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Abstract. Shift work during reproductive age can be a risk 
factor for metabolic syndrome. The present study evaluated 
the association between shift work and metabolic syndrome 
during reproductive age. This multi‑center cross‑sectional 
correlational study was performed between September 2017 
and May 2018. A total of 419 female shift and day workers 
were purposively recruited to the study from three central 
cities in Mazandaran, Iran. To diagnose metabolic syndrome 
based on the National Cholesterol Education Program Adult 
Treatment Panel III guidelines, the anthropometric measures, 
blood pressure, and levels of serum triglyceride, high‑density 
lipoprotein and fasting blood sugar were taken. Data were 
analyzed using the independent‑sample t, Chi‑square and the 
Fisher's exact tests as well as the logistic regression analysis. 
Among the 419 participants, 28 were excluded during the 
study. The total prevalence of metabolic syndrome was 16.3%, 
and its prevalence among shift workers and day workers was 
17.3 and 14.9%, respectively. The most prevalent components 
of metabolic syndrome were low serum level of high‑density 
lipoprotein and abdominal obesity. Following adjustments 
for the effects of potential cofounders, the logistic regression 
analysis revealed that the odds of metabolic syndrome among 

shift workers was ~2 times greater than day workers (odds 
ratio, 1.83; 95% confidence interval, 0.088‑3.79), although this 
association was statistically insignificant (P=0.10). The results 
of the current study suggest that shift work is associated with 
a greater risk of metabolic syndrome for women. The most 
important components of metabolic syndrome are low serum 
level of high‑density lipoprotein and abdominal obesity, which 
are attributable to limited physical activity and high occupa-
tional stress. The risk of metabolic syndrome among female 
shift workers of reproductive age may be reduced through 
strategies, including awareness raising, dietary educations and 
provision of physical activity facilities in the workplace.

Introduction

Metabolic syndrome is one of the most important illnesses of 
the recent century (1). It is a set of symptoms, namely hyper-
tension, dyslipidemia, dysglycemia and abdominal obesity, 
which occur secondary to insulin resistance (2). Its prevalence 
is 20.2% in the United States (3), 30% in Brazil (4) and 10.7% 
in South Korea (5). A meta‑analysis on a sample of 74,440 
Iranians stated that its prevalence in Iran is 34.7% (6).

Metabolic syndrome increases the risk of chronic illnesses, 
particularly cardiovascular disease (7). People with metabolic 
syndrome are at twice the risk of developing cardiovascular 
disease, three times the risk of developing ischemic stroke (8), 
and five times the risk of developing diabetes mellitus (9). 
Furthermore, those with metabolic syndrome are prone 
to developing osteoarthritis, certain types of cancer, with 
increased disability and mortality risks  (10). Metabolic 
syndrome imposes heavy costs on healthcare systems (1).

The pathogenesis of metabolic syndrome remains unclear. 
It involves a variety of contributing factors, including lifestyle, 
environmental and genetic factors (11), stress (12), sex (13), 
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number of parities (14), and shift work (15). Certain studies 
have reported a higher risk of metabolic syndrome among 
women (14) and shift workers (15). Shift work is defined as 
working night shifts between 6:00 p.m. to 07:00 a.m. It can 
negatively affect circadian rhythm, and thereby, cause altera-
tions in the secretion of hormones, such as growth hormone, 
melatonin, cortisol, leptin and ghrelin (16,17). Alterations to 
these hormones may affect body metabolism, reduce glucose 
tolerance and increase insulin resistance (18,19). A study on 
2,089 hospital staff in South Korea concluded that shift work 
significantly increases the risk of metabolic syndrome (20). 
However, certain studies reported an insignificant association 
with metabolic syndrome (21,22), weight gain (23) and serum 
lipid levels (24).

