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Obesity is associated with several chronic diseases, and previous research suggests that shift work could be associated
with the risk of overweight and obesity, but the results remain inconclusive. Furthermore, only a few studies report related
findings for industrial workforce with high job-related stress. The aim of this cross-sectional study was to see if such
association exists in a large sample of 3063 industrial workers in a developing country. The sample was selected among
16,000 steel company workers through multistage cluster sampling. We took anthropometric measurements, including
body mass index (BMI), waist circumference (WC), and waist-to-hip ratio (WHR). Information about potential confounders
was collected with a self-administered questionnaire. The association between shift work and both general and abdominal
obesity was established with multinomial and binary logistic regression analysis. The study sample consisted of 1683
(54.9 %) rotational shift workers and 1380 (45.1 %) day workers. Shift work was significantly associated with higher
risk of overweight after adjusting for the impacts of potential confounders (OR=1.2; 95 % CI:1.04—1.4) but not with
abdominal obesity. This study established that shift work was an independent risk factor for overweight in industrial shift

workers. Modification of working schedules is recommended, particularly for prolonged, continuous shift work.

KEY WORDS: abdominal obesity; BMI; general obesity; waist circumference; waist-to-hip ratio

In recent years, shift work has increased in industrialised
nations, accounting for more than 20 % of the entire working
population (1, 2). In Europe and North America it is
estimated to account for 15 % of the workforce (3).

Shift work is associated with several health problems
resulting from disturbed circadian rhythm. They include
obesity, gastrointestinal disorders, several types of cancer,
cardiovascular disease, psychological disorders (e.g.,
depression, insomnia), diabetes, and work accidents (4, 5).
Obesity and overweight, in turn, are associated with many
chronic diseases, including the cardiovascular disease,
cerebrovascular disease, type 2 diabetes mellitus,
hypertension, and cerebral infarction (5, 6). The World
Health Organization (WHO) has estimated that about 1.9
billion of the world population were overweight and over
650 million obese in 2016 (7).

The worldwide prevalence of overweight and obesity
combined rose 27.5 % in adults and 47.1 % in children
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between 1980 and 2013. In about the same time, this
prevalence increased 49.4 % in men and 63.3 % in women
in Iran (8).

Previous studies suggest that obesity and overweight
are more prevalent in shift workers than day workers (9,
10) and have established an association between the two
(11-13). However, some of them have taken into account
only body mass index (BMI) as a measure of general obesity
instead of looking at the distribution of fat and distinguishing
between overweight due to muscle or fat tissue mass (14).
Abdominal fat is known to affect organs like the heart,
kidneys, and liver more adversely than fat around the hips
and bottom (15).

The association between shift work and obesity in
Iranian working population has been investigated poorly,
especially in industrial workers at high risk of job-related
stress (16, 17). The aim of this epidemiological study was
therefore to address this gap in knowledge on a large sample
of Iranian steel industry workers, taking into account
possible confounding factors and distinguishing between
general obesity/overweight (BMI) and abdominal adiposity
(waist circumference and waist-to-hip ratio).
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PARTICIPANTS AND METHODS

Study design and sample

This cross-sectional study was conducted among full
employees and contractual workers of the Esfahan Steel
Company (workforce of 16,000). The sample size was
determined based on an epidemiological survey of chronic
diseases in manufacturing employees by Roohafza et al.
(ESCOME) (18) carried out to estimate the prevalence of
psychological disorders (depression and anxiety) among
the workforce. The sample size was estimated to be 3500
by considering 0.1 (19, 20), 0.05, and 0.01 as prevalence
of psychological disorders, type one error rate, and sampling
error rate, respectively.

Three thousand and sixty-three volunteers returned
complete questionnaires (response rate: 0.87) and were
included in statistical analysis. The inclusion criterion was
work experience for at least one year and willing and
agreeing to participate in the study. Volunteers who did not
answer more than 10 % of the questionnaire were excluded
from analysis.

