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Abstract

Background: Shift work can be defined as work activity scheduled in which employees work outside standard daytime hours. Some
reports have shown that shift work is associated with several health problems. The main objective of this research was to explore the
effect of shift work on body mass index (BMI) over time among Iranian petroleum industry staff.

Methods: This longitudinal study sample was consisted of 3,686 (1,872 day workers and 1,814 shift workers) petrochemical
industries staff in Mahshahr, southwest of Iran, from 2012 to 2015. The weight and height of these staff were measured using standard
techniques and equipment. Multiple-group latent growth curve modeling was used to determine the effect of shift working on BMI
trajectories over this period of time via Mplus software, version 6.0.

Results: The mean (£SD) age of the shift workers and day workers were 38.96 (+£8.36) and 43.33 (£8.35) years, respectively.
Findings from the modeling approach showed that the slope of BMI in shift workers on average was 0.14 kg/m2 greater than the day
workers in years under study (p<0.001).

Conclusion: The findings of the current study suggest that shift work can be considered as a potential risk indicator for higher
weight gain in petrochemical staff. Hence, health policy-makers should organize health screening programs and periodical checkups to
find high-risk staff and control unhealthy lifestyle factors in these industries.
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Introduction

Obesity has been noted as one of the epidemic public
health problems in many societies (1). It is one of the
leading causes of diet-related death and disability, with
about 2.8 million people dying every year throughout the
world. The relative participation in economic develop-
ment, speedy urbanization, subsequent lifestyle changes,
and also heredity factors can be thought as the main rea-
sons for the growing epidemic of obesity (2).

Generally, according to common definitions for adults,
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a Body Mass Index (BMI) between 25 and 29.99 kg/m?
and a BMI of 30 or higher are considered as overweight
and obese, respectively (3). Being overweight and obese
can lead to adverse metabolic effects on blood pressure,
cholesterol, cancer, triglycerides, and insulin resistance.
Based on a report from the World Health Organization
(WHO) in 2015, there were 2.3 billion overweight and
700 million obese people in the world, and the prevalence
of this health problem is still increasing (4).

1What is “already known” in this topic:

* Some studies have indicated that the prevalence of
overweight and obese people among shift workers is higher
than day workers.

— What this article adds:

* The statistical tool in this article enables us to compare the
baseline levels and trends of BMI in between day and shift
workers.

* In the present study, we found that the shift work schedule
can cause overweight among the petrochemical staff.
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Effect of shift work on body mass index

Nowadays, in many countries particularly industrialized
countries, due to factors such as competing with other
rivals, optimal use of resources and need for higher levels
of production, producers tend to increase the working time
to 24 hours (5, 6). This leads to a need for working outside
normal hours, which is referred to as shift work. In other
words, shift work can be defined as working on a schedule
outside traditional hours, including evening or night, early
morning shifts, and any irregular or rotating schedules (7).
In different industries, shift work schedules are common
in many sectors and they can vary from one workplace to
another (5). Based on previously published literature, shift
work is one of the potential factors which may increase
the risk for development of many deleterious effects on
one’s health such as digestive diseases, heart disease, epi-
lepsy, substance abuse, asthma, occupational accidents,
circadian rhythm disorders, gastrointestinal problems,
psychological disorders, coronary heart disease, certain
cancers, metabolic syndrome, chronic fatigue as well as
disturbance of social, family life, performance deteriora-
tion, and impairment in sleep quality (7-9).

Shift work schedule is common around the world. For
instance, in Asia, it is broadly applied in China, Malaysia,
and Korea. According to a report by US Bureau of Labor
Statistics in 2007, more than 21 million people usually
worked at least partially outside the daytime shift range
(10). In such circumstances, health promotion programs in
the workplace such as enhanced access to opportunities
for physical activity combined with health education can
be a potential avenue for preventing or controlling the
mentioned shift work disorders (11).

