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IntroductIon

More than 20% of all employees in the industrialized 
countries work in rotating shifts or during the night.[1] 
There is much evidence to suggest that rotating shift 
work increases the cardiovascular diseases (CVD).[2,3] In a 
review 17 retrospective and prospective studies, indicated 
that rotating shift work raises the risk of CVD to 40%.[4] 
Disturbance of circadian rhythms, distressed sleep, and 
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ABSTRACT

Aims: The aim of this study was to assess the effect of shift work on metabolic 
syndrome in Iran Polyacryl Corporation workers.
Materials and Methods: This retrospective cohort study was conducted on 
Iran Polyacryl Corporation workers for 10 years. The incidence of metabolic 
syndrome was assessed between shift workers and day workers. For analysis 
of the effects of shift work on six different combinations of metabolic syndrome, 
Logistic regression was used, and information was analyzed with using 
Statistical Package for Social Science-SPSS version 18.
Results: The mean triglyceride, body mass index, total cholesterol, and systolic 
blood pressure was higher in the day workers than rotating shift workers, but 
the difference was not significant (P value > 0.05). Logistic regression showed 
a significant inverse relationship between shift work and combination of three 
metabolic syndromes with a relative risk (RR) and %95 confidence interval 
(CI) of 0.24 and (0.06-0.94), respectively. Although shifts work increased risk 
of combination of numbers 2 (IFG, BP, and BMI) and 4 (IFG,TG, and BMI) 
metabolic syndrome 66% and 6%. These differences were not significant (RR = 
1.66, %95 CI ; 0.81-3.37 and RR = 1.06, %95 CI ; 0.72-1.58 respectively). Other 
combinations of metabolic syndrome had a non-significant inverse relationship 
with shift work (P value > 0.05).
Conclusion: Our findings indicate that rotating shift work not increases the 
risk of metabolic syndrome and different combinations. However, significantly 
decreased risk for developing combination 3 (Impaired fasting glucose, 
hypertension, and positive micro albuminuria).
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life-style alterations resulting changes in mood and stress 
are potential mechanisms that could clarify the relation 
of shift work with an increased risk of cardiovascular 
disorders. [5] Most studies have focused on life-style factors, 
but recent findings suggest that metabolic disorders can 
be induced as a result of circadian rhythms irregularity. An 
empirical study by Hampton et al., showed that postprandial 
glucose concentrations increases when the circadian 
rhythms phase is changed.[6] Moreover, a very complex 
set of daily metabolic is deeply related to sleep patterns 
and this suggests that the quality and sleep duration can 
affect the metabolic and endocrine function. [7,8] Theorell 
and Akerstedt[9] indicated that night work may lead to 
changes in glucose and serum lipids concentrations, 
which return to normal status when individual returns to 
daily work. Furthermore, other studies have shown the 
elevated triglyceride (TG) levels in shift workers.[4] Based 
on the findings of changes in glucose and lipid serum, it is 
necessary to investigate whether the work shift can lead to 
insulin resistance, which may lead to metabolic syndrome? 
Metabolic syndrome is a common disorder in Iran with 
prevalence of 30.1% and there is evidence to suggest that 
this syndrome is a risk factor for cardio-vascular diseases. [10] 
If shift work increases the risk of metabolic syndrome will be 
increased subsequently, this justifies association between 
shift work and CVD.

Recently, high prevalence of metabolic syndrome and its 
constituent components (abdominal obesity, hypertension, 
dyslipidemia, and impaired glucose tolerance) has been 
shown in shift workers.[11,12] Li et al. in 2011 showed that 
shift workers, compared to day workers are at increased risk of 
metabolic syndrome.[13] Similarly, a study conducted in 2008 
by De Bacquer et al. showed that the cumulative incidence 
of metabolic syndrome among workers with rotating shifts 
is more than the day workers. The incidence of metabolic 
syndrome in workers with rotating shifts was 60.6 in 1000 
person in year and in day workers were 37.2 in 1000 person in 
the year.[14] Another cross-sectional study was conducted by 
Esquirol et al. showed that the shift working is significantly 
associated with metabolic syndrome.[15] Furthermore, a 
population-based study conducted by Karlsson et al. showed 
that a combination of metabolic syndrome risk factors 
including, obesity, elevated TGs, and low high density 
lipoprotein cholesterol occur more among the shift workers 
than the day workers.[16] Other studies have shown that the 
metabolic syndrome occurs more in that works with rotating 
shifts.[11-15]

High prevalence of metabolic syndrome in Iran, which 
leads to increased risk of CVD, diabetes and stroke, 
imposes high cost on the health system in the country. 
Evaluation and proper management of the risk factors 
that increase the risk of metabolic syndrome are essential. 
Furthermore, the different combinations of the metabolic 
syndrome can be considered. Thus, in this study, the 
possible effects of shift work on each of the six different 

combinations of metabolic syndrome were evaluated 
separately.

