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Higher prevalence of metabolic syndrome among male
employees of a gas refinery than in their counterparts in
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Background: Occupation and working conditions may affect the risk of developing metabolic syndrome (MetS),
an important risk factor for diabetes and cardiovascular disease (CVD).

Objective: To investigate the prevalence of MetS and its risk factors in employees in an industrial workplace
and compare them with those in employees from a nonindustrial setting.

Methods: Male employees (n = 757) from a gas-refinery and 2700 adult men from the general population of whom
750 were nonindustrial employees (Khorasan province, Iran), were evaluated for CVD risk factors, including
those used to define MetS. Individuals were matched for age and educational attainment, and 670 industrial and
681 nonindustrial employees were included in the final analysis. International Diabetes Federation (IDF) and
Adult Treatment Panel (ATP) Il criteria were used for diagnosis of MetS. We compared MetS and its risk factors
between the two groups.

Results: There were more gas refinery employees with a body mass index > 30 kg/m2, abdominal obesity, and a
high fasting blood glucose level than nonindustrial employees (P < 0.01). A diagnosis of MetS was significantly
more likely in refinery workers than in nonindustrial employees (OR 1.38, 95% CI 1.10 to 1,737; P = 0.005).
Scores of IDF and ATP 111 criteria in the refinery employees were significantly higher than for the nonindustrial
employees (P < 0.01). The prevalence of hypertriglyceridemia in the refinery employees tended to be higher
than in nonindustrial employees, but the difference was not quite significant (P = 0.052). Blood pressure in
nonindustrial employees was significantly higher than in refinery employees (P < 0.001).

Conclusions: The prevalence of MetS among male gas refinery employees was higher than for male nonindustrial
employees.
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Cardiovascular disease (CVD) is a major cause
of mortality and morbidity worldwide. Metabolic
syndrome (MetS), an important risk factor for CVD,
is associated with a 2-fold increase in consequences
of CVD and 1.5-fold increase in the total mortality [1,
2]. The term MetS refers to a clustering of CVD risk
factors including abdominal obesity, high blood

pressure, high blood glucose, high levels of blood
triglycerides, and low levels of high density lipoprotein
(HDL) cholesterol [3].

Work place and working conditions can affect an
employee’s lifestyle including dietary intake, physical
activity, sleep pattern, and their hobbies [4]. An
inappropriate lifestyle is one of the most important
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risk factors for MetS and CVD [5, 6]. Air pollution
is another risk factor that can increase the risk of
metabolic disorders. Recent epidemiological and
experimental studies have reported an association
between increased level of air pollution with insulin
resistance, weight gain, and obesity [7-9]. Air pollution
is higher in some industrial work environments,
including those of the gas and petrochemical industries.
This may also increase the risk of MetS and CVD
among employees of those workplaces [10-12].

Few studies have assessed the health of
employees in industrial workplaces. However, the
working conditions of industrial workplace can have
a significant impact on the lifestyle and health of
employees [4, 13]. In the present study, we assessed
the prevalence of MetS and its components in
industrial workplace employees from a gas refinery
in Sarakhs, compared with nonindustrial employees,
living in Mashhad, Khorasan province, Iran.

Gas refinery male employees

n=757

Match the age and
education between
the two groups.

¥

Methods

Male employees of the Shahid Hasheminejad
Gas Company of Khangiran gas refinery in Sarakhs
(n = 757) and 2700 male individuals of the general
population in Mashhad (Khorasan province, Iran), of
whom 750 were selected as nonindustrial employees,
were randomly selected from our male population
and investigated for a number of CVD risk factors,
including those used to define MetS. Each man in the
general populations was assigned a number, and with
asimple draw from 1 to 10, the number 3 was selected
as the basis for starting the sampling, which proceeded
at intervals of 3 (i.e. 3, 6, 9, 12 and so on) until all
participants were assigned. The nonindustrial
employees had administrative or service jobs in public
nonindustrial workplaces in Mashhad city. The
participants were matched for age (with an average
age of 45 years) and educational attainment, and 670
industrial employees and 681 nonindustrial employees
were included in the final data analysis. The flowchart
of participants is shown in Figure 1. This study was
conducted between May and December 2010.