In Iran, women are primarily employed in service jobs (25), 
particularly in hospitals (26), welfare centers (27) and nursing 
homes, whereby shift work is typically encountered  (28). 
Around two thirds of employed women in Iran are of reproduc-
tive age (25), and thus, experience pregnancy and childbirth 
during their employment (29). Besides shift work, parity and the 
number of parities can increase the risk of metabolic syndrome 
among these women due to parity‑associated increased abdom-
inal circumference (14) and increased insulin resistance (30). 
Therefore, female shift workers with more children appear to 
be at greater risk of developing metabolic syndrome. Previous 
studies in Iran investigating the association between shift work 
and metabolic syndrome have been performed on industrial 
workers (24) and drivers (7). However, to the best of our knowl-
edge, no study has yet evaluated the prevalence of metabolic 
syndrome among Iranian female shift workers, particularly 
those who are married and are of reproductive age. The current 
study aimed to evaluate the association between shift work 
with metabolic syndrome during reproductive age.

Materials and methods

Patients. The present multi‑center cross‑sectional correlational 
study was performed between September 2017 and May 2018 
in three central cities located in Mazandaran, Iran (Amol, 
Babol and Ghaemshahr). Participants were female shift and 
day workers purposively selected from hospitals, welfare and 
rehabilitation centers, nursing homes, and textile and sewing 
mills. Participants were recruited if they were between 18 and 
45 years old, married and had >2 years of work experience. 
The exclusion criteria maintained were voluntary withdrawal 
from the study or incompletion of the study, and having cardio-
vascular disease, diabetes mellitus, or hypertension (with a 
blood pressure of >140/90 mmHg) at the beginning of work.

For sample size calculation, the prevalence of metabolic 
syndrome was considered to be at most 25% based on results 
from two previous studies (31,32). Accordingly, with a confi-
dence level of 95% and an estimation error of 6%, the sample 
size was estimated to be 200 participants/group. Yet, consid-
ering an attrition rate of 5%, 419 women were selected.

Assessment of demographical, occupational and medical 
characteristics. A questionnaire was used to assess participant 
demographical, occupational and reproductive characteristics. 
Demographical characteristics included age, educational level, 
place of residence and family income. Occupational charac-

teristics were work schedule (shift work or day work), work 
experience, number of working hours/month, organizational 
position, workload and occupational stress. Workload was 
assessed using a question answered on a five‑point Likert scale 
from ‘light’ to ‘heavy’, while occupational stress was assessed 
using a question answered on a five‑point Likert scale from ‘very 
low’ to ‘very high’. Reproductive characteristics assessed in the 
present study were number of parities and route of delivery.

Assessment of health‑associated behaviors. Participant 
health‑associated behaviors were assessed through questions 
regarding cigarette smoking (yes/no), alcohol consumption 
(yes/no), sleep quantity and quality, and physical activity. 
The questions for sleep quantity and quality assessment were, 
‘How many hours do you sleep a day, on average?’ and ‘Is your 
current sleep adequate to fulfil your need for sleep?’ (yes/no), 
respectively. For physical activity assessment, participants 
were asked if they walked ≥30 min thrice weekly. ‘Yes’ and 
‘No’ responses to this question were respectively interpreted 
as physically active and physically inactive.

Anthropometric measures. An analogue weight scale (MW84; 
EmsiG GmbH Co., Hamburg, Germany) and a wall‑mounted 
plastic tape were used to respectively measure weight and 
height in upright position without shoes and with minimum 
possible clothes. Waist circumference (WC) was also measured 
in the midway between the lowest rib edge and the iliac crest.

Blood pressure. Blood pressure (BP) was measured using an 
analogue sphygmomanometer (EmsiG GmbH Co.) from the 
right arm in the sitting position, and following a 15‑min rest.

Biomarkers. Biomarkers assessed in the current study were 
triglyceride (TG), high‑density lipoprotein (HDL) and fasting 
blood sugar (FBS). Accordingly, a 5‑mm blood sample was 
taken from each participant at 07:00‑09:00 a.m. following a 
night time fasting period of 12‑14 h. Subsequently, biochemical 
analysis was performed in a laboratory of a hospital affiliated 
to Babol University of Medical Sciences, Babol, Iran. All 
laboratory analyses were performed by a laboratory techni-
cian, using an identical kit (Pars Azmoon kit, Pars Azmoon 
Inc., Tehran, Iran), and one biochemistry analyzer (Sapphire 
800; Audit Diagnostics, Cork, Ireland). Furthermore, blood 
sampling and anthropometric and blood pressure measure-
ments were performed by one person.