MaterIals and Methods

This study was performed as a retrospective cohort on the 
employees of Iran Polyacryl Corporation for 10 years from 
2001 to 2011. In this study, the inclusion criteria was to be 
formally or informally employed in years between 2001 and 
2011, lack of specific diseases history and having information 
medical records before employment including: Fasting 
glucose, TGs, body mass index (BMI), blood pressure (BP), 
and micro albuminuria. Incomplete information and lack 
of information before employment and having a specific 
disease were considered as exclusion criteria. Study was 
performed on all of Iran Polyacryl Corporation employees 
(N = 2100) who had been tested for fasting glucose, 
TGs, BMI, BP, and micro albuminuria. In this study, the 
metabolic syndrome was defined according to the World 
Health Organization criteria’s (WHO).[17] Based on this 
definition, a person is affected with metabolic syndrome who 
has a fasting blood glucose ≥100 mg/dl plus two or more of 
the following four factors including BP ≥140/90 mm Hg,  
TGs ≥150 mg/dl, BMI ≥30, and have a positive urine 
micro albuminuria. Furthermore, in this study, different 
combinations of metabolic syndrome were considered 
and the effect of shift work on each of the compounds 
was evaluated. According to the WHO definition of the 
metabolic syndrome and since the presence of impaired 
glucose fasting is necessary to all compounds; hence, there 
were very few people who had the same five or four criteria of 
metabolic syndrome, the combination of the 4 and 5 sets were 
not included in the components. Ultimately, six different 
possible components for metabolic syndrome were defined as 
follows:[16] Combination 1 (Impaired fasting glucose [IFG], 
hypertension, and high TGs), Combination 2 (IFG, BP, and 
high BMI), Combination 3 (IFG, hypertension, and positive 
micro albuminuria), Combination 4 (IFG, high TGs, and 
high BMI), Combination 5 (IFG, high BMI, and positive 
micro albuminuria), Combination 6 (IFG, micro albuminuria 
positive, and high BMI).

Data collection was based on recorded information in the 
health system and industrial medicine unit of the Iran 
Polyacryl Corporation that was located at the company 
place. These data included the annual measurements of 
cholesterol, TGs, glucose, BP, height and weight, micro 
albuminuria, urea, age, education, and job (official-non-
official). All measurements are taken in the fasting state. 
Based on the work plan, individuals in the Iran Polyacryl 
Corporation were employed as day workers, 2-rotation shift 
workers and 3-rotation shift workers. However, in this study 
due to the low number of people working in 2-rotation shift 
work, 2-rotation shift workers and 3-rotation shift workers 
were mixed and were considered as shift workers. Shift 
work was defined as work outside of the daily opening that 
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is hours from 7 am to 6 pm.[18] Data analysis of the study 
was performed using Statistical Package for Social Science 
(SPSS) software (version 18; SPSS Inc., Chicago IL). For 
analysis of distribution individual characteristics related 
to work between shift workers and day workers, the Chi-
square test for categorical variables and independent t-test 
for continuous variables were used. Then, the effect of shift 
work in the onset of metabolic syndrome after controlling 
for age, gender, education level, marital status, employment 
status, work experience, and length of follow-up, was carried 
out using logistic regression model. A P value <0.05 was 
considered significant.

results

In this study, out of 2100 cases, 71 cases (38.3%) because their 
initial examinations had shown IFG (>100), 27 (29.1%) due 
to high BP (systolic BP >140 and diastolic BP >90 mm Hg), 
46 cases (19.2%) due to high TG levels (>150) and 12 cases 
(57.0%) due to lack of the regular shift work schedule were 
excluded from the study. Finally, the study was conducted 
on 1944 participants. In the present study, the mean age of 
day workers and shift workers were 38.2 ± 9.4 and 34.5 ± 7.5 
respectively. Each person on average had been followed every 
4.3 ± 2.1 years. Because the number of women participating 
in the study was low (56 participants), they excluded from 
the final analysis and the analysis was conducted only on 
men. Evaluated variables during employment are separately 
described based on shifts in Table 1. Among the components 
of metabolic syndrome, initial analysis showed that the mean 
TG, BMI, total cholesterol, and systolic BP was higher in 
day workers than shift workers, but the difference of these 
variables between two groups was not significant. The mean 
fasting blood glucose, urea and diastolic BP was higher in 
shift workers than day workers, but the difference was not 
significant (P value > 0.05) [Table 1].

