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Abstract: Workers may sometimes do the same work, but differ in their risk of health-related
problems depending on whether the employment type is standard or non-standard. Furthermore,
even with similar job and employment types, there may be differences in risk factors for health-related
problems depending on sex. This study aimed to determine the prevalence of metabolic syndrome
(MetS) by employment type and sex using data from the Fifth Korean National Health and
Nutrition Examination Survey (KNHANES V) (2010-2012) and KNHANES VI (2013-2015) conducted
by the Korea Centers for Disease Control and Prevention. Overall, 9523 adult wage workers
(5523 standard workers and 4000 non-standard workers) aged > 19 years were analyzed. To determine
MetS prevalence odds ratios according to employment type, logistic regression analysis was
performed disaggregated by sex. The prevalence of MetS significantly increased with age (p < 0.001),
being married (p < 0.05), current smoking status (p < 0.05), and high-risk drinking (p < 0.001)
among male subjects. The prevalence of MetS significantly increased among female manual workers
(p < 0.001), those with lower educational level and household income (p < 0.001). Non-standard
workers of either sex showed higher MetS prevalence than standard workers; only females
showed significant difference (p < 0.001). Female non-standard workers showed 1.44, 1.33,
and 1.34 (all p < 0.001) times higher odds of MetS prevalence in Models 1, 2, and 3, respectively,
compared to standard workers, suggesting a difference in risk factors of MetS according to sex. Also,
that employment type affects MetS prevalence suggests that employment pattern is an important
risk factor especially in females. Therefore, to manage MetS in female non-standard workers,
individual health care as well as social effort may be necessary.
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1. Introduction

Since the 2008 financial crisis, economic uncertainty has persisted throughout the world and this
has resulted in continual job instability [1]. In Korea, unstable jobs such as non-standard employment
began to emerge during the International Monetary Fund (IMF) economic crisis in 1997, and this trend
has continued to this day [2]. Non-standard workers are mostly employed under working conditions
with low wage levels and are treated differently regarding wages, including incentives and welfare
benefits [3]. In addition, many non-standard workers have more than one job due to the low wages,
and work during the weekend or late [4]. Long work hours, irregular lifestyle, and high risk of job stress
exposure among non-standard workers seriously threatens their health and safety [4,5]. Long working
hours or high occupational stress cause short-term problems such as stress, fatigue, lack of sleep,
smoking, excessive drinking, and lack of exercise, leading to long-term problems such as digestive
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diseases, urogenital diseases, musculoskeletal diseases, and mental diseases [6]. The abovementioned
short and long-term problems may individually threaten the health of workers, and various problems
may be combined, resulting in chronic diseases.

Recently, the prevalence of metabolic syndrome (MetS) is rapidly increasing worldwide. The risk
factors for MetS include aging, physical inactivity, Western diet, sedentary work, long working hours,
and high occupational stress [7]. In other words, lifestyle and socioeconomic status are important
risk factors for MetS [8]. The factors associated with MetS are closely related to cardiovascular risk
factors or diabetes, including abdominal obesity, triglyceride levels, high-density lipoprotein (HDL)
cholesterol levels, hypertension, and fasting plasma glucose levels [9]. Risk factors for MetS can be
controlled and prevented through appropriate management. However, many non-standard workers
are exposed to multiple risk factors regarding improper health management due to lack of money
and time. In recent years, many studies have examined the differences among various occupational
groups such as manual workers, non-manual workers, office workers, and firefighters concerning
the effect of socioeconomic status on MetS [8,10-12]. In previous studies, there was no consensus on
the association between job type and MetS prevalence. However, there was a consensus regarding
a difference in risk factors affecting MetS prevalence according to sex [11,13,14]. However, even if
they have the same occupation, health-related characteristics of workers may differ depending on
whether the employment is standard or non-standard. Nevertheless, little research has been done on
the difference in MetS prevalence according to employment type. Therefore, in this study, we aimed to
determine the prevalence of MetS by employment type and by sex.

2. Materials and Methods

2.1. Subjects

This study used raw data from the Fifth Korean National Health and Nutrition Examination
Survey (KNHANES V) (2010-2012) and the KNHANES VI (2013-2015) conducted by the Korea Centers
for Disease Control and Prevention. A stratified multistage cluster probability sampling design was
used to select representative samples of denormalized Korean civilians. A trained investigator visited
subjects” homes directly for the standardized health evaluation and with a questionnaire. In order
to assess the association between MetS and full-time employment, we used data regarding wage
worker subjects aged 19 years or older with employment status. From 2010 to 2015, the final 9523
(5523 standard and 4000 non-standard) workers met the inclusion criteria, out of 48,482.

2.2. Definition of Variables

2.2.1. Metabolic Syndrome

The definition of MetS was based on the National Cholesterol Education Program Adult Treatment
Panel (NCEP ATP III) criteria, in which three or more of the following five risk factors were considered:
(1) abdominal obesity(defined for Koreans as a waist circumference of >90 cm in males and >85 cm
in females); (2) triglyceride level > 150 mg/dL; (3) HDL cholesterol level < 40 mg/dL in males and
<50 mg/dL in females; (4) systolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mmHg;
and (5) fasting plasma glucose level > 110 mg/dL [15].

