compare this result with, there is
a certain amount of indirect evidence that this may be
the case for shift workers in other industrial settings. In
a study among machine operator shift workers, it was
found that work/non-work conflict was positively related
to psychological health (34), and not to physical health.
Other studies have also shown a positive association be-
tween poor sleep and shift work (4, 35). This can possibly
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be explained by prolonged working hours, high work-
load and insufficient off the job social interactions, of
this working group. This is, also, in part consistent with
the findings of a previous study, among general working
population (36). The proportion of the sample with the
total GHQ and social dysfunction scores above the cut-
point in this study is also much higher than those report-
ed among the Iranian general population (37).

The results also provide further evidence that fatigue is
a frequent complaint among shift workers, which is in
line with findings from previous research (4). The scores
of the MFI subscales indicated that the general fatigue is
more problematic than other dimensions of fatigue, in
these workers. The mean score for subscale measuring
general fatigue among the study participants was rela-
tively high. This was followed by the mean scores of men-
tal fatigue and physical fatigue subscales, respectively.
It is also interesting to note that the mean score for the
reduced motivation subscale was very low, among the
respondents. Although there is no other similar study
reported in the literature, with which to compare the re-
sults, these findings are not consistent with previous re-
ports among general population, in other communities
(28, 38, 39). For example, the mean score of 69.4 for gen-
eral fatigue subscale, in our study, is much higher than
those reported among the American (27.6), Danish (28.0)
and Colombian (30.0) population, which highlights the
working condition of 12-hour industrial shift workers,
compared to general population. On the other hand, the
mean scores of all fatigue subscales in our study popu-
lation are much lower than those reported for patient
groups (40). These findings provide additional evidence
that, in addition to the tools and methods used in differ-
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ent studies, several factors, such as sample community,
cultural status and racial-ethnic differences can also af-
fect the various aspects of fatigue, and, therefore, this
canresults in the contradictory findings.

As shown in this study, there was a relatively high posi-
tive correlation between fatigue and psychological dis-
tress, so that those participants, with poor mental health
condition, experienced a higher level of fatigue. This is
in agreement with the findings of Pawlikowska et al. (17),
who found a fairly positive correlation between fatigue
and psychological distress among British general popu-
lation. According to the stepwise regression model, the
psychological distress was only significantly related to
general fatigue, mental fatigue and reduced motivation,
while it did not relate to the physical fatigue and reduced
activity. This is of particular interest, since it highlights the
importance of mental aspect of fatigue (rather than physi-
cal aspect), in this working population. This can possibly
be attributed to the arrangement of shift work schedules,
in the study region. Additionally, the poor psychological
distress condition, in those in the group with moderate
to high level of total fatigue (Figure 1), and a high level of
fatigue, in those in the group with the total GHQ score >
27.38 (Figure 2), indicated a two-way relationship between
the fatigue and psychological distress condition of this
sample. These findings may have significant implications
for shift workers’ health and well-being and for the design
of shift work systems, in industrial settings.

In this study, the rate of fatigue and psychological dis-
tress and their relationship were investigated in a pet-
rochemical plant, with 12-hour shift system. Therefore,
it was not the purpose of this study to investigate the
causal effect of 12-hour shift on fatigue or psychologi-
cal distress, because it can be influenced by various fac-
tors. In order to control the confounding factors, such as
chemical, physical and other ergonomic risk factors, an-
other study was designed and implemented in a second
petrochemical plant, with 8-hour shift, which have rela-
tively same chemical, physical and ergonomic exposure
pattern. The findings of the current study (12-hour) will
be discussed compared with 8-hour shift work study, as
another article.

This study has limitations that need to be taken into
account, when considering the implications of the find-
ings. The present study was cross-sectional in design,
and, therefore, no causal inferences can be drawn. The
study was conducted in a workplace with special envi-
ronmental conditions (e.g. relatively high temperature
and humidity), and, therefore, further research in other
settings is required to have a better understanding and
knowledge in this regard. Due to limited access to vari-
ous petrochemical plants, with different shift rotating
systems, the relationship between shift rotating system
and workers health status was not considered in the cur-
rent study design. Lastly, as the MFI-20 has not been used
for evaluation of fatigue, among industrial workers, it
was difficult to compare the results with other studies.

However, the findings of this study confirm that MFI-20
is an instrument, on which the researchers can rely on,
to assess fatigue in industrial workers. It is therefore rec-
ommended that MFI-20, which has been mainly used for
non-industrial populations so far, can be used in other
industrial and occupational groups.

Taken together, the results of the present study suggest
that the prevalence of fatigue and poor psychological dis-
tress are relatively high among the workers, with 12-hour
shift system. The relatively high mean GHQ score, par-
ticularly in the form of social dysfunction, anxiety and
insomnia, indicates distress among this working group.
The results also highlight that the mental aspect of fa-
tigue is more problematic than the physical aspect, in
this working group. These findings emphasize the need
for ergonomic interventions for improving the working
conditions of 12-hour industrial shift workers. The results
also indicated that there is a relatively strong positive
correlation between fatigue and psychological distress
status of the study population, which may have possible
implications for industrial workers’ health and well-be-
ing, and for the design of shift-work systems.
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