Although, compared to shift workers a greater percentage 
of the day workers had metabolic syndrome components 
[Table 2], but the relative risk (RR) of day workers on any 
of the components of the metabolic syndrome was not 
significant (P value > 0.05). Based on the logistic regression 
model, combination 3 of the shift work showed a significant 
reveres relation with the metabolic syndrome (P value = 0.04). 

Furthermore, based on this model, shift work increases 
combination 2 and 4 of metabolic syndrome 66% and 6% 
respectively, but this increase was not significant (RR = 
1.66, 95%CI; 0.81-3.37 and RR = 1.06, 95%CI; 0.72-1.58, 
respectively). Other components of metabolic syndrome had 
an inverse relationship with shift work, but the relationship 
was not significant [Table 3].

dIscussIon

After controlling for confounding variables including age, 
gender, education level, marital status, employment status, 
work experience, and length of follow-up, current study 
showed that shift working is not a predictive factor for the 
development of the metabolic syndrome.

There was no significant correlation between the hypertension 
and shift work in our study. This result is consistent with the 
Bacquer’s study and some cross-sectional studies that have 
shown no association between shift work and hypertension.[11-19]

Table 1: Baseline characteristics of the study population 
according to shift work
Variables Shift workers Day workers P value
Total 1224 720
Age (years) 34.4±7.5 38.2±9.4
Sex (%)

Male 1224 (100) 664 (92.2)
Female — 56 (7.8)

Educational level (%)
Diploma and lower 845 (69) 265 (36.8) 0.001
Associated degree 
and above

379 (31) 455 (63.2)

Marital status (%)
Married 662 (54.1) 474 (65.8) 0.001
Unmarried 562 (49.9) 246 (34.2)

Job (%)
Official 32 (2.6) 86 (11.9)
Non-official 1192 (97.4) 634 (88.1)

IFG 86.1±13.5 85/2±11.4 0.18
TG (mg/dl) 135.5±63.3 136.6±64.1 0.71
BMI 25.8±4.1 26.5±13.6 0.10
Systolic BP (mmHg) 120.2±9.8 120.2±9.1 0.95
Diastolic BP (mmHg) 79.1±6.5 78.6±6.1 0.25
Urea (mg/dl) 26.9±5.6 26.6±5.1
Cholesterol (mg/dl) 163.3±31 164.2±30.7 0.53
IFG: Impaired fasting glucose, TG: Triglyceride, BMI: Body mass index, BP: Blood 
pressure

Table 2: Relative risk of shift work on components of the metabolic syndrome using logistic regression with 
control variables, age, sex, educational level, marital status, job status, work experience, and length of follow
Variables Day workers  

no. (%)
Shift workers  

no. (%)
P value Relative  

risk
Confidence interval  

(%95 CI)
IFG 207 (28.8) 312 (25.5) 0.31 0.88 0.7-1.13
TG 382 (53.1) 661 (53) 0.93 1.01 0.81-1.25
BMI 189 (26.3) 307 (25.1) 0.81 0.97 0.76-1.25
BP 121 (16.8) 217 (17.7) 0.91 1.01 0.76-1.35
Micro-albuminuria 75 (10.4) 118 (9.6) 0.38 0.85 0.6-1.22
Cholesterol 209 (29) 315 (25.7) 0.63 0.94 0.73-1.2
IFG: Impaired fasting glucose, TG: Triglyceride, BMI: Body mass index, BP: Blood pressure
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A majority of studies in the Japanese have shown that 
compared to day workers, shift workers have a 10% higher 
BP over a period of 10 years.[20] However, the results of 
different studies are contradictory in relation to BP and 
shift work.[21] The results of current study is consistent with 
study of Karlsson et al., which was conducted among 27485 
participant in Sweden and other studies that result indicated 
no statistically significant differences in the both mean 
systolic and diastolic BP.[16,22,23]

In case of TGs, some studies have shown that TG levels 
were not statistically different among shift workers and day 
workers.[16-24] This is consistent with our study, however, 
some population-based studies have shown that shift work 
could cause the high prevalence of elevated TGs.[11-19] It is 
also revealed that the shift work independent of the diet is 
associated with increased levels of TGs,[25] this is in contrast 
to the results of our study. One reason for this inconsistency 
in the results of the studies in comparison with our study 
could be due to variation in circadian rhythms for TGs 
and blood sampling from individuals measured at different 
times.[26]