Several prior epidemiological studies have explored the
relationship between higher BMI and shift work (11-15).
Nonetheless, the association between shift work and body
weight has not been determined conclusively, and it is still
controversial. A review of previous literature identified
that the prevalence of overweight and obese people among
shift workers is higher than day workers (6, 16, 17). In
contrast, some other studies have indicated an opposite
relationship (18). Regarding this we decided to conduct
the present study on petrochemical staff of Mahshahr city,
southwest of Iran, to assess the relationship between shift
work and BMI in a large sample over time using more
advanced statistical techniques. To do this, we utilized a
longitudinal data based on a four-year period. To model
the effect of shift working on repeated measures of BMI,
we applied a multiple-group latent growth curve method-
ology. This statistical tool enables us to compare the base-
line levels and trends of BMI in different groups under
study (in our study, day workers and shift workers) over a
specific period of time.

Methods

Dataset

In this longitudinal study, the data from 3686 staff of
petrochemical industries in Bandar Mahshahr city (south-
west of Iran) was investigated from 2012 to 2015. Accord-
ing to the periodic (annual) examinations, all of the staff
who referred to the center of occupational medicine for
assessing some anthropometric measures and other im-
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portant outcomes such as blood tests were included in the
study. Therefore, the gathered data was related to all the
participants, and there was no need to sampling.

In this research, the main outcome under study was the
body mass index (BMI) of these subjects during the de-
scribed period of time. To calculate BMI, the weight and
height of each subject were measured annually by stand-
ardized techniques and equipment. The height of each
individual was measured using a safe metal ruler (without
shoes), and the weight was measured in light clothing us-
ing calibrated scales.

As mentioned before, the main aim of this paper was to
determine the effect of shift working on repeated
measures of BMI. To do this, the staff was divided into
two groups; shift work (staff with routine clockwise rota-
tion plan, i.e., four morning shifts, four evening shifts and
four night shifts) and day work (staff with a routine work-
ing time from 8:00 am to 4:00 pm).

Statistical Analysis

The latent growth curve (LGC) method represents a
broad class of statistical methods that involve several ad-
vantages associated with longitudinal data: (a) provides
enhanced statistical power, (b) permits examination of
intra-individual (i.e., change within individuals across
time) change over time as well as interindividual (i.e.,
individual differences in change across time) variability in
intra-individual change (19, 20).

In the present paper, the fitting model for the outcome
variable (BMI) includes two steps. First, an unconditional
LGC model (LGCM) (i.e., without predictors) was fitted
to investigate the overall pattern of change in the reported
outcome. Furthermore, latent growth curve model and the
two latent variables were used to estimate baseline BMI
and its changes over 4 years (intercept and slope). Second,
the shift schedule as a binary predictor variable (1=day
work and 2=shift work) was added to assess the direct
effect on the growth trajectories. This model is referred to
multiple-group LGC modeling to examine growth patterns
in BMI across shift groups. For each of the models, the
factor loadings related to the intercept were all fixed at 1,
while the loadings related to the slope factors are fixed at
values which represent the expected pattern of change
proportional to the time of each measurement occasion.

The general latent growth curve model, for the repeated
outcome measure i (i.e. BMI) of individual i at occasion
t, as a function of two latent variables (1,; and 1,;) can be
described as:

Yei = AotNoi + Aeli + & (D

i=1, 2, ..., 3686; t=2012, 2013, 2014, 2015

Noi = @o + {o; 2
Ny =a+ 4y, 3)

Where Equation 1 is the within subject model, in which
the latent growth factors 1y; and 7,; expressed as func-
tions of latent means (@, and @,) and individual devia-
tions away from those means, respectively and the A;s are
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time scores. Equations 2 and 3 are the between subject
models, where 7, denotes the model estimated overall
mean level of the initial BMI, 1, represents the average
rate of BMI change over time. Moreover, the { residuals,
representing between subject variations in regard to the
BMI growth trajectory, are referred to as random effects.
The residual term &;; in equation 1 is error term at time t,
representing time specific influence of the i individual
(20, 21).