Working male volunteers from the general
population of Mashhad

Excluding volunteers with
free and nonemployment
jobs (n=1703)

A
Excluding employees
without the inclusion
b criteria (n = 247)

Figure 1. Flowchart of participants
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Ethical considerations were in accordance with
ethical standards of ethics committee of Mashhad
University of Medical Sciences (Record No. IR.
MUMS.REC.1389.83; Ref. 203356) following the
contemporary revision of the Declaration of Helsinki.
All individuals knowingly and voluntarily participated
in this study and signed a written consent form.

Individuals who were employed at the time of
study (having a full-time job; at least 37.5 hours per
week), within the age range of 25-70 years old and
were apparently healthy, without a history of chronic
and systemic disease, were selected for this study.
The results of pre-employment health screening of
the employees had supported their health status at
the recruitment time. All participants who were
unwilling to continue to take part in the study for any
reason, those who were self-employed, and those
who had chronic and systemic diseases, or did not
cooperate for anthropometric and biochemical
assessment, were excluded. International Diabetes
Federation (IDF) criteria and Adult Treatment Panel
I11 (ATP 1) criteria were used to assess the risk
factors for MetS (Figures 2 and 3).

Participant characteristics and demographic
information

Anthropometric assessments including of height,
weight, waist and hip circumference were made.
Demographic information such as age, education, and

Central obesity; (BMI

=30 or waist Two risk
circumference 294 cm + factors of
in men).

g
\
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clinical history was recorded using a questionnaire.
Standing height was measured without shoes (cm)
using a wall-mounted stadiometer. Maximum hip
circumference and minimum waist circumference
(between below the chest and above the navel) were
measured as hip and waist circumferences. Blood
pressure in all participants was measured with the
participant in a sitting position using the right arm of
the participant who was rested for at least 15 min
before blood pressure measurements.

Blood sampling and laboratory tests

Blood samples were taken in the morning after
12 h of fasting. After centrifugation, the isolated sera
were stored at —80°C until the relevant tests were
conducted. Fasting blood-glucose (FBG) levels, serum
triglyceride (TG), and high-density lipoprotein (HDL)
were measured using routine laboratory protocols
with appropriate commercial Kits.

Statistical analyses

All statistical analyses were performed using
SPSS for Windows (version 16, SPSS Inc).
Comparisons were performed using an independent
sample t test, Mann—-Whitney U test, x? test, or
binary logistic regression were conducted depending
on the distribution and type of the data. P < 0.05 was
considered as significant.

TG 2150 mg/dL

FBG 2100 mg/dL

Blood pressure =130/85 mmHg
HOL =40 mg/dL in men

Figure 2. The diagnosis of metabolic syndrome by International Diabetes Federation criteria. BMI, body mass index;
TG, triglycerides; FBG, fasting blood-glucose level; HDL, high-density lipoprotein.

Waist circumference =102 cm in men

Risk factors
for MetS

/1

TG 2150 mg/dL
FBG 2100 mg/dL

Blood pressure =130/85 mmHg

HDL<40 mg/dL in men

Figure 3. The diagnosis of metabolic syndrome by Adult Treatment Panel 111 criteria. BMI, body mass index; TG, triglycerides;
FBG, fasting blood-glucose level; HDL, high-density lipoprotein.
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Results

We included 670 male employees of a gas refinery
in Sarakhs, Iran, and 681 nonindustrial male employees
from Mashhad who participated in the present study
(Figure 1). The age range and education level of
the 2 groups were similar (Table 1, P > 0.05).
Anthropometric indices of obesity including body mass
index, waist circumference, and waist-to-hip ratio of
the refinery employees were significantly higher than
those of their nonindustrial employee counterparts
(P <0.01, Table 1). FBG in the refinery employees
was significantly higher than in the nonindustrial
employees (Table 1, P <0.001). The serum TG level
of the refinery employees tended to be higher than
that of nonindustrial employees, but the difference
was not quite significant (P = 0.052, Table 1). Blood
pressure in the nonindustrial employees was
significantly greater than in the refinery employees
(P < 0.001, Table 1). The prevalence of MetS by

Table 1. Characteristics of the participants in the study

either the IDF or ATP Il criteria was significantly
higher in the refinery employees than nonindustrial
employees (P < 0.001, Table 2). Scores of both IDF
and ATP 1l criteria in the refinery employees were
significantly higher than for nonindustrial employees
(P < 0.01 Table 2).