This study also showed that the presence of obesity is not 
significantly different between shift workers and day workers 
that is not consistent with the results of two recent cohort 
studies.[27,28]

In addition, a cohort study conducted on men aged 40-59 
in Denmark indicated that there is a relation between shift 
work and increased body weight after controlling for socio-
economic status.[29] Although these findings is not consistent 
with the results of the study conducted by Nakamura et al. 
that revealed there was not statistically significant difference 
between body weights of shift workers and day workers.[24] For 
justification of this matter can infer to insufficient matches 
of potentially confounder variables such as socioeconomic 
factor. Furthermore, it can be noted about the follow-up 
period that affect the body weight changes, this has been 
shown by Amelsvoort who noted that the early reaction 
to shift is body weight loss, but the next reaction in the 
long period is high body weight. In general, contradictory 

results of previous studies can be due to different follow-up 
durations.

Although defect in spreading fats and abdominal obesity 
have been frequently displayed in shift workers, there are 
few studies, which have shown glucose metabolism disorders 
associated with shift work. In the current study, blood fasting 
sugar in the shift workers was not less than day workers; this 
result is not consistent with results from a 14 year cohort 
study in Japan male workers, which revealed that shift work is 
an independent risk factor for abnormality in metabolism of 
glucose.[30] This should be kept in mind that the definitions 
of shift work are different in different studies. Likewise, the 
type of work that shift workers engaged in can affect these 
results 3-rotation shift work personnel in Polyacryl that 
experience night shift work have a more comfort service 
and lack of inspection as equal as with day shifts that could 
be a justification for reducing the components of metabolic 
syndrome in these individuals. On the other hand, 2-rotation 
shift workers fully perform their works in the day time. 
Furthermore, Shift workers in some studies have a higher 
age than the day workers.[31,32] In this study, we combined 
the 2-rotation and 3-rotation shift workers as a shift work 
personnel. Therefore, this new definition of shift work and 
also differences in characteristics between shift workers 
and day workers could be explained the relation between 
metabolic syndrome and shift work.

One of the advantages of this study is that for metabolic 
syndrome, different combinations were considered. 
Collectively, six different triple combinations of components 
of metabolic syndrome were evaluated. Relation of shift work 
with these six components was analyzed and roughly no 
study similar to this study in the world has been performed. 
These results show that shift work has a negative relation 
with combination 3 (IFG, High BP, Micro-albominurea+) 
Furthermore, in some studies relation of the shift work have 
been shown with incidence of diabetes disease, although this 
relation had been very weak and have not been independent 
of BMI and life-style subjects study.[33,34] Working as a shift 
worker especially during the night affects the quality and 
quantity of sleeping and based on the recent studies sleep 

Table 3: Relative risk of shift work on different combinations of the metabolic syndrome using logistic regression 
with control variables, age, sex, educational level, marital status, job status, work experience, and length of 
follow
Metabolic syndrome 
combination*

Day workers  
no. (%)

Shift workers  
no. (%)

P value Relative risk Confidence interval  
(%95 CI)

Combination (1) 34 (4.7) 38 (3.1) 0.3 0.74 0.42-1.29
Combination (2) 14 (1.9) 40 (3.3) 0.16 1.66 0.81-3.37
Combination (3) 9 (1.3) 4 (0.3) 0.04 0.24 0.06-0.94
Combination (4) 60 (8.3) 102 (8.3) 0.75 1.06 0.72-1.57
Combination (5) 9 (1.3) 6 (0.5) 0.21 0.46 0.14-1.57
Combination (6) 12 (1.7) 14 (1.1) 0.85 0.91 0.36-2.23
Metabolic syndrome 138 (19.2) 202 (16.5) 0.55 0.92 0.70-1.22
*Combination 1 (IFG, high BP, high TG), Combination 2 (IFG, high BP, high BMI), Combination 3 (IFG, high BP, micro-albominurea+), Combination 4  
(IFG, high TG, high BMI), Combination 5 (IFG, high BMI, micro-albominurea+), Combination 6 (IFG, micro-albominurea+, high BMI), IFG: Impaired fasting glucose,  
TG: Triglyceride, BMI: Body mass index, BP: Blood pressure
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problems may be related to the development of metabolic 
syndrome and some of its components.[35,36] In current 
study, although more percentage of the shift workers had 
components of metabolic syndrome than the day workers, but 
RR of shift workers was not significant for all components of 
metabolic syndrome. This result is not consistent with other 
performed studies.[14] It should emphasis that the results of 
the present study may be affected by health workers effect. 
This may affect the power of relationship between shift 
work and the metabolic syndrome. In addition, about the 
limitations of our study can refer to lack of information such 
as smoking status, body activity, and diet.