We applied multi-stage cluster sampling, in which
clusters were the main seven departments and their sections,
stratified by job categories. Sample sizes in the clusters and
strata were proportional to the size of respective departments.
Due to a low number of women workers (n=800), we relied
on convenience sampling to recruit women volunteers
(n=260).

Demographic data were gathered through self-
administered questionnaires at the company premises with
the help of study coordinators, who also monitored
questionnaire administration over the six months of data
gathering. The data were quality checked for inclusion and
exclusion criteria as they were entered in the computer for
statistical analysis. The study design and its implementation
has been presented elsewhere in more detail (18).

All participants were informed about the study protocol
and signed informed consent. Medical research ethics
committee of the Isfahan University of Medical Sciences
approved the study protocol (research project No.196222).

Determining participants who worked in shifis

Participants were considered as shift workers if they
answered “yes” to the question “Do you currently work in
shifts?” The company rotates its shifts in a fixed pattern:
morning shift, followed by an afternoon shift, and then a
night shift, which is then repeated.

Assessment of body mass index and abdominal obesity

Anthropometric indices were measured by trained
medical staff according to the World Health Organization
(WHO) criteria (21) following standard protocols. At height
and weight measurements, the participants wore light
clothing and no shoes. Weight was rounded to the nearest

0.5 kg. Height was measured with a stadiometer and
rounded to the nearest 0.1 cm. BMI was calculated as the
ratio of weight (kg) to the square of height (m?). Waist
circumference was measured with a tape midway between
the lowest rib and the iliac crest while the participants were
standing. Hip circumference was measured at level with
the maximum size of the buttocks (22). BMI was categorised
according to the classical WHO definition as underweight
(<18.5 kg/m?), normal (18.5-25 kg/m?), overweight (25—
30 kg/m?), and obese (>30 kg/m? Indices of abdominal
obesity were defined as waist circumference (WC) above
88 cm and a waist-to-hip ratio (WHR) above 87.5 % for
men and 83.5 % for women (23, 24).

Confounder variables

Variables that were considered as potential confounders
included demographics [age (years), gender (male/female),
marital status (married/single), education (0-5 years / 6—12
years / over 12 years)], lifestyle variables [sleep duration
(hours) and physical activity (hours per week)], job-related
variables [job stress (effort-reward imbalance), and second
job (yes/no)]. Physical activity was evaluated with the
International Physical Activity Questionnaire (IPAQ),
which included 11 questions. The internal reliability of this
questionnaire was reported good by Moghaddam et al. (25),
based on Cronbach’s alpha of 0.7 and Spearman Brown
correlation coefficient of 0.9. Job stress was evaluated with
the 23-item Effort-Reward Imbalance (ERI) questionnaire,
which is composed of three scales: effort (6 items), reward
(11 items), and over-commitment (6 items). Its Cronbach’s
alpha for effort, reward, and over-commitment subscales
is 0.61, 0.85, and 0.67, respectively (26). We took into
consideration the ratio between effort and reward.
Participants with the effort/reward ratio of 1.0 or higher
were considered to experience ERI or higher job stress (26,
27).

Statistical analysis

Quantitative and qualitative variables were expressed
as means * standard deviation (SD) and as frequency
(percentage), respectively. Independent-samples ¢-test and
chi-square test were used to compare continuous and
categorical variables between groups. Multinomial and
binary logistic regression were used to identify the
association between shift work and either general obesity
or abdominal obesity in crude and adjusted models.
Multivariate logistic regression models were adjusted for
confounding (demographic, lifestyle, and job-related)
variables that were statistically significant in univariate
analyses. The strength of associations was expressed as
odds ratio (OR) and 95 % confidence interval (CI). All
statistical analyses were performed with SPSS version 16
(SPSS Inc., Chicago, IL, USA).
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RESULTS

Table 1 shows the demographics of the study participants
by shift work status. Compared to day workers, shift
workers were mostly male and significantly younger
(p<0.0001) and had lower education and higher sleep
duration and job stress. No significant differences were
found between the two groups in terms of marital status,
physical activity, and second job.