Before stages 1 and 2 for investigating the shape of the
trajectory of BMI over time (linear or nonlinear trends),
we fitted two models in which the slope factors were fixed
as follows: 0,1,2,3 (linear) and 0,1,4,9 (quadratic). For
each model, adequate model fit was concluded if the root
mean square error of approximate (RMSEA) was under
0.05, the comparative fit index (CFI) and the Tucker-
Lewis Index (TLI) were over 0.9, and lower AIC.

In the univariate analysis, the mean age differences be-
tween shift and day workers were evaluated by independ-
ent-sample t-test. All P values (two-sided) less than 0.05
were considered as statistically significant. The data were
analyzed using descriptive methods by SPSS 20.0, and
several models were fitted in Mplus version 6.0.

Results

A total of 3686 petrochemical personnel were included
in this study. Table 1 displays the characteristics of the
sample, separately for day and shift workers. Among these
participants, 1,814 (49.2%) subjects were shift work and
1,872 (50.8%) were day work. The number of males
(3574) and females (112) included in the present research
accounted for about 97.0% and 3.0%, respectively. The
mean (£SD) age of these staff was 41.18 (+8.63) years,
ranged from 24 to 66 years. Likewise, the mean (+SD)
ages of the shift and day workers were 38.96 (+8.35) years
old and 43.33 (£8.35) years old, respectively.

Primarily, for evaluating the shape of the mean trend of
BMI over time, the described fit indices were used. Table
2 shows some of the goodness of fit indices. Comparing
the fit indices revealed that the linear model (CFI>0.99,
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TFI>0.99, RMSEA<0.01) provided better fit to describe
the pattern of change in petrochemical workers than the
model with quadratic growth factors (CFI=0.90,
TFI=0.88, RMSEA=0.21). Consequently, in the first step
of data analysis, a linear LGCM was fitted to the data
from all of the personnel (including shift and day work-
ers).

Table 3 represents the obtained estimates of LGC mod-
el. As shown, the overall mean BMI at the starting point
of the study (intercept in the year 2012) was 26.10
(p<0.001). Also, the overall average rate of change (slope)
in the BMI was 0.26, indicating the BMI of the staff in-
creased significantly on average by 0.26 per year
(p<0.001). The significant variance of the estimated inter-
cept displays that there were between-person differences
in the baseline BMI values of the staff (p<0.001). Also,
the significant variance of the slope indicates that there
was substantial variation in BMI trajectories among par-
ticipants over the study period (p<0.001). In addition, the
significant negative correlation between the intercept and
slope implies that workers with higher initial values of
BMI had a less reduction in BMI over the 4-year period.

In the second stage of the modeling process, a multiple
group LGCM was utilized for comparing the baseline lev-
els (in 2012) and the trend of BMI changes in the day and
shift workers over time. Figure 1 illustrates the path dia-
gram of this model. The parameter estimates of multiple-
group LGCM are provided in Table 4. With respect to the
results of the multi-group LGCM fitting, one can conclude
that the day workers had a slightly higher initial level of
BMI than the shift workers (mean Intercept=26.22 vs.
25.90) and this difference was significant (p<0.001). In
addition, comparing the estimated slopes from this model
tells us that the trend of BMI in the shift workers had a
steeper slope than the day workers (mean slope=0.347 vs.
0.203, p<0.001). In other words, the annual trend of aver-
age BMI in the shift workers was about 0.14 kg/m? higher
than the day workers. The findings also demonstrated that
there were significant intercept factor variances among
day workers and shift workers in BMI (variance of 15.28

Table 1. Demographic characteristics of the staff participated in the study according to shift schedule groups

Variables Shift Schedule Total p-value
Shift Day
Gender <0.001°
Female 10 (8.9)* 102 (91.1) 112 (100.0)
Male 1804 (50.5) 1770 (49.5) 3574 (100.0)
Age (Mean+SD) 38.96+8.35 43.334+8.35 41.18+8.38 <0.001 ¢

Abbreviation: SD, standard deviation; * No. (%), ® Chi-square test; ¢ Independent sample t-test.