For the measurement of waist circumference, the subject was allowed to comfortably rest his/her
arms on his/her waist while looking forward with his/her bare skin exposed. The lower end of the
last palpable rib and the upper points of the iliac crest on both sides were measured in the subject’s
midaxillary line. The subjects were asked to exhale; the tape was then pulled to such a point that the
skin was not pressed, and measured to one decimal place. Fasting blood glucose, HDL cholesterol,
and triglyceride levels were measured from blood samples. Blood pressure was measured using a
mercury sphygmomanometer. Prior to blood pressure measurement, subjects rested for 5 min; then the
blood pressure was measured once. They then rested for 30 s and the blood pressure was measured
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again. The average value was calculated from the two measurements. All measurements were made
in accordance with the National Health and Nutrition Examination Guidelines.

2.2.2. Job-Related Variables

In the sixth survey (2013-2015), we distinguished between standard and non-standard workers
using the variable “whether standard worker (EC_Wht_0)”. However, no similar variable existed
in the fifth survey (2010-2012) to confirm the standard worker status. Thus, standard and
non-standard workers were distinguished using the variables “working hours (EC_WH)” and
“employee status wage workers (EC_STT_2)”. Standard workers were defined as “full-time and
regular” workers. Non-standard workers were defined as “full-time and temporary”, “full-time
and daily”, “hourly and regular”, “hourly and temporary” or “hourly and daily workers” [16-18].
Non-manual and manual workers complied with the job classification of the Korean Standard
Classification of Occupations [18,19]. Those classified as non-manual workers were managers,
professionals, technicians, sales, and service workers. Those classified as manual workers were
those engaged in agriculture, forestry, fishery, manufacturing, construction, mining and soldiers.

2.2.3. Lifestyle-Related Variables

Smoking status was classified as current smoker, ex-smoker, and non-smoker. Ex-smoker referred
to a person who had smoked in the past but did not currently smoke, and a non-smoker referred to
a person who had never smoked. Drinking was classified into high risk, moderate, or non-drinking.
In Korea, high-risk drinking is defined as drinking more than 13 standard servings for men and over six
standard servings for women on a weekly basis [20]. High-risk drinking was used in reference to males
and females who drank more than 2-3 times in a week with more than 7-9 servings at a time and more
than 5-6 servings, respectively, at a time. In 2014 and 2015, physical activity was confirmed using the
practice rate of “aerobic physical activity”. In the data before 2013, there was no variable for the practice
rate of “aerobic physical activity”, “high-intensity physical activity time” and “moderate physical
activity time” were calculated according to the guideline on “aerobic physical activity practice rate”.
The “aerobic physical activity rate” guideline set the moderate physical activity for a week at more
than 150 min, or the high-intensity physical activity at 75 min or more, or the previous two physical
activities for a considerable amount of time. The denominator was set as the total number of subjects
aged 19 years or older. High-intensity physical activity at 1 min was calculated as 2 min of moderate
physical activity. Body mass index value was derived from the “anthropometric measurements”.
Stress was confirmed in four stages: “I feel stressed very much”, “I feel stressed a lot”, “I feel stressed
a little” and “I rarely feel stressed”. Depression was identified as a current disease.

2.2.4. Sociodemographic Characteristics

The sociodemographic characteristics of the subjects included age, educational level,
marital status, and household income level. Educational level is divided into “elementary school”,
“middle school”, “high school” and “>university”. Marital status was classified into “married”
if “married” or “living together” but as “others” regardless of the reason, if not living together.
Household income level was divided into four stages from the first to the fourth quartiles.
Data regarding the area of residence were identified in the results from Seoul to Jeju.

2.3. Statistical Analysis

In this study, a composite sample analysis was performed using raw data from the National
Health and Nutrition Examination Survey, which was extracted using a two-stage stratified sampling
design, rather than a simple random sample design. Stratification and cluster variables were applied
and the composite sample design was conducted by applying the questionnaire survey weight.
Frequency analysis was performed to report on the general characteristics and major variables of the
study subjects. Chi-square analysis was used to determine the prevalence of MetS according to the
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general characteristics and MetS prevalence according to full-time employment. Odds ratios (ORs)
were calculated by logistic regression analysis to determine the effects of age, lifestyle, and job-related
factors on the prevalence of MetS. All statistical analyses were conducted using SPSS version 22.0
(IBM corp., Armonk, NY, USA). A p value < 0.05 was considered statistically significant. The study
protocol was approved by the institutional review board of the Catholic University of Korea, College of
Medicine (approval ID: KC18ZESI0410).

3. Results

3.1. General Characteristics of Subjects Included in the Study to Determine Metabolic Syndrome Prevalence

The study subjects were wage workers aged 19 years and older including 5006 men (52.6%),
and 4517 women (47.4%), totaling 9523 workers. The prevalence of MetS differed significantly
according to age and sex and seemed to increase significantly, for both sexes, with increasing age
(p < 0.001). However, aside from age, other variables with significant differences in MetS prevalence
differed between male and female workers (Table 1).

Table 1. General characteristics of subjects included in the study to determine metabolic syndrome
prevalence (N = 9523).