conclusIon

Basis on the findings of this study, shift work cannot to be the 
cause of high incidence of the metabolic syndrome; however, 
significantly decreased risk for developing combination 3.

acknowledgMent

This article is the result of MSc. Thesis approved in the Isfahan 
University of Medical Sciences (IUMS). The authors wish to 
acknowledge to Vice Chancellery of Research of IUMS for the 
financial support, Research Project, 391221.

references

1. Paoli P, Merillie D. Third European Survey on Working Conditions 
2000, European Foundation for the Improvement of Living and Working 
Conditions. Luxembourg: Office for Official Publication for the European 
Communities; 2001.

2. Tüchsen F, Hannerz H, Burr H. A 12 year prospective study of circulatory 
disease among Danish shift workers. Occup Environ Med 2006;63:451-5.

3. Fujino Y, Iso H, Tamakoshi A, Inaba Y, Koizumi A, Kubo T, et al. 
A prospective cohort study of shift work and risk of ischemic heart 
disease in Japanese male workers. Am J Epidemiol 2006;164:128-35.

4. Bøggild H, Knutsson A. Shift work, risk factors and cardiovascular 
disease. Scand J Work Environ Health 1999;25:85-99.

5. Frost P, Kolstad HA, Bonde JP. Shift work and the risk of ischemic heart 
disease-a systematic review of the epidemiologic evidence. Scand J Work 
Environ Health 2009;35:163-79.

6. Hampton SM, Morgan LM, Lawrence N, Anastasiadou T, Norris F, 
Deacon S, et al. Postprandial hormone and metabolic responses in 
simulated shift work. J Endocrinol 1996;151:259-67.

7. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic 
and endocrine function. Lancet 1999;354:1435-9.

8. Scheen AJ, Van Cauter E. The roles of time of day and sleep quality 
in modulating glucose regulation: Clinical implications. Horm Res 
1998;49:191-20.

9. Theorell T, Akerstedt T. Day and night work: Changes in cholesterol, 
uric acid, glucose and potassium in serum and in circadian patterns of 
urinary catecholamine excretion. A longitudinal cross-over study of 
railway workers. Acta Med Scand 1976;200:47-53.

10. Haffner SM. Epidemiology of insulin resistance and its relation to 
coronary artery disease. Am J Cardiol 1999;84:11J-4.

11. Sookoian S, Gemma C, Fernández Gianotti T, Burgueño A, Alvarez A,  
González CD, et al. Effects of rotating shift work on biomarkers of 
metabolic syndrome and inflammation. J Intern Med 2007;261:285-92.

12. Ha M, Park J. Shiftwork and metabolic risk factors of cardiovascular 
disease. J Occup Health 2005;47:89-95.

13. Li Y, Sato Y, Yamaguchi N. Shift work and the risk of metabolic 
syndrome: A nested case-control study. Int J Occup Environ Health 
2011;17:154-60.

14. De Bacquer D, Van Risseghem M, Clays E, Kittel F, De Backer G, 
Braeckman L. Rotating shift work and the metabolic syndrome: A 
prospective study. Int J Epidemiol 2009;38:848-54.

15. Esquirol Y, Bongard V, Mabile L, Jonnier B, Soulat JM, Perret B. Shift 
work and metabolic syndrome: Respective impacts of job strain, physical 
activity, and dietary rhythms. Chronobiol Int 2009;26:544-59.

16. Karlsson B, Knutsson A, Lindahl B. Is there an association between shift 
work and having a metabolic syndrome? Results from a population based 
study of 27,485 people. Occup Environ Med 2001;58:747-52.

17. Pan WH, Yeh WT, Weng LC. Epidemiology of metabolic syndrome in 
Asia. Asia Pac J Clin Nutr 2008;17 Suppl 1:37-42.

18. Monk TH, Folkard S. Making Shiftwork Tolerable. 1st ed.  Washington, 
DC: Taylor & Francis, CRC Press; 1992. p. 4-5.

19. Karlsson BH, Knutsson AK, Lindahl BO, Alfredsson LS. Metabolic 
disturbances in male workers with rotating three-shift work. Results of 
the WOLF study. Int Arch Occup Environ Health 2003;76:424-30.