Diagnostic criteria for metabolic syndrome. According to 
the National Cholesterol Education Program Adult Treatment 
Panel III guidelines (33), participants were diagnosed with 
metabolic syndrome if they simultaneously met three of the 
following five criteria: i) Hypertension as determined by a BP 
>130/85 mmHg or taking blood pressure medications; ii) high 
serum TG level (>150 mg/dl); iii) high FBS (>110 mg/dl); 
iv) low serum HDL level (<50 mg/dl); and v) abdominal obesity 
as determined by a WC of >88 cm.

Shift work assessment. Participants were divided into two 
main groups based on the work schedules, day workers and 
shift workers. Participants who did morning or evening shifts 
and never did night shift were considered as day workers. Shift 
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workers included participants who had rotational work. Shift 
workers were those participants who worked 3 shifts of 8 h 
(morning, evening and night shifts) or who worked two shifts 
of 8 h and one of 12 h or who worked 2 shifts of 12 h.

Statistical data analysis. The data were analyzed using 
SPSS (version 16.0; SPSS, Inc., Chicago, IL, USA). Shift 
worker and day worker participants were compared with 
each other respecting their demographical, occupational, and 
reproductive characteristics and health‑associated behaviors 
using the independent‑sample t, Chi‑square and the Fisher's 
exact tests. Furthermore, logistic regression analysis was 
performed to determine the effect of shift work on the odds 
of metabolic syndrome following adjustments for the effects 
of potential confounders. For regression analysis, the variable 
number of sleeping hours was dichotomized as ‘<6 h’ and 
‘>6  h’. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Participants' demographical, occupational and reproductive 
characteristics. Among the 419 women recruited to the study, 
28 were excluded due to voluntary withdrawal or study incom-
pletion. Consequently, statistical data analysis was performed 
on the data collected from 391 participants (Fig. 1). A total of 
196 shift workers and 195 day workers were included. Those 
who were excluded from the study did not significantly differ 
from participants respecting their demographical, occupa-
tional and reproductive characteristics (P>0.05).

The mean age and work experience of participants were 
36.12±5.21 and 12.38±5.92 years, respectively, and there was 
no statistically significant difference between shift workers 
and day workers in terms of age and work experience. Shift 
workers had significantly higher levels of Monthly work 

(h) compared with day workers. (P<0.001; 192.61±23.33 
vs. 179.12±18.76).

The majority of participants held university degrees (73%), 
resided in urban areas (84%), were a healthcare provider 
(70%), had a heavy workload with high levels of occupational 
stress (60%), and had given birth through a caesarean section 
(70%). Approximately 50% of women had one child (49.5%). 
Shift workers had significantly higher levels of occupational 
stress compared with day workers (P=0.02) and participants 
with more parities had significantly greater WC measures 
(P<0.001).

Participants' health‑associated behaviors. One third of 
participants (33.3%) were physically active, 2%  of them 
smoked cigarettes and none reported alcohol consumption. 
Furthermore, 48% of participants reported having inadequate 
sleep. Sleep adequacy among shift workers was significantly 
reduced compared with day workers (P=0.006; Table I). In 
addition, the length of sleep in a 24‑h period among shift 
workers was significantly shorter compared with day workers 
(P<0.001).