Metabolic Syndrome, N (%)

Characteristics Men (1 = 5006) Women (n = 4517)
Yes No p Yes No p
Age (years) <0.001 <0.001
19-29 35(14.9) 211 (85.1) 14 (5.3) 315 (94.7)
30-39 288 (21.9) 1038 (78.1) 79 (17.2) 896 (90.9)
4049 406 (28.8) 1035 (71.2) 202 (17.2) 1079 (82.8)
50-59 364 (33.7) 752 (66.3) 322(28.1) 816(71.9)
60-69 196 (29.9) 478 (70.1) 245 (45.0) 300 (55.0)
>70 53 (23.9) 160 (76.1) 118 (48.0) 131 (52.0)
Education level 0.073 <0.001
<Elementary school 115 (28.0) 331 (72.0) 398 (41.0) 544 (59.0)
Middle school 147 (32.6) 306 (67.4) 160 (29.2) 368 (70.8)
High school 461 (26.6) 1212 (73.4) 303 (18.4) 1322 (81.6)
>University 619 (25.5) 1815 (74.5) 119 (8.7) 1303 (91.3)
Job type 0.244 <0.001
Non-manual worker 766 (27.4) 2010 (72.6) 454(15.3)  2388(84.7)
Manual worker 576 (25.7) 1654 (74.3) 526(29.6)  1149(70.4)
Marital status 0.019 0.271
Married 1247 (27.3) 3340 (72.7) 736 (19.9) 2810 (80.1)
Others 95 (21.0) 324 (79.0) 244 (21.8) 727 (78.2)
Household income level 0.386 <0.001
1st quartile 474 (27.7) 1221 (72.3) 208 (14.9) 1170 (85.1)
2nd quartile 435 (26.4) 1270 (73.6) 265 (18.8) 1117 (81.2)
3rd quartile 331 (25.0) 931 (75.0) 285(22.1)  862(77.9)
4th quartile 102 (29.5) 242 (70.5) 222 (34.5) 388 (65.5)
Smoking 0.003 0.273
Current smoker 596 (29.0) 1524 (71.0) 61 (22.4) 201 (77.6)
Ex-smoker 516 (25.9) 1394 (74.1) 36 (15.7) 166 (84.3)
Non-smoker 230 (22.6) 746 (77 .4) 883 (20.4) 3170 (79.6)
Drinking <0.001 0.882
High risk drinking 365 (34.2) 711 (65.8) 43 (20.2) 170 (79.8)
Moderate drinking or non-drinking 977 (24.4) 2953 (75.6) 937 (21.7) 3367 (78.3)
Physical activity 0.261 0.111
Yes 613 (25.8) 1680 (74.2) 336 (21.9) 1151 (78.1)
No 729 (27.4) 1984 (72.6) 644 (19.5) 2386 (80.5)

Data were analyzed using Pearson’s x test, p < 0.05.
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Males showed significant differences in MetS prevalence in lifestyle-related variables such as
smoking, drinking, and marital status. Among male subjects, MetS prevalence was significantly higher
among current smokers (p < 0.05), the high-risk drinking group (p < 0.001), and among the married
(p < 0.05). On the other hand, among female subjects, there were differences in socioeconomic variables.
Lower educational level (p < 0.001), household income (p < 0.001), and manual work (p < 0.001) were
related to a higher prevalence of MetS.

3.2. Metabolic Syndrome Prevalence According to Sex and by the Standard of Work

Among the male subjects, 3561 (71.1%) were standard workers and 1445 (28.9%) were
non-standard workers. The prevalences of MetS among standard and non-standard workers were
26.1% and 28.2%, respectively, and the proportion of non-standard workers was high. However,
there was no significant difference between the two groups. Among female subjects, 1962 (43.4%)
were standard workers and 2555 (56.4%) were non-standard workers. The prevalences of MetS
among the female subjects were 13.5% and 25.8% for standard and non-standard workers, respectively.
Non-standard workers showed a statistically significant difference in MetS prevalence compared to
standard workers (p < 0.001) (Table 2).

Table 2. Metabolic syndrome prevalence according to sex and by the standard of work.

Metabolic Syndrome, N (%)

Sex Employment Type Total p
Yes No
Standard workers 942 (26.4) 2619 (73.6) 3561 (100.0)
Male Non-standard workers 400 (28.2) 1045 (71.8) 1445 (100.0)  0.174
Total 1342 (26.6) 3664 (73.4) 5006 (100.0)
Standard workers 271 (13.5) 1691 (86.5) 1962 (100.0)
Female Non-standard workers 709 (25.8) 1846 (74.2) 2555 (100.0)  <0.001
Total 980 (20.3) 3537 (79.7) 4517 (100.0)

Data were analyzed using Pearson’s x? test, p < 0.05.

3.3. Factors Affecting Metabolic Syndrome

To determine the factors affecting MetS, logistic regression analysis was performed. The model
consisted of three stages. Models 1, 2, and 3were adjusted for age, lifestyle factors, and factors related
to economic activity, respectively. Regression analysis among male subjects showed that non-standard
employment status in all models did not increase MetS prevalence. Among female non-standard
workers, however, there was a 1.44 times increase in the risk of MetS in model 1 (OR = 1.44, p < 0.001),
1.33 times increase in risk in model 2 (OR = 1.33, p < 0.001), and 1.34 times increase in the risk in
model 3 (OR =1.34, p < 0.001) (Table 3).

Table 3. Prevalence odds ratios of factors affecting metabolic syndrome.