Table 2 shows the prevalence of overweight/obesity and
mean obesity indices. No significant differences were found
between shift and day workers, but overweight prevailed
in shift workers (46.2 % vs. 42.1 %).

Table 3 shows the results of multinomial logistic
regression analyses. Shift work was significantly associated
with the risk of overweight (OR=1.2; 95 % CI:1.04-1.4)
after adjusting for confounding variables. However, no
significant association was found between shift work and
other BMI categories (underweight and obesity). We also
observed significant association between overweight and
age, sex, and education.

Table 4 shows the results of multivariable binominal
logistic regression analyses of associations between shift
work and abdominal obesity. Although shift work increased
the risk of abdominal obesity, the association was not
significant after adjustment for potential confounders.

DISCUSSION

Our study has demonstrated that overweight is common
in industrial working population and that shift work

significantly increases its risk, as reported by a number of
earlier studies (14, 28-30). The mechanism linking shift
work and particularly night shift work with higher BMI has
not been fully understood, but Garaulet et al. (31) suggest
that the culprit should be sought in the disruption of the
circadian rhythm and in sleep deprivation, as they are likely
to affect metabolism and the feeling of hunger, which may
result in excess energy intake, particularly in the evening.
Sleep deprivation decreases leptin and increases ghrelin,
which seems to coincide with greater appetite and weight
gain (31-33).

In our study abdominal obesity was associated with
shift work, but not significantly. Only a few other
epidemiological studies have investigated the association
between shift work and abdominal obesity and reported
inconsistent findings. For instance, in a cross-sectional study
of 1324 male workers Karlsson et al. (34) reported no
significant association. Esquirol et al. (35) reported similar
findings in 98 shift workers (compared to 100 day workers).
The absence of significant association was also reported by
Sun et al. (36) in a prospective cohort study of 3871 shift
workers in China. In contrast, the same group of authors
reported the results of a meta-analysis published one year
earlier (37), which confirmed the association with
abdominal obesity. Bacquer et al. (38) followed 1529
workers from several large Belgian companies and
concluded that the risk of abdominal obesity was greater in
shift workers than in day workers. Peplonska et al. (39) also
found significant association between night shift work and
waist circumference in 724 female nurses and midwives
However, they found no association with WHR of >0.85.

Table 1 Demographics of industrial workers at the Isfahan Steel Company

Shift workers

Day workers

Characteristics n=1683 (54.9) n=1380 (45.1) P-value*
N (%) Mean (SD) N (%) Mean (SD)

Age (year) 35.98+6.98 37.67+7.59 <0.0001

Sex <0.0001

Male 1618 (96.1) 1185 (85.9)

Female 65 (3.9) 195 (14.1)

Marital status 0.06

Married 1531 (91) 1227 (88.9)

Single 152 (9) 153 (11.1)

Education years <0.0001

0-5 year 135 (8) 120 (8.7)

6-12 year 1213 (72.1) 695 (50.4)

> 12 year 335(19.9) 565 (40.9)

Sleep duration (hour) 7.27£1.18 6.92+1.12 <0.0001

Physical activity (hours per week) 7.3143.63 7.35+3.68 0.76

Job stress (assessed by ERI) 0.64+0.21 0.69+0.24 <0.0001

Second job 0.094

Yes 170 (10.1) 115 (8.3)

ERI - effort-reward imbalance; * independent sample -test and chi-square test
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Table 2 Obesity indices and prevalence of overweight/obesity in total sample and shift and day workers