Association between shift work and metabolic syndrome. The 
total prevalence of metabolic syndrome was 16.3%. The rate 
among shift workers and day workers was 17.3 and 14.9%, 
respectively, with no statistically significant between‑group 
difference (P=0.50; Table  II). The most prevalent compo-
nents of metabolic syndrome among participants were low 
serum HDL level (88%) and abdominal obesity (73%). The 
prevalence of low serum HDL level among shift workers was 
significantly increased compared with day workers (P=0.019). 
However, they did not significantly differ from each other 
respecting the other components of metabolic syndrome, 
including hypertension, dysglycemia, abdominal obesity and 
hypertriglyceridemia (P>0.05; Table II).

Figure 1. Flow diagram of the experimental study design.
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Table I. Participants' demographical, occupational and reproductive characteristics.

	 Total	 Shift workers	 Day workers	
Characteristics	 N (%)	 N (%)	 N (%)	 P‑value

Age (years)				    0.26a

  20‑29	   46 (11.8)	   27 (13.8)	 19 (9.7)	
  30‑39	 222 (55.9)	 113 (57.9)	 109 (55.9)	
  40‑45	 122 (31.3)	   55 (28.2)	   67 (34.4)	
Educational level				    0.82a

  Bachelor's 	 287 (8.73)	 146 (75.3)	 141 (72.3)	
  Diploma	   72 (18.5)	   34 (17.5)	   38 (19.5)	
  Incomplete secondary	   87 (13.3)	 14 (4.2)	 16 (8.2)	
Place of residence				    0.20a

  Urban areas	   61 (15.7)	   35 (18.0)	   26 (13.3)	
  Rural areas	 328 (84.3)	 159 (82.0)	 169 (86.7)	
Family income				    0.036a

  Sufficient	   149 (40.38)	   63 (32.5)	   86 (44.3)	
  Moderately sufficient	 179 (46.1)	   95 (49.0)	   84 (43.3)	
  Insufficient	   60 (15.5)	   36 (18.6)	   24 (12.4)	
Body mass index (kg/m2)				    0.27a

  <18.5	   2 (0.5)	   2 (0.6)	   0 (0.0)	
  18.5‑25	 131 (33.5)	   69 (35.2)	   62 (31.8)	
  25‑30	 176 (45.0)	   81 (41.3)	   95 (48.7)	
  >30	   82 (21.0)	   44 (22.4)	   38 (19.5)	
Number of parities				    0.64a

  1	 185 (49.6)	   91 (48.4)	   94 (50.8)	
  ≥2	 188 (50.4)	   97 (51.6)	   91 (49.2)	
Route of delivery				    0.46a

  Normal vaginal delivery	 109 (29.8)	   50 (27.0)	   59 (32.6)	
  Cesarean section	 234 (63.9)	 122 (65.9)	 112 (61.9)	
  Both (in different deliveries)	 23 (6.3)	 13 (7.0)	 10 (5.5)
Physical activity				    0.057a

  Inactive	 143 (38.3)	   61 (33.3)	   82 (43.2)	
  Active	 230 (61.7)	 122 (66.7)	 108 (56.8)	
Cigarette smoking				    0.68b

  Yes	   5 (1.3)	   2 (1.0)	   3 (1.5)	
  No	 611 (98.1)	 125 (97.7)	 477 (98.1)	
Sleep adequacy (h/day)				    0.006a

  Inadequate	 180 (48.0)	 103 (55.1)	   77 (41.0)	
  Adequate	 195 (52.0)	   84 (44.9)	 111 (59.0)	
Employment status				    0.17a

  Healthcare provider	 273 (70.7)	 136 (69.4)	 137 (72.1)	
  Mother aid or nurse aid	   61 (15.7)	   38 (19.4)	   23 (12.1)	
  Laborer	 34 (8.8)	 15 (7.7)	   19 (10.0)	
  Service worker	 18 (4.7)	   7 (3.6)	 11 (5.8)	
Workload				    0.14a

  Low to moderate	 151 (39.6)	   67 (35.3)	   84 (44.0)	
  Heavy	 161 (42.3)	   83 (43.7)	   78 (40.8)	
  Very heavy	   69 (18.1)	   40 (21.1)	   29 (15.2)	
Occupational stress				    0.002a