Modell * Model 2 ** Model 3 ***
Sex Standard Non-Standard Standard Non-Standard Standard Non-Standard
Workers Workers Workers Workers Workers Workers

Males Reference 0.97 (0.82-1.15) Reference 0.94 (0.78-1.15) Reference 0.97 (0.78-1.20)
Females Reference 1.44 (1.18-1.77) Reference 1.33 (1.07-1.65) Reference 1.34 (1.07-1.67)

* adjusted for age. ** adjusted for age, smoking, drinking, physical activity, BMI, stress, and depression. *** adjusted
for age, smoking, drinking, physical activity, BMI, stress, depression, household income, education level, job type,
marital status, and region. BMI, body mass index.
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4. Discussion

In recent studies, lifestyle-related factors such as age, unhealthy diet, and sedentary
lifestyle, as well as socioeconomic status and environmental factors such as job type,
occupational stress, and working hours have been reported as important causes of the increasing
MetS prevalence [7,8,21,22]. In this study, we analyzed the differences in MetS prevalence with
emphasis on employment type among the socioeconomic factors. As a result, MetS prevalence was
shown among non-standard workers to be higher than that among standard workers. In particular,
female subjects had a 1.34-fold higher risk of MetS prevalence among non-standard workers than
among standard workers. This is consistent with the results of a study in which the risk of hypertension
in non-standard female workers was 1.42 times higher than that of standard workers due to
employment type and sex differences in cardiovascular health [18]. Hypertension is one of the
risk factors for MetS, and might have affected the increased risk of MetS in female non-standard
workers. The results of this study showed that female workers were more affected by socioeconomic
factors than male workers. Among female workers, the lower the educational and household income
levels, the higher the prevalence of MetS. Low educational and household income levels could
cause differences in opportunities for workers to access health services and affect health-related
behaviors [23,24]. In particular, the lower the socioeconomic status of female workers, the less
they care about health care and hence, the higher the risk of MetS [12]. As a result of MetS
prevalence according to job type, the prevalence among manual workers was higher than that among
non-manual workers [25]. The highest MetS prevalence occurred among female skilled workers in
the agricultural and fishing industries. MetS prevalence was higher among low-income and local
residents [26,27]. These non-standard workers have low socioeconomic status and are treated poorly in
wages, working conditions, and social safety [28]. Non-standard workers have limited working periods,
resulting in unstable occupation that reduces perceived health condition, increases psychological stress,
and affects physical health [29]. Psychological stress and physical health problems in non-standard
workers increase the risk of chronic and acute diseases; furthermore, the social, physiological,
and self-rated health of workers become lowered [30]. Finally, the difference in socioeconomic status
due to unstable employment is a factor for health deterioration and social determinants of health [1].
Problems associated with low socioeconomic status among these non-standard workers have a greater
impact on female workers than male workers, which ultimately increases the prevalence of MetS
among female non-standard workers.

On the other hand, male workers showed no differences in economic level, educational level,
and job type, and significant differences occurred in MetS prevalence among factors related to
lifestyles such as smoking and drinking. Smoking increases the risks of low HDL cholesterol level,
higher triglyceride level, and abdominal obesity, thus increasing the prevalence of MetS among male
subjects [7]. Excessive drinking increases the risk of low HDL cholesterol level and cohort studies
among Korean office workers over the past decade have also identified male sex as a risk factor
for MetS [7,11]. Thus, unhealthy lifestyles such as smoking and drinking are closely related to the
risk factors for MetS [31]. However, with smoking and drinking adjusted for, the two variables
failed to show an increase in the prevalence of MetS among male non-standard workers. In other
words, unhealthy lifestyle has a greater impact on MetS prevalence than differences in socioeconomic
status. Thus, the inverse correlation between socioeconomic status and MetS in males was confirmed
in previous studies [14,25,32]. Among males, non-manual workers with high levels of education
and income had the highest risk of MetS, and the higher the socioeconomic status, the higher
the risk of MetS [25,32]. In addition, male subjects were less likely to have MetS among workers
with higher levels of physical activity [14]. The high prevalence of MetS among office workers is
attributed to their long working hours, longer sitting periods, and more exposure to risk factors
that can lead to MetS. Moreover, male office workers are known to have more opportunities for
drinking [12,27,33-35]. A study of firefighters showed that men tend to enjoy healthier lifestyles
with shift work and stressful job conditions, and that this lifestyle resulted in a lower prevalence of
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MetS among them than office workers [36]. These results suggest that male workers have higher
socioeconomic status than female workers, and that the type of work and their lifestyle are important
factors for MetS prevalence. Similar to this study, previous studies have reported sex differences in
the risk factors for MetS [11,13,25,37,38]. Hypertension, hyperglycemia, and high triglyceride level
were major risk factors for MetS in males, and obesity and low HDL cholesterol level were the most
common risk factors for females [13].

There are three possible reasons for the differences in MetS prevalence between male and female
non-standard workers, based on previous studies on the difference in risk factors for MetS according
to sex. The first is that female non-standard workers are more affected by work-related psychosocial
factors due to lower socioeconomic classes. The proportion of non-standard workers among female
workers is higher than that of non-standard male workers among male workers. In this study, 28.8%
of males and 56.6% of females were classified as standard and non-standard workers from 2010 to
2015. Females often work as administrative support workers rather than managers, and often quit
because of marriage, pregnancy, and childcare [11]. In addition, even after re-employment, it is difficult
to resume in stable jobs because of the long leave period. For this reason, many females work as
non-standard workers, and as temporary or part-time workers. With this low socioeconomic status,
female workers are easily exposed to job-related psychological stress and eventually to MetS risk
factors [25]. Female non-standard workers show poor mental health status such as high depression
and suicidal ideation levels [39]. In addition, the ability to overcome psychological stress was lower
than that among men [25,33]. Meta-analysis of the effects of work-related psychosocial factors on
MetS revealed significant risk factors for some components associated with MetS such as weight gain,
obesity, and hypertension [40].

The second reason is the high risk of obesity in female non-standard workers. Several studies
have reported that the risk of obesity in female non-standard workers is higher than that in male
non-standard workers [13,37]. Obesity and insulin resistance play a key role in the development
of MetS [18,41]. Obesity increases the amount of free fatty acids in the body, which in turn
increases insulin resistance, leading to cardiovascular diseases such as diabetes, lipid abnormalities,
and hypertension [37]. Ultimately, the high risk of obesity affects the risk of cardiovascular disease
and increases the risk of MetS [14].