Total Shift workers Day workers

Obesity indices N=1683 N=1380 P-value*
N (%) Mean+SD N (%) Mean+SD

BMI* (ke/m?) 25.6+3.8 25.52+3.64 25.68+3.97 0.06
Underweight 67 (2.2) 36 (2.1) 31(22)
Normal weight 1288 (42.1) 699 (41.6) 589 (42.7)
Overweight 1353 (44.2) 773 (46) 580 (42.1)
Obesity 353 (11.5) 174 (10.3) 179 (13)
f‘fsgt:jr(cc'l‘n“)‘fere““ 88.6+9.9 88.7749.45 88.42410.41 0.33
WC<88cm 1526 (49.9) 827 (49.2) 699 (50.7)
Abdominal obesity 1535 (50.1) 855 (50.8) 680 (49.3)
m;:g;i‘ip ratio 88.3+0.07 88.5+0.06 88.1+0.07 0.2
For Men 88.7+0.06 89.3+0.06 0.1
WHR< 87.5 % 1122 (40) 678 (41.9) 460 (38.9)
Abdominal obesity 1680 (60) 940 (58.1) 723 (61.1)
For Women 81.7+0.07 81.3£0.1 0.94
WHR< 83.5 % 179 (69.1) 44 (68.8) 135 (69.2)
Abdominal obesity 80 (30.9) 20 (31.3) 60 (30.8)

BMI - body mass index; WC — waist circumference; WHR — waist-to-hip ratio; “independent #-test and chi-square test for continuous
and categorical data

Table 3 Association between shift work and BMI adjusted for confounders

Normal
weight . . .
(BMI 18.5- Underweight (BMI<18.5, Overweight (BMI 25-30, Obesity (BMI>30,
. N=67) N=1353) N=353)

Variables 25, N=1288)
as reference

A?é';'i;:dch Afgj;‘izdch P-Value Ag;’i;:dc(l))R P-Value Ag';'f,;:‘]CgR P-Value
Shift
o kers 1 0.88 (0.5-1.5) 0.6 1.2 (1.04-1.4) 0.02 0.9 (0.7-1.2) 0.6
Da
woZkers ! ! !
Age (years) 1 097 (0.9-1.01) 0.1 1.06 (1.04-1.07)  <0.0001  1.1(1.05-1.09) <0.0001
Sex 1
Male 0.59 (0.3-1.3) 0.2 1.6 (1.2-2.1) 0.003 1.1 (0.7-1.7) 0.6
Female 1 1 1
Education |
years
0-5 years 1.6 (0.6-4.7) 0.3 0.52(0.4-0.7)  <0.0001  0.6(0.4-1.01)  0.055
6-12 years 1.3 (0.7-2.4) 0.4 0.9 (0.8-1.1) 0.5 1.1(0.8-1.5) 045
>12 years 1 1 1
Sleep
duration 1 12(0.99-1.5) 007  0.95(0.9-1.02) 0.15 0.9(0.8-1.02) 0.1
(hours)
Job stress 1 0.4 (0.1-1.4) 0.2 1.4 (0.9-1.9) 0.1 1.4 (0.8-2.4) 0.2
(ERI)

BMI - body mass index; ERI — effort-to-reward imbalance
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Table 4 Association between shift work and abdominal obesity adjusted for confounders

WC >88 cm WHR >87.5 % for men WHR >83.5 % for women
Characteristics N71S33 N=1680 N80
Adjusted OR P-value Adjusted OR P-value Adjusted OR P-value
95 % CI) 95 % CI) 95 % CI)
Shift workers 1.1 (0.97-1.3) 0.1 1.1 (0.9-1.3) 0.2 1.005 (0.5-1.9) 0.99
Day workers Ref 1 1
Age (years) 1.1(1.07-1.09)  <0.0001 1.1 (1.1-1.13) <0.0001 1.06 (1.02—-1.1) 0.004
Sex
Male 3.9(2.9-5.4) <0.0001
Female Ref
Education years 0.001 0.2 0.95
0-5 years 0.55(0.4-0.7)  <0.0001 0.7 (0.5-1.04) 0.1 comI::;ttable
6-12 years 0.9 (0.7-1.05) 0.2 0.95 (0.8-1.15) 0.6 1.1 (0.6-2.04) 0.75
>12 years Ref 1 1
(Sﬁzﬁ‘r’sgi“”ti"“ 0.96 (0.9-1.03) 03 0.997 (0.9-1.1) 0.9 1.05 (0.8-1.3) 0.7
Job stress (ERI) 1.4 (1.01-2) 0.04 1.3 (0.9-1.9) 0.2 1.003 (0.3-3.4) 0.996
WC — waist circumference; WHR — waist to hip ratio
Like many cross-sectional studies, our study has the  Conflict of interests