  Very high	   66 (17.3)	   43 (22.6)	   23 (12.0)	
  High	 138 (36.1)	   74 (38.9)	   64 (33.3)	
  Low to moderate	 178 (46.6)	   73 (38.4)	 105 (54.7)	

aThe results of the Chi‑square test; bThe results of the Fisher's exact test. SD, standard deviation.
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Logistic regression analysis was used to determine the odds 
of metabolic syndrome in relation to shift work. Following 
adjustment for the effects of potential demographical, occu-
pational and medical confounders, the results of the logistic 
regression analysis demonstrated that the odds of metabolic 
syndrome among shift workers was nearly two times greater 
compared with day workers (odds ratio, 1.83; 95% confidence 
interval, 0.088‑3.79; P=0.10; Table III).

Discussion

The present study evaluated the association between shift work 
and metabolic syndrome among women of reproductive age. 
The results revealed that the prevalence of metabolic syndrome 

among shift worker participants was 16.3%. However, two 
previous studies reported that this rate was 22.4% among 
healthcare workers in Iran (32) and 19.8% among patients in 
a primary healthcare setting in Germany (34). This contradic-
tion may be due the fact that the present study was performed 
on women aged 18‑45 years, while the two previous studies 
were performed on people from different age groups. Age is a 
significant risk factor for metabolic syndrome (35), a previous 
study on 3,024 Iranian women reported that the prevalence of 
metabolic syndrome was 20% among women aged 25‑34 years 
and 72% among women aged 55‑64 years (35).

Th present study findings also demonstrated that shift work 
doubled the risk of metabolic syndrome. Previous studies in 
Iran (7,32) and Italy (36) have reported the same finding. A 

Table II. Prevalence of metabolic syndrome and its components among shift and day workers.

Metabolic syndrome	 Total	 Shift workers	 Day workers	
and its components	 N (%)	 N (%)	 N (%)	 P‑valuea

BP (mmHg)				    0.29
  <130/85	 377 (96.2)	 186 (94.9)	 190 (97.4)	
  ≥130/85	 15 (3.8)	 10 (5.1)	 5 (2.6)	
FBS (Mg/dl)				    0.47
  <110	 384 (98)	 191 (97.4)	 192 (98.5)	
  ≥110	 8 (2)	 5 (2.6)	 3 (1.5)	
WC (cm)				    0.42
  <88	 105 (26.8)	 49 (25.0)	 56 (28.7)	
  ≥88	 287 (73.2)	 147 (75.0)	 139 (71.3)	
HDL (Mg/dl)				    0.019
  <50	 47 (12.0)	 16 (8.2)	 31 (15.9)	
  ≥50	 345 (88.0)	 180 (91.8)	 164 (84.1)	
TG (Mg/dl)				    0.73
  <150	 314 (80.1)	 159 (81.1)	 155 (79.5)	
  ≥150	 78 (19.9)	 37 (18.9)	 40 (20.5)	
Metabolic syndrome				    0.50
  Yes	 64 (16.3)	 34 (17.3)	 29 (14.9)	
  No	 328 (83.7)	 162 (82.7)	 166 (85.1)	

aResults of the Chi‑square test. FBS, fast blood sugar; HDL‑C high‑density lipoprotein cholesterol; BP, blood pressure; WC, Waist circumfer-
ence; TG, triglycerides.

Table III. Regression analysis for the prediction of metabolic syndrome affliction based on work schedule (shift or day work) 
adjusted for confounders.