20. Shiwaku K, Nogi A, Kitajima K, Anuurad E, Enkhmaa B, Yamasaki M, 
et al. Prevalence of the metabolic syndrome using the modified ATP III 
definitions for workers in Japan, Korea and Mongolia. J Occup Health 
2005;47:126-35.

21. Peter R, Alfredsson L, Knutsson A, Siegrist J, Westerholm P. Does a 
stressful psychosocial work environment mediate the effects of shift 
work on cardiovascular risk factors? Scand J Work Environ Health 
1999;25:376-81.

22. Knutsson A, Akerstedt T, Jonsson BG. Prevalence of risk factors for 
coronary artery disease among day and shift workers. Scand J Work 
Environ Health 1988;14:317-21.

23. Sfreddo C, Fuchs SC, Merlo AR, Fuchs FD. Shift work is not associated 
with high blood pressure or prevalence of hypertension. PLoS One 
2010;5:e15250.

24. Nakamura K, Shimai S, Kikuchi S, Tominaga K, Takahashi H, Tanaka 
M, et al. Shift work and risk factors for coronary heart disease in Japanese 
blue-collar workers: Serum lipids and anthropometric characteristics. 
Occup Med (Lond) 1997;47:142-6.

25. Romon M, Nuttens MC, Fievet C, Pot P, Bard JM, Furon D, et al. 
Increased triglyceride levels in shift workers. Am J Med 1992;93:259-62.

26. Rivera-Coll A, Fuentes-Arderiu X, Díez-Noguera A. Circadian rhythmic 
variations in serum concentrations of clinically important lipids. Clin 
Chem 1994;40:1549-53.

27. Niedhammer I, Lert F, Marne MJ. Prevalence of overweight and weight 
gain in relation to night work in a nurses’ cohort. Int J Obes Relat Metab 
Disord 1996;20:625-33.

28. Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Speizer 
FE, et al. Prospective study of shift work and risk of coronary heart 
disease in women. Circulation 1995;92:3178-82.

29. Bøggild H, Suadicani P, Hein HO, Gyntelberg F. Shift work, social 
class, and ischaemic heart disease in middle aged and elderly men; a 
22 year follow up in the Copenhagen Male Study. Occup Environ Med 
1999;56:640-5.

30. Suwazono Y, Dochi M, Oishi M, Tanaka K, Kobayashi E, Sakata K. 
Shiftwork and impaired glucose metabolism: A 14-year cohort study on 
7104 male workers. Chronobiol Int 2009;26:926-41.

31. Suwazono Y, Dochi M, Sakata K, Okubo Y, Oishi M, Tanaka K, et al. 
Shift work is a risk factor for increased blood pressure in Japanese men: 
A 14-year historical cohort study. Hypertension 2008;52:581-6.

32. Dochi M, Sakata K, Oishi M, Tanaka K, Kobayashi E, Suwazono Y. 
Relationship between shift work and hypercholesterolemia in Japan. 
Scand J Work Environ Health 2008;34:33-9.

33. Suwazono Y, Sakata K, Okubo Y, Harada H, Oishi M, Kobayashi E,  
et al. Long-term longitudinal study on the relationship between alternating 

[Downloaded free from http://www.ijehe.org on Friday, February 3, 2023, IP: 5.238.148.9]



Rejali, et al.: Relative risk of metabolic syndrome

International Journal of Environmental Health Engineering  |  Vol. 2  •  Issue 4  |  July-August 20136

shift work and the onset of diabetes mellitus in male Japanese workers. 

J Occup Environ Med 2006;48:455-61.

34. Kroenke CH, Spiegelman D, Manson J, Schernhammer ES, Colditz 

GA, Kawachi I. Work characteristics and incidence of type 2 diabetes 

in women. Am J Epidemiol 2007;165:175-83.

35. Wolk R, Somers VK. Sleep and the metabolic syndrome. Exp Physiol 

2007;92:67-78.

36. Jennings JR, Muldoon MF, Hall M, Buysse DJ, Manuck SB. Self-
reported sleep quality is associated with the metabolic syndrome. Sleep 
2007;30:219-23.

Source of Support: Isfahan University of Medical Sciences, Conflict 
of Interest: None declared.

[Downloaded free from http://www.ijehe.org on Friday, February 3, 2023, IP: 5.238.148.9]