The third reason is due to the physiological characteristics of female workers. In Korea, about 30%
of female workers are mostly pink-collar workers such as nurses, stewardesses, nannies, babysitters,
hairdressers, and administrative assistants [13]. These pink-collar workers engage more in shift work,
and this results in a 5% higher prevalence of menstrual irregularity than among daily workers [6].
Females with menstrual irregularities are often diagnosed with polycystic ovary syndrome, and such
females have a high risk of MetS [6]. However, the increased prevalence of MetS due to these hormonal
problems may be due to shift work, which may be difficult to identify among differences in standard
and non-standard workers. Nonetheless, the risk of MetS in non-standard workers is higher because
they are unable to take immediate action concerning their problems, even if it occurs while doing
the same thing [5]. These results suggest that the prevalence of MetS among female non-standard
workers was higher than that among standard workers. Psychological problems caused by differences
in socioeconomic status increase the risk of MetS in female non-standard workers, and the combination
of physiological characteristics of females and that of being a non-standard worker lead to anxiety and
consequent poor treatment.

The limitations of this study are as follows: First, the cross-sectional data used in the study may
not clearly show a causal relationship between factors. Second, there might be information bias due
to the self-reported questionnaire. For example, responses to smoking among female subjects may
not be representative. Finally, the definitions of standard and non-standard work varied according
to the survey period. In the sixth survey conducted between 2013 and 2015, there was a question
to directly confirm standard and non-standard (EC_Wht_0) work, but there was no such question
in the fifth survey conducted between 2010 and 2012. Therefore, the two items “job status wage
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worker (EC_STT_2)” and “working hours (EC_WH)” were defined according to non-standard worker
standards. However, international standards for non-standard workers are not clear and there is a
limit to how these apply in all countries [18]. Despite these limitations, this sample is representative of
the results of the six-year data systematically surveyed in the entire Republic of Korea.

In this study, the prevalence of MetS in female non-standard worker was increased, and it was
confirmed that the difference in socioeconomic status according to gender affects MetS prevalence.
Thus, a fundamental change in employment patterns will be needed to address health-related problems
that arise from non-standard work. The recent policy of converting non-standard work to standard
work by the government will be a way to overcome the difference in health risk due to working style.
However, there are difficulties in policy promotion due to various interests including current salary
level, welfare problem, and reverse discrimination against standard workers. Employment stability
and work environment improvement for non-standard workers are not only a matter of interest
in payroll improvement but also an important solution to lower the social cost of health care and
improve the quality of life and health care of all citizens. It is expected that the results of this study,
showing the high risk of MetS in non-standard workers could be utilized as a basis for government
policy promotion on health.

5. Conclusions

The results of this study confirm that the prevalence of MetS among non-standard female workers
increased according to employment type. In addition, the risk factors leading to increases in the
prevalence of MetS differed according to sex. In the future, direct research and long-term observation
of psychosocial, lifestyle, and biological factors among non-standard workers will be needed using
a cohort study of non-standard workers. It is necessary to clarify the cause of high MetS prevalence
among female non-standard workers. In addition, among the factors affecting MetS, it is considered
that lifestyle-related problems need to be investigated since these did not result in increased MetS
prevalence among male non-standard workers.

Author Contributions: Conceptualization, D.Y.C.; Methodology, D.Y.C.; Formal analysis, D.Y.C., Data Curation,
D.Y.C.; Writing—Original Draft preparation, D.Y.C. and J.-W.K.; Writing—Review & Editing, ].-W.K.; Supervision,
D.Y.C. All authors have read and approved the submission.

Funding: This research received no external funding.

Acknowledgments: We thank the Korea Centers for Disease Control and Prevention for providing access to the
raw data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Inoue, M.; Minami, M.; Yano, E. Body mass index, blood pressure, and glucose and lipid metabolism
among permanent and fixed-term workers in the manufacturing industry: A cross-sectional study.
BMC Public Health 2014, 14, 207. [CrossRef] [PubMed]

2. Sohn, M.; Choi, M.; Jung, M. Working conditions, psychosocial environmental factors, and depressive
symptoms among wage workers in South Korea. Int. ]. Occup. Environ. Health 2016, 22, 209-217. [CrossRef]
[PubMed]

3.  Park,];Park, ].S.; Han, B.; Kim, Y. Vulnerability of employees in businesses with fewer than five workers
(micro-enterprises) to occupational safety and health problems. Am. |. Ind. Med. 2017, 60, 1056-1065.
[CrossRef] [PubMed]

4. Alali, H.; Braeckman, L.; Van Hecke, T.; De Clercq, B.; Janssens, H.; Wahab, M.A. Relationship between
non-standard work arrangements and work-related accident absence in Belgium. . Occup. Health 2017, 59,
177-186. [CrossRef] [PubMed]

5. Ray, TK; Kenigsberg, T.A.; Pana-Cryan, R. Employment arrangement, job stress, and health-related quality
of life. Saf. Sci. 2017, 100, 46-56. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/1471-2458-14-207
http://www.ncbi.nlm.nih.gov/pubmed/24576216
http://dx.doi.org/10.1080/10773525.2016.1200212
http://www.ncbi.nlm.nih.gov/pubmed/27373792
http://dx.doi.org/10.1002/ajim.22783
http://www.ncbi.nlm.nih.gov/pubmed/29063618
http://dx.doi.org/10.1539/joh.16-0119-OA
http://www.ncbi.nlm.nih.gov/pubmed/28111414
http://dx.doi.org/10.1016/j.ssci.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29097848