Table 2. Summary of the goodness of fit indices to assess best-fitting model and describe the trend of change in petrochemical staff

Alternative Models AlIC CFI TFI RMSEA p-value
Total BMI Linear 103973.150 1.000 1.000 0.000 <0.001
Total BMI quadratic 104802.831 0.903 0.883 0.209 <0.001

Table 3. Parameter estimates from the unconditional latent growth curve modeling analysis of linear change in BMI over follow up

Parameters Path Est. SE p-value
Mean Intercept 26.10 0.09 <0.001
Mean Slope 0.26 0.02 <0.001
Intercept Variance 15.93 1.34 <0.001
Slope Variance 1.27 0.33 <0.001
COV (Intercept, Slope) -0.40 0.06 <0.001

Note: All path estimates shown are unstandardized except for correlations between Intercept and Slope that is standardized.
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Fig. 1. The path diagram of multiple group LGC model for the BMI outcome over a four-year follow-up period

Table 4. The estimated path coefficients of BMI using a multiple-group latent growth curve model in the petrochemical staff across 4 time points

Parameters Path Est. SE p-value
Mean Intercept
Day workers (Group 1) 26.222 0.096 <0.001
Shift workers (Group 2) 25.903 0.124 <0.001
Mean Slope
Day workers (Group 1) 0.203 0.020 <0.001
Shift workers (Group 2) 0.347 0.034 <0.001
Intercept Variance
Day workers (Group 1) 15.284 0.730 <0.001
Shift workers (Group 2) 16.384 2.034 <0.001
Slope Variance
Day workers (Group 1) 0.274 0.104 0.008
Shift workers (Group 2) 1.733 0.476 <0.001
COV (Intercept, Slope)
Day workers (Group 1) -0.328 0.050 <0.001
Shift workers (Group 2) -0.403 0.073 <0.001

Note: All path estimates shown are unstandardized except for correlations between Intercept and Slope (standardized). Also we estimated the model simultaneously for

day and shift workers without constraints on any of the parameters.

with p<0.001 for day workers, and variance of 16.38 with
p<0.001 for shift workers). Likewise, the estimated signif-
icant variances for the slopes show remarkable variability
in the trajectories of BMI values for the day and shift
workers during the period under study (variance of 0.27

| — — & —- Shift workers —=s—— Day workers |

r"'"-—'-

Mean Body Mass Index

254 258 262 266 27 274 278

25

2012 2013 2014 2015
‘Year

Fig. 2. Growth trajectories of BMI across schedule groups among

staff in the period of four years based on estimates of multiple latent

growth modeling parameters.
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with p=0.008 for day workers, and variance of 1.73 with
p<0.001 for shift workers). Moreover, the smaller nega-
tive correlation for the shift workers indicates that the
higher initial levels of BMI in the shift workers was relat-
ed to a greater reduction in BMI over time than the day
workers. Figure 2 displays the trend of estimated mean
BMI, separately in the day and shift workers during years
under study.

Discussion

According to recent investigations, shift workers consti-
tute more than 20% of the whole working population in
industrial countries. Previous epidemiological studies
have led researchers to believe that shift work has
emerged as a serious occupational risk factor for the em-
ployees and meet the operational needs of the organiza-
tions (22). The key question in the current study was
whether shift work is associated with increased risk for
higher BMI among petrochemical staff. To clarify this
issue, multi-group LGC modeling was performed for ex-
amining the sample mean and individual differences in the
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initial levels and trajectories of BMI across shift work
schedules.