	 Unadjusted	 Model 2	 Model 3	 Model 4	 Model 5
Work schedule	 OR (95% CI)	 OR (95% CI)	 OR (95% CI)	 OR (95% CI)	 OR (95% CI)

Day workers	 1 (Reference)	 1 (Reference)	 1 (Reference)	 1 (Reference)	 1 (Reference)
Shift workers	 1.20 (0.7‑2.06)	 1.22 (0.71‑2.11)	 1.21 (0.69‑2.12)	 1.24 (0.77‑2.54)	 1.83 (0.88‑3.79)

Model 1: Single factor logistic regression. Model 2: Adjusted for age (> 35 vs. ≤ 35). Model 3: Adjusted for age, educational level, and family 
income. Model 4: Adjusted for age, educational level, family income, body mass index, and physical activity. Model 5: Adjusted for age, 
educational level, family income, body mass index, physical activity, work experience, sleep duration, employment, occupational stress, and 
number of parities. OR, odds ratio; CI, confidence interval.
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probable explanation for the higher risk of metabolic syndrome 
among female shift workers in the current study may be 
their lower serum HDL level compared to their day worker 
counterparts. This is in line with the findings of two earlier 
studies (8,37). The results of a meta‑analysis on 74,440 Iranians 
also revealed that low serum HDL level was the most common 
predisposing factor for metabolic syndrome (39). Another study 
on Iranian physicians reported that >50% of participants exhib-
ited low serum HDL levels (40). Similarly, a study on Egyptian 
nurses reported that the level of serum HDL among nurse day 
worker was twice that of nurse shift workers (38). Lower levels 
of serum HDL among shift workers may be due to circadian 
disorders  (41). Circadian rhythm causes variations in lipid 
metabolism (41), whereby periodical alterations in cholesterol 
and triglycerides over a 24‑h period are 31.6 for and 38.5%, 
respectively (16). Accordingly, shift work may result in dyslipid-
emia through altering circadian rhythm and sleep‑wakefulness 
cycle (40). Although, a previous study indicated no significant 
association between serum HDL level and shift work (17).

The present study also demonstrated that sleep quantity 
and quality among shift workers were significantly less 
compared with that of day workers, and the majority of shift 
workers reported that they have inadequate sleep. Sleep has 
a mediating role in the association between shift work and 
metabolic syndrome (42). This role is probably due to the 
negative effects of disturbed sleep among shift workers on 
circadian rhythm, subsequent alterations in the metabolism of 
serum lipids and endogenous glucose, and effects on glucose 
tolerance (42).

The findings in the current study also indicated that a 
third of participants regularly performed physical activity. 
Furthermore, the rate of regular physical activity among shift 
workers was considerably less compared with their day worker 
counterparts. Similarly, a study on a group of Iranian nurses 
reported that poor physical activity status' due to their multiple 
parental and spousal responsibilities, and inadequate time for 
engagement in physical activity (43). Regular physical activity 
can reduce the risk of metabolic syndrome through reducing 
WC and body mass index (44).

None of the participants in the current study reported 
alcohol consumption and the majority (98%) did not smoke. 
Two earlier studies in Iran also reported the same find-
ings (7,45). Unlike the high prevalence of low serum HDL 
level and abdominal obesity in the present study, only a limited 
number of participants (<4%) suffered from hypertension and 
diabetes mellitus. These low rates of hypertension and diabetes 
mellitus in the present study are attributable to the fact that 
all participants were female and <45. Compared with men, 
women >50 years are less likely to develop hypertension (46).

Due to time and financial limitations, the current study 
was performed using a cross‑sectional design. Future studies 
are recommended to use cohort designs to provide more reli-
able data on the association between shift work and metabolic 
syndrome. Additionally, only a third of participants were 
mother aid, nurse aid, labourer or service workers. The low 
number of these workers in this study was associated with the 
limited number of welfare and rehabilitation centers, nursing 
homes, and industrial female shift workers in the area.

The results of the current study revealed that shift work 
is associated with greater risk of metabolic syndrome among 

women of reproductive age. Therefore, metabolic syndrome 
screening programs should be essential for female shift 
workers. In addition, the present study suggests that the most 
important components of metabolic syndrome are low serum 
HDL level and abdominal obesity, probably due to the limited 
physical activity intake and high occupational stress of female 
shift workers. Strategies, including awareness raising, dietary 
educations, and provision of physical activity facilities at the 
workplace may reduce the risk of metabolic syndrome among 
female shift workers, and improve their health status during 
the reproductive age.
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