Int. ]. Environ. Res. Public Health 2018, 15, 1798 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yu, J. Relationship between long working hours and metabolic syndrome among Korean workers.
Asian Nurs. Res. (Korean Soc. Nurs. Sci.) 2017, 11, 36-41. [CrossRef] [PubMed]

Huang, ].H.; Li, RH.; Huang, S.L.; Sia, HK.; Chen, Y.L.; Tang, E.C. Lifestyle factors and metabolic syndrome
among workers: The role of interactions between smoking and alcohol to nutrition and exercise. Int. J.
Environ. Res. Public Health 2015, 12, 15967-15978. [CrossRef] [PubMed]

Mehrdad, R.; Pouryaghoub, G.; Moradi, M. Associationbetween metabolic syndrome and job rank. Int. J.
Occup. Environ. Med. 2018, 9, 45-51. [CrossRef] [PubMed]

Oh, J.I; Yim, H.W. Association between rotating night shift work and metabolic syndrome in Korean workers:
Differences between 8-hour and 12-hour rotating shift work. Ind. Health 2018, 56, 40-48. [CrossRef] [PubMed]
Browne, R.A.V,; Farias-Junior, L.E; Freire, Y.A.; Schwade, D.; Macédo, G.A.D.; Montenegro, V.B.; Lopes, TJ.A.;
Dantas, EF.O.; Costa, E.C. Sedentary occupation workers who meet the physical activity recommendations
have a reduced risk for metabolic syndrome: A cross-sectional study. |. Occup. Environ. Med. 2017, 59,
1029-1033. [CrossRef] [PubMed]

Ryu, H.; Kim, Y.; Lee, J.; Yoon, S.J.; Cho, ].H.; Wong, E.; Jung, J. Office workers’ risk of metabolic
syndrome-related indicators: A 10-year cohort study. West. |. Nurs. Res. 2016, 38, 1433-1447. [CrossRef]
[PubMed]

Myong, ].P,; Kim, H.R.; Jung-Choi, K.; Baker, D.; Choi, B. Disparities of metabolic syndrome prevalence
by age, gender and occupation among Korean adult workers. Ind. Health 2012, 50, 115-122. [CrossRef]
[PubMed]

Lee, W.; Yeom, H.; Yoon, J.H.; Won, ].U.; Jung, PK.; Lee, ].H.; Seok, H.; Roh, ]J. Metabolic outcomes of workers
according to the international standard classification of occupations in Korea. Am. J. Ind. Med. 2016, 59,
685-694. [CrossRef] [PubMed]

Do, K.-A,; Jung, H.-S.; Chio, E.-H. Association between job-related factors and metabolic syndrome among
male and female workers: Using the Korean national health and nutrition examination survey. Korean J.
Occup. Health Nurs. 2015, 24, 39-47. [CrossRef]

Grundy, S.M.; Cleeman, J.I.; Merz, C.N.; Brewer, H.B.; Clark, L.T.; Hunninghake, D.B.; Pasternak, R.C.;
Smith, S.C.; Stone, N.J. National Heart, Lung, and Blood Institute; American College of Cardiology
Foundation; American Heart Association. Implications of recent clinical trials for the National Cholesterol
Education Program Adult Treatment Panel III guidelines. Circulation 2004, 110, 227-239. [CrossRef] [PubMed]
Korea National Statistical Office. Glossary of Statistical Terminology 2006. Available online: http://lib1.kostat.
go.kr/search/media/img/CAT000000054081?metsno=000000004259&fileid=M000000004259_FILE000002
(accessed on 1 May 2014).

Korea National Statistical Office. Annual Report on the Economically Active Population in Korea; Statistics Korea:
Daejeon, Korea, 2004.

Seon, J.J.; Lim, Y.J.; Lee, HW.; Yoon, ].M.; Kim, S.J.; Choi, S.; Kawachi, I.; Park, S.M. Cardiovascular health
status between standard and nonstandard workers in Korea. PLoS ONE 2017, 12, e0178395. [CrossRef]
[PubMed]

Korea National Statistical Office. Korea Standard Classification of Occupations; Statistics Korea: Daejeon,
Korea, 2007.

Korea Centers for Disease Control & Prevention National Health Information Portal 2016. Available online:
http:/ /health.cdc.go.kr/health /HealthInfoArea/HealthInfo / View.d0?idx=3700&subldx=4&searchCate=
&searchType=&searchKey=&pageNo=&category=&category_code=&dept=&sortType=&page=
&searchField=&searchWord (accessed on 13 April 2018).

Sarebanhassanabadi, M.; Mirhosseini, S.J.; Mirzaei, M.; Namayandeh, S.M.; Soltani, M.H.; Pakseresht, M.;
Pedarzadeh, A.; Baramesipour, Z.; Faraji, R.; Salehi-Abargouei, A. Effect of dietary habits on the risk of
metabolic syndrome: Yazd healthy heart project. Public Health Nutr. 2018, 21, 1139-1146. [CrossRef]
[PubMed]

Huang, ] H.; Li, R H.; Huang, S.L.; Sia, HK,; Lee, S.S.; Wang, W.H.; Tang, F.C. Relationships between different
types of physical activity and metabolic syndrome among Taiwanese workers. Sci. Rep. 2017, 7, 13735.
[CrossRef] [PubMed]