Prior to conducting the multi-group LGC model, the
LGCM was fitted to determine the total mean intercept
(i.e., starting point) and mean slope of change in BMI
among all personnel irrespective of working groups. The
findings suggested that the overall mean level of the initial
BMI for all staff was higher than 25 kg/m? (=26.10
kg/m?). Consequently, we concluded that the subjects
were more likely to be at risk for being overweight. Fac-
tors like unhealthy lifestyle, low physical activity because
of the sedentary nature of their work, socio-demographics,
level of education, family income, and some behavior
habits (e.g., smoking status) are causally linked to become
overweight. This result is consistent with a number of
similar published studies suggesting that overweight elicit
a series of diseases, resulting in a public health problem
for staff (23-27). Hence, there is an urgent need to im-
prove awareness and also community-based multiple
strategies to combat the increasing level of BMI across
different industries personnel. Notably, the variance esti-
mates for intercept and slope represented a significant
degree of variability around the overall mean initial BMI
and linear change in BMI over time. This variability im-
plied that there was substantial unobserved heterogeneity
between and within subjects owing to latent individual-
level factors.

In the second stage of the analysis, the baseline and
trend of BMI of staff between the two groups of shift and
day work were compared via multi-group LGC approach.
In this review, the model identified that shift and day
working were significantly positively associated with BMI
at the baseline level and rate of change in BMI over time.
Further, the findings revealed that the larger increase in
BMI at the start of follow-up time (i.e., in 2012) occurred
among the day workers (26.22 vs. 25.90). The reasons for
the higher BMI in 2012 may be attributed to less time for
physical activity, disruption of circadian rhythm, long
working hours, and changes in eating behaviors among the
day workers (5, 10). Moreover, a number of prospective
and cross-sectional studies have noted that female and
male gain weight as they age. Indeed, age as a factor may
lead to increases in adiposity and concurrent reduction in
energy consumption (28, 29). Based on results obtained in
Table 1, the age can account for the differences at the
baseline level of BMI between the day and shift workers,
such that the mean age of the day workers (mean age=
43.33 years) was significantly higher compared with the
mean age of the shift workers (mean age= 39.36 years).
Generally, this paper considers key findings from several
studies. With regards to previous studies, our results are in
agreement with only one report from Suwazono et al. in a
longitudinal study (6) which discovered that the day
workers compared to the shift workers have greater BMI
at the baseline level due to worse habits where the asso-
ciation was significant. In contrast, other pieces of
evidence implicated a greater increase in BMI among shift
workers than day workers and also observed a significant
relationship between BMI and shift working (30-34). For
instance, a longitudinal study by Kazemi et al. had been
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shown that odds of being overweight or obese in shift
workers was about 18 percent higher than the day workers
(35). On the other hand, some cross-sectional studies have
failed to demonstrate statistically significant differences
between BMI and shift work schedule, which were in con-
tradiction with our findings (36, 37).

Further, the present paper also clearly showed that the
annual trend of average BMI in shift workers was com-
paratively 0.14 times greater than that of the day workers
between 2012 and 2015. Accordingly, shift workers are at
greater risk for higher levels of BMI due to some factors
over time. Indeed, this finding could highlight that life-
style characteristics and lack of regular exercise as poten-
tial mediators may relate directly to overweight among the
shift workers (38). Also, working irregular hours in shift
workers could be a leading cause of the increasing level of
BMI. This irregularity has forced the staff to work against
normal asleep and awake cycle and devote all or parts of
night to work and day to rest. Hence, lack of balance in
arrangement of working hours leads to fatigue and re-
duced physical activities. Accordingly, public health pro-
fessionals should consider scheduling in the workplace,
increase social awareness regarding the need for regularity
in daily rhythms, including the sleep-wake cycle, and also
an adequate opportunity for sleep for the shift workers. On
the other hand, in this study, direct adjustment of factors
was impossible, including age that can affect the
association between shift work and BMI as a non-
modifiable risk factor. Age can mediate the effect of shift
work pattern on BMI across the four-time period. Never-
theless, in latent growth model, without adjustment for
age as a confounder, findings was not confounded; be-
cause based on reported of Table 1, the mean age of day
workers was higher than shift workers and considering the
relationship between age and weight, this difference
should be more impact on day workers compared shift
workers. The finding agrees with the report of Di Lorenzo
et al. in a cross-sectional study on the association between
shift work and BMI by multiple regression analysis
among chemical industry workers. They found that BMI
was significantly higher among shift workers independent
of age and history of work covariates (31). However, in
another cross-sectional study by Parkes, the increase in the
level of BMI tended to be greater among the day—shift
workers than among those working day-night shift sched-
ules when modified for age, though the difference was not
significant (39).