inherent limitation that it cannot evidence causal relationship
from the obtained significant associations. This could be
overcome by a future longitudinal study that could provide
higher level of evidence. Another limitation is that we did
not compare different shift work schedules (permanent shift,
rotating shift, irregular shift), as we assumed only the
rotational one, nor did we take into account the years of
work (in general or for shift work alone) or potential
differences in dietary habits between shift and day workers.

Even with these limitations our study has its merits. The
first is the large sample of Iranian industrial workers that
includes a large fraction of shift workers. It is also the first
comprehensive study in Iran investigating the association
between shift work and general and abdominal obesity, and
as such, it complements the findings for industrial workers
all over the world. Furthermore, our analysis took into
account many potential cofounding variables. In conclusion,
it has shown that shift work is associated with the risk of
overweight, but failed to show the same association with
abdominal obesity. In practical terms, our findings call for
optimising shift work schedules and implementing
occupational health education programmes to reduce
obesity-related health risks.
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Povezanost smjenskog rada s pretilosti na velikom uzorku iranskih radnika u industriji ¢elika

Pretilost je povezana s nekoliko kroni¢nih bolesti, a premda rezultati postojecih istrazivanja upucuju na to da smjenski
rad donosi rizik od prekomjerne tjelesne tezine i pretilosti, oni su zasad kontroverzni. Osim toga, tek je nekolicina
istrazivanja objavila rezultate za industrijske radnike pod visokim stresom povezanim s poslom. Cilj je ovoga presjecnog
istrazivanja bio utvrditi postoji li takva povezanost izmedu smjenskoga rada i prekomjerne tezine odnosno pretilosti na
velikom uzorku od 3063 industrijska radnika iz zemlje u razvoju. Uzorak je dobiven medu 16.000 radnika ¢eli¢ne industrije
klasterskim uzorkovanjem u vise faza. Prikupljeni su antropometrijski podaci o radnicima, ukljucujuci indeks tjelesne
mase (eng. BMI), opseg struka i omjer struka i bokova. Podaci o moguéim varijablama posredne povezanosti (engl.
confounding variables) prikupljeni su upitnikom koji su ispunili ispitanici. Za utvrdivanje povezanosti smjenskoga rada
s opéom 1 trbusnom pretilosti rabljena je multinomijalna i binarna logisticka regresijska analiza. Uzorak je obuhvatio
1683 radnika (54,9 %) u rotacijskim smjenama te 1380 radnika (45,1 %) u dnevnoj smjeni. Nakon prilagodbe prema
varijablama posredne povezanosti utvrdeno je da je smjenski je rad znacajno povezan s visim rizikom od prekomjerne
tjelesne tezine (OR=1,2; 95 % CI:1,04—1,4), ali ne i s trbusnom pretilosti. Rezultati istrazivanja isticu smjenski rad kao
nezavisni ¢cimbenik za prekomjernu tjelesnu tezinu u industrijskih smjenskih radnika. U prakti¢nom smislu to znaci da
bi za smanjenje toga rizika trebalo promijeniti raspored smjena, osobito ako rad u smjenama traje dugo tj. ne izmjenjuje
se s radom u isklju¢ivo dnevnoj smjeni.

KLJUCNE RIJECI: BMI; omjer struka i bokova; opéa pretilost; opseg struka; trbusna pretilost