Zuo, H.; Shi, Z.; Hu, X.; Wu, M.; Guo, Z.; Hussain, A. Prevalence of metabolic syndrome and factors
associated with its components in Chinese adults. Metabolism 2009, 58, 1102-1108. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.anr.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28388978
http://dx.doi.org/10.3390/ijerph121215035
http://www.ncbi.nlm.nih.gov/pubmed/26694434
http://dx.doi.org/10.15171/ijoem.2018.1197
http://www.ncbi.nlm.nih.gov/pubmed/29319054
http://dx.doi.org/10.2486/indhealth.2017-0072
http://www.ncbi.nlm.nih.gov/pubmed/29046489
http://dx.doi.org/10.1097/JOM.0000000000001104
http://www.ncbi.nlm.nih.gov/pubmed/28742767
http://dx.doi.org/10.1177/0193945916654134
http://www.ncbi.nlm.nih.gov/pubmed/27330047
http://dx.doi.org/10.2486/indhealth.MS1328
http://www.ncbi.nlm.nih.gov/pubmed/22293725
http://dx.doi.org/10.1002/ajim.22596
http://www.ncbi.nlm.nih.gov/pubmed/27345305
http://dx.doi.org/10.5807/kjohn.2015.24.1.39
http://dx.doi.org/10.1161/01.CIR.0000133317.49796.0E
http://www.ncbi.nlm.nih.gov/pubmed/15249516
http://lib1.kostat.go.kr/search/media/img/CAT000000054081?metsno=000000004259&fileid=M000000004259_FILE000002
http://lib1.kostat.go.kr/search/media/img/CAT000000054081?metsno=000000004259&fileid=M000000004259_FILE000002
http://dx.doi.org/10.1371/journal.pone.0178395
http://www.ncbi.nlm.nih.gov/pubmed/28570650
http://health.cdc.go.kr/health/HealthInfoArea/HealthInfo/View.do?idx=3700&subIdx=4&searchCate=&searchType=&searchKey=&pageNo=&category=&category_code=&dept=&sortType=&page=&searchField=&searchWord
http://health.cdc.go.kr/health/HealthInfoArea/HealthInfo/View.do?idx=3700&subIdx=4&searchCate=&searchType=&searchKey=&pageNo=&category=&category_code=&dept=&sortType=&page=&searchField=&searchWord
http://health.cdc.go.kr/health/HealthInfoArea/HealthInfo/View.do?idx=3700&subIdx=4&searchCate=&searchType=&searchKey=&pageNo=&category=&category_code=&dept=&sortType=&page=&searchField=&searchWord
http://dx.doi.org/10.1017/S1368980017003627
http://www.ncbi.nlm.nih.gov/pubmed/29233205
http://dx.doi.org/10.1038/s41598-017-13872-5
http://www.ncbi.nlm.nih.gov/pubmed/29061986
http://dx.doi.org/10.1016/j.metabol.2009.04.008
http://www.ncbi.nlm.nih.gov/pubmed/19481771

Int. ]. Environ. Res. Public Health 2018, 15, 1798 10 of 10

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Park, M.J.; Yun, K.E.; Lee, G.E.; Cho, H.J.; Park, H.S. A cross-sectional study of socioeconomic status and the
metabolic syndrome in Korean adults. Ann. Epidemiol. 2007, 17, 320-326. [CrossRef] [PubMed]

Ryu, J.Y.; Hong, S.; Kim, C.H,; Lee, S.; Kim, ].H.; Lee, ].T.; Kim, D.H. Prevalence of the Metabolic Syndrome
among Korean Workers by Occupational Group: Fifth Korean National Health and Nutrition Examination
Survey (KNHANES) 2010. Ann. Occup. Environ. Med. 2013, 25, 13. [CrossRef] [PubMed]

Shariff, Z.M.; Sulaiman, N; Jalil, R.A.; Yen, W.C.; Yaw, Y.H.; Taib, M.N.; Kandiah, M.; Lin, K.G. Food insecurity
and the metabolic syndrome among women from low income communities in Malaysia. Asia Pac. J. Clin. Nutr.
2014, 23, 138-147. [CrossRef] [PubMed]

Sanchez-Chaparro, M.A.; Calvo-Bonacho, E.; Gonzalez-Quintela, A.; Fernandez-Labandera, C.; Cabrera, M.;
Séinz, ].C.; Fernandez-Meseguer, A.; Banegas, ].R.; Ruilope, L.M.; Valdivielso, P.; et al. Occupation-related
differences in the prevalence of metabolic syndrome. Diabetes Care 2008, 31, 1884-1885. [CrossRef] [PubMed]
Cho, J.; Lee, ]. Persistence of the gender gap and low employment of female workers in a stratified labor
market: Evidence from South Korea. Sustainability 2015, 7, 12425-12451. [CrossRef]

Mirelli, L.; Pigini, C.; Chiavarini, M.; Bartolucci, F. Employment status and perceived health condition:
Longitudinal data from Italy. BMC Public Health 2014, 14, 946. [CrossRef] [PubMed]

Kang, S.H.; Song, ].H.; Koh, T.H.; Paek, D.M.; Park, J.T.; Chun, H. What causes the experience of
discrimination in non-regular workers? Ann. Occup. Environ. Med. 2017, 29, 35. [CrossRef] [PubMed]
Tauler, P; Bennasar-Veny, M.; Morales-Asencio, ].M.; Lopez-Gonzalez, A.A.; Vicente-Herrero, T,;
De Pedro-Gomez, J.; Royo, V.; Pericas-Beltran, J.; Aguilo, A. Prevalence of premorbid metabolic syndrome
in Spanish adult workers using IDF and ATPIII diagnostic criteria: Relationship with cardiovascular risk
factors. PLoS ONE 2014, 9, €89281. [CrossRef] [PubMed]