Furthermore, in this context, the random effects (vari-
ances of intercept and slope) were statistically significant
for the groups of work schedule separately. The values of
baseline at the start of follow-up time and rates of increase
in BMI over time were not similar across the shift and day
workers. Therefore, in our opinion, it seems possible that
some unobserved genetic or environmental factors are
responsible for individual differences at the initial level
and trajectory of BMI during the years 2012 to 2015.

There are a few longitudinal studies that have estab-
lished the effect of shift work on the increased risk of obe-
sity or weight gain over time. A longitudinal observational
study of 469 nurses showed that weight gain was more
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prevalent among night workers compared to day-time
workers during a five-year period (40) Morikawa et al.
(33) have performed a longitudinal cohort study on 1529
Japanese male blue-collar workers in a sash and zipper
factory over a period of 10 years. They revealed signifi-
cantly elevated levels of BMI using a multiple regression
model among shift workers. Finally, Suwazono and col-
leagues (6) conducted a 14-year follow up study between
1991 and 2005 on day and alternating workers at the time
of their annual health checkups. Using pooled multiple
logistic regression analysis, it was found that working at
alternating shift was associated with a significantly higher
rate of BMI during the study. However, among the men-
tioned longitudinal studies, the only two studies consider-
ing possible confounding factors were those of Morikawa
et al. (33) and Suwazono et al. (6) who acquired signifi-
cant difference in BMI levels between shift workers and
day workers after adjusting for all potential confounders
(e.g., age) in their model.

To the best of our knowledge, this is the first longitudi-
nal study performed in Iran and other countries of the
world for determining the effect of shift work on the trend
of variation in the mean BMI across different groups.
However, we suggest that researchers conduct additional
studies using a multi-group LGC modeling approach to
examine the longitudinal association between various
BMI categories and different types of shift work schedule
among petrochemical staff by adjusting for potential con-
founding factors.

Overall, two main advantages associated with the use of
LGCM over competing methods which adopted approach-
es used to study change among outcome variables, such as
analysis of covariance and multilevel modeling, can be
drawn from this study. First, unlike similar longitudinal
studies, the quality of our research findings was enhanced,
because of using a proper analysis approach regarding the
nature of data collection. Also, the model offers greater
insight about individual differences. Secondly, the hy-
pothesis about the shape of trajectories over time can be
tested by this method. Moreover, the large sample size
was another advantage of this research. On the other hand,
the current study has also had several limitations that
should be noted. First, in this study, the direct age adjust-
ment, history of work, and other covariate variables in the
shift workers were impossible. Second, the lack of exact
information about the reason of increased BMI in shift
workers compared to day workers. Third, we focused only
on the staff in Mahshahr petrochemical company, Iran.
Therefore, our results cannot be generalized to all petro-
chemical staff across Iran. As the last limitation, in this
paper, the proportion of the female workforces was very
low compared with their male counterparts.

Conclusion

In summary, the present paper found that the shift work
schedule can cause overweight among the petrochemical
staff. Accordingly, in order to improve the staff’ health,
educational programs including regular checkups for un-
healthy lifestyle factors (e.g., diet and physical activity),
adjustment the shift work schedule, and other aspects of
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working conditions appear to be vital.
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