There were significantly more men with obesity,
abdominal obesity, and high blood glucose working as
refinery employees than among the nonindustrial
employees (P < 0.01 Table 2). However, there were
less men with hypertension among the refinery
employees than among the nonindustrial employees
(P <0.001, Table 2).

Binary logistic regression was performed to
determine the association between the kind of
employee (gas refinery or nonindustrial employee) and
MetS. Gas refinery employees had a greater chance
of having MetS than nonindustrial employees (OR
1.38,95% CI 1.10 to 1,737; P = 0.005).

Nonindustrial
employees (n =681)

Age (y) 451+6.3
Education attainment* 3(3-5)
Weight (kg) 76.37+12.02
Height (cm) 169.9+6.7
BMI (kg/m?) 26.47£3.90
Waist circumference (cm) 93.0+£9.9
Hip circumference (cm) 101.4+7.2
Waist/hip ratio 0.91+0.06
FBG (mg/dL) 87.7+£335
TG (mg/dL) 128 (84-182)
HDL-C (mg/dL) 40.18+9.73
Systolic BP (mmHg) 119.6+15.9
Diastolic BP (mmHg) 79.5+10.7

Gas refinery P
employees (n =670)

450+75 0.87
3(3-5) 0.17
79.46+12.03 <0.001
1705+6.6 0.077
27.33+3.78 <0.001
95.8+9.6 <0.001
103.3+£9.0 <0.001
0.93£0.15 0.01
102.3+31.1 <0.001
134 (95-190) 0.052
40.56+11.47 051
115.8+14.8 <0.001
772499 <0.001

*1, High school diploma or less; 2, associate degree and bachelor degree; 3 Masters and PhD; 4, religious education.
BMI, body mass index; FBS, fasting blood glucose; TG, serum triglycerides; HDL-C, high-density lipoprotein cholesterol;
BP; blood pressure. Values are expressed as mean * standard deviation, and median and interquartile range (Q1-Q3).
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Table 2. Comparison of the prevalence of metabolic syndrome between the two groups

Nonindustrial Gas refinery P

employees (n =681) employees (n=670)
Metabolic syndrome (by the IDF criteria) 29.8% (n=203) 37% (n=248) 0.005
Metabolic syndrome (by the ATP 111 criteria) 18.2% (n=124) 25.8% (n=173) 0.001
IDF score >3 32.6% (n=222) 40% (n=268) 0.005
ATP Il score >3 18.2% (n=124) 25.8% (n=173) 0.001
Frequency of the metabolic syndrome features between groups

Nonindustrial Gas refinery P

employees (n=681) employees (n=670)
Waist circumference >94 cm 48.5% (n=330) 61.8% (n=414) <0.001
Waist circumference 2102 cm 18.3% (n=124) 24.4% (n=162) 0.006
BMI >30 (K/m?) 17.2% (n=117) 22.8% (n=153) 0.008
TG 150 mg/dL 38.5% (n=262) 42.2% (n=283) 0.18
BP 130/85 (mmHg) 35.2% (n=240) 23.3% (n=156) <0.001
BP 140/90 (mmHg) 24.8% (n=169) 16.4% (n=110) <0.001
FBG 100 mg/dL 12.3% (n=84) 29.6% (n=198) <0.001
HDL-C <40 mg/dL 56.8% (n=387) 56.3% (n=377) 0.82

IDF, International Diabetes Federation; ATP, Adult Treatment Panel; BMI, body mass index; TG, serum triglycerides; BP;
blood pressure; FBS, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol.

Discussion

The results of the present study showed that the
prevalence of MetS and obesity were higher in the
gas refinery employees than the nonindustrial
employees. Several previous studies have suggested
the importance of occupational health promotion for
increasing employees’ performance [14-16], but there
are few studies about health of industrial employees.

Schultz and his colleagues studied the prevalence
of MetS in 4188 employees of a midwestern U.S.
manufacturing company. In their study, 30% of
employees met the criteria for MetS based according
to ATP IlI criteria. They also reported an increased
risk of MetS increases the risk of other health
problems and financial losses because of increased
health care costs and declining employee performance
[13]. They suggested there is a need to pay more
attention to the health of the factory workers, and
proposed planning for health promotion, screening, and
clinical care of employees at risk. Our present study
was a comparison of the prevalence of MetS between
industrial and nonindustrial employees. The results of
our study also suggest that there is a need to pay more
attention to the health of workers in an industrial
workplace.