Park, S.J.; Kang, H.T.; Nam, C.M.; Park, B.J.; Linton, J.A.; Lee, Y.J. Sex differences in the relationship between
socioeconomic status and metabolic syndrome: The Korean National Health and Nutrition Examination
Survey. Diabetes Res. Clin. Pract. 2012, 96, 400—406. [CrossRef] [PubMed]

Yamaoka, K.; Tango, T. Effects of lifestyle modification on metabolic syndrome: A systematic review and
meta-analysis. BMC Med. 2012, 10, 138. [CrossRef] [PubMed]

Chandola, T.; Brunner, E.; Marmot, M. Chronic stress at work and the metabolic syndrome: Prospective study.
BM]J 2006, 332, 521-525. [CrossRef] [PubMed]

Burton, N.W.,; Turrell, G. Occupation, hours worked, and leisure-time physical activity. Prev. Med. 2000, 31,
673-681. [CrossRef] [PubMed]

Strauf}, M.; Foshag, P; Przybylek, B.; Horlitz, M.; Lucia, A.; Sanchis-Gomar, E; Leischik, R. Occupation and
metabolic syndrome: Is there correlation? A cross sectional study in different work activity occupations of
German firefighters and office workers. Diabetol. Metab. Syndr. 2016, 8, 57. [CrossRef] [PubMed]

Lim, K.G.; Cheah, W.K. A review of metabolic syndrome research in Malaysia. Med. ]. Malay. 2016, 71, 20-28.
Adeoye, AM.; Adewoye, I.A,; Dairo, D.M.; Adebiyi, A.; Lackland, D.T.; Ogedegbe, G.; Tayo, B.O.
Excess metabolic syndrome risks among women health workers compared with men. J. Clin.
Hypertens. (Greenwich) 2015, 17, 880-884. [CrossRef] [PubMed]

Kim, L.H.; Muntaner, C.; Khang, Y.H.; Paek, D.; Cho, S.I. The relationship between nonstandard working and
mental health in a representative sample of the South Korean population. Soc. Sci. Med. 2006, 63, 556-574.
[CrossRef] [PubMed]

Sakuraya, A.; Watanabe, K.; Kawakami, N.; Imamura, K.; Ando, E.; Asai, Y.; Eguchi, H.; Kobayashi, Y.;
Nishida, N.; Arima, H.; et al. Work-related psychosocial factors and onset of metabolic syndrome among
workers: A systematic review and meta-analysis protocol. BM] Open 2017, 7, €016716. [CrossRef] [PubMed]
Ford, E.S. Risks for all-cause mortality, cardiovascular disease, and diabetes associated with the metabolic
syndrome: A summary of the evidence. Diabetes Care 2005, 28, 1769-1778. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.annepidem.2006.10.007
http://www.ncbi.nlm.nih.gov/pubmed/17300958
http://dx.doi.org/10.1186/2052-4374-25-13
http://www.ncbi.nlm.nih.gov/pubmed/24472422
http://dx.doi.org/10.6133/apjcn.2014.23.1.05
http://www.ncbi.nlm.nih.gov/pubmed/24561982
http://dx.doi.org/10.2337/dc08-0431
http://www.ncbi.nlm.nih.gov/pubmed/18753667
http://dx.doi.org/10.3390/su70912425
http://dx.doi.org/10.1186/1471-2458-14-946
http://www.ncbi.nlm.nih.gov/pubmed/25213995
http://dx.doi.org/10.1186/s40557-017-0192-x
http://www.ncbi.nlm.nih.gov/pubmed/28824812
http://dx.doi.org/10.1371/journal.pone.0089281
http://www.ncbi.nlm.nih.gov/pubmed/24586656
http://dx.doi.org/10.1016/j.diabres.2011.12.025
http://www.ncbi.nlm.nih.gov/pubmed/22245695
http://dx.doi.org/10.1186/1741-7015-10-138
http://www.ncbi.nlm.nih.gov/pubmed/23151238
http://dx.doi.org/10.1136/bmj.38693.435301.80
http://www.ncbi.nlm.nih.gov/pubmed/16428252
http://dx.doi.org/10.1006/pmed.2000.0763
http://www.ncbi.nlm.nih.gov/pubmed/11133334
http://dx.doi.org/10.1186/s13098-016-0174-0
http://www.ncbi.nlm.nih.gov/pubmed/27555885
http://dx.doi.org/10.1111/jch.12595
http://www.ncbi.nlm.nih.gov/pubmed/26053898
http://dx.doi.org/10.1016/j.socscimed.2006.02.004
http://www.ncbi.nlm.nih.gov/pubmed/16580108
http://dx.doi.org/10.1136/bmjopen-2017-016716
http://www.ncbi.nlm.nih.gov/pubmed/28645981
http://dx.doi.org/10.2337/diacare.28.7.1769
http://www.ncbi.nlm.nih.gov/pubmed/15983333
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Definition of Variables 
	Metabolic Syndrome 
	Job-Related Variables 
	Lifestyle-Related Variables 
	Sociodemographic Characteristics 

	Statistical Analysis 

	Results 
	General Characteristics of Subjects Included in the Study to Determine Metabolic Syndrome Prevalence 
	Metabolic Syndrome Prevalence According to Sex and by the Standard of Work 
	Factors Affecting Metabolic Syndrome 

	Discussion 
	Conclusions 
	References