Tsai and his colleagues studied the prevalence of
MetS in 4666 Taiwanese high-tech industry workers,

according to World Health Organization criteria [17].
They reported that the prevalence of MetS was about
8% and was higher in men. This prevalence of MetS
was less than in the general population of Taiwan,
and they stated that this was probably because of
the lower age range of the employees compared with
the general population. We have avoided this problem
by using an age-matched comparator sample.
Thankappan and his colleagues evaluated MetS and
its risk factors in 2321 Indian industrial workers. The
overall prevalence of MetS found by their study was
28.4% according to the IDF criteria; however, they
did not compare industrial and nonindustrial employees
[18]. Kang and his colleagues studied the prevalence
of MetS and its components in 1545 Korean
employees. According to the ATP Il criteria, the
prevalence of metabolic syndrome was about 21%
in employee participants in their study. These
investigators suggested that more attention should be
paid to control and management of metabolic
syndrome in Korean workers. However, the type of
work place was not identified and no comparison was
made between different employees in their study [19].

Vangelova and colleagues studied the prevalence
of hypertension and dyslipidemia in 545 male industrial
workers within an environment that was both noisy
and hot [20]. They reported that noise exposure was
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associated with increased blood pressure. In a further
study, Vangelova and colleagues examined the
relationship between the hot environment and
dyslipidemia [21]. Their results showed that the
warm weather in the workplace was associated with
an increased risk of dyslipidemia. Gas refinery
workers in our present study are also exposed to a
hot environment, but not so much to noise. The
prevalence of dyslipidemia in the gas refinery
employees was higher than for the nonindustrial
workers in our present study, and this is consistent
with findings of Vangelova and colleagues.

In our present study, blood glucose of industrial
workers was significantly higher than in nonindustrial
employees. Previous studies have suggested
associations between air pollution and pancreatic
B-cell dysfunction, insulin resistance, and diabetes
[22, 23]. Recent evidence suggests that environmental
toxins including persistent organic pollutants can affect
mitochondrial function and subsequently cause insulin
resistance [7]. Environmental pollutants may also
affect endocrine regulation of metabolism, and likely
increase the chances of weight gain and obesity [8].

In our present study, the mean blood pressure
of the gas refinery workers and prevalence
of hypertension were less than in nonindustrial
employees. Stress is an important cause of
hypertension and some previous studies have shown
that there is a significant association between
socioeconomic status, stress, and blood pressure levels
[24-27, 30]. Gas refinery employees in Iran generally
receive a higher salary and better facilities than
employees in the general population. A better
socioeconomic status is likely to be effective in reducing
their stress and blood pressure. This hypothesis has
not been evaluated in our present study, but warrants
further investigation.

The main advantage and innovation of the present
study compared with previous studies are the
comparison of MetS and its components between
industrial and nonindustrial employees. The main
limitations of this study are that it cannot evaluate
possible causes of increased risk of MetS including
lifestyle of the employees, nor did it examine the
association between their ethnicity or origin.

Our study has limitations including a lack of
evaluation of employees’ lifestyle including their
physical activity and diet, and we recommend
comparison of the employees’ lifestyles for the future

studies. Another limitation was that the study was not
designed to assess the risk, risk factors, or severity
of risk factors, and further studies are recommended
to identify them. An investigation to find the causes
of the higher blood pressure in the nonindustrial
employees is warranted.

In summary, the results of our study showed that
MetS and its components in the gas refinery industrial
employees were significantly more prevalent than in
nonindustrial staff. Previous studies have shown that
air pollution and industrial chemical pollutants may be
associated with increased risk of metabolic disorders
and CVD [9, 28, 29]. Possible causes of the higher
prevalence of MetS in the industrial employees are
inappropriate diet and poor lifestyle, including
inadequate physical activity and inappropriate sleep
patterns. Industrial working conditions and a hot
environment may exacerbate these underlying causes
of MetS.

We recommend more comprehensive and
detailed studies and measurement of the amount of
chemical pollutants in the environmental air and in the
participant’s blood samples in future studies. This is
needed to evaluate the association between MetS risk
factors and levels of contaminants in the blood. In
addition, it may be useful to evaluate the relationship
between blood levels of contaminants and disturbance
of weight-controlling hormones in future studies.
We also recommend comparison of the lifestyle of
the employees and investigating the possible causes
of lower blood pressure in the gas refinery staff
compared with nonindustrial employees.
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