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Abstract:  

investigate the prevalence of metabolic syndrome among the Korean working population and 

prevalence odds ratios (PORs) of metabolic syndrome among representative types of occupations 
-

ers had a higher prevalence of metabolic syndrome than female non-manual workers among those 

metabolic syndrome were different between older and younger workers, which could be due to 
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Introduction

The prevalence of cardiovascular disease (CVD) has 
increased rapidly in Asian countries because of an increas-
ingly westernized lifestyle characterized by excess con-
sumption of calories and physical inactivity1, 2). In Korea, 

the rate of CVD-related mortality was 115 per 100,000 in 
2005 and 117 per 100,000 in 2007, and CVD is the second 
leading cause of death after cancer in Korea3). The factors 
associated with increased risk of developing CVD tend to 
cluster in personal biological traits including high blood 
pressure, high fasting glucose, high triglyceride level, 
low plasma high-density lipoprotein cholesterol level, 
and abdominal obesity. These clustered factors have been 
called the metabolic syndrome and it is well established 
that metabolic syndrome is associated with CVD4). The 
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overall prevalence of the metabolic syndrome is about 
25% in general populations from the United States (US) 
and Europe5–7). In Korea, 31% of men and 27.6% of 
women have the metabolic syndrome in nationally repre-
sentative samples8)

third National Health and Nutrition Examination Survey 
showed 24% of men and 23.7% of women in the US have 
metabolic syndrome9), Korean people’s prevalence of the 
metabolic syndrome is much higher than one may expect. 
There is little information about the prevalence of meta-
bolic syndrome or its risk factors in workers. Occupation 
can reflect physical activity in workplace; it is also an 
indicator of social economic position10). Some studies have 
shown different associations between SEP (social eco-
nomic position) and the prevalence of the metabolic syn-
drome by gender6–8). In addition, we should consider the 
different patterns among old and young generation group 
in countries which have experienced rapid socio-cultural 
changes. This study aimed to investigate the prevalence of 
metabolic syndrome among a Korean working population 
and determine whether the prevalence differed according 
to occupation, age and gender. We conducted a cross-
sectional study in Korean adult workers who participated 
in the Third Korean National Health and Nutrition Exami-
nation Survey (KNHANES III).

Subjects and Methods

Subjects
This study was based on the KNHANES III. Health 

interviews and examinations were performed in 2005. A 

to select representative samples of noninstitutionalized Ko-
rean civilians for the survey. Trained interviewers visited 
the subjects in their homes and administered a standard-
ized health examination and questionnaire. To evaluate 
the association between metabolic syndrome and the work 
tasks of different occupational groups, subjects who had no 
job, housewives and those 19 yr old or less were excluded 
from this study. Finally, 3,288 adults (1,508 manual work-

included in this study. According to “Act on Age Discrimi-
nation Prohibition in Employment and Aged Employment 

young workers as less than 50. This study was approved by 
the Institutional Review Board of the Catholic University 
of Korea, College of Medicine (CUMC10U186).

The occupational classification followed the major 
groups of the Korean Standard Classification of Oc-
cupations (KSCO). The subjects were classified into 
nonmanual and manual worker groups. Nonmanual work 
included the managers, professions, technicians, sales and 
service workers and clerical work. Manual work included 
agriculture, forestry, fishery (unskilled), manufacturing, 
construction, mining and the armed forces.

Education Program Adult Treatment Panel III (NCEP ATP 
III)11), a person who has three or more of the following risk 

-
ide level -
mality; HDL cholesterol level < 40 mg/dl in men, <50 mg/
dl in women; systolic blood pressure  130 mmHg or dia-
stolic blood pressure  85 mmHg or treated or previously 
diagnosed hypertension; fasting plasma glucose level  
110 mg/dl or treated or previously diagnosed diabetes; and 
abdominal obesity. For the definition of abdominal obe-
sity, it must be considered that Asians may have a different 
body fat distribution than the Western population12). The 
World Health Organization suggests a waist circumference 

defining abdominal obesity12, 13), and the KNHANES III 
used these criteria. Waist circumference was measured at 
the end of a normal expiration, with the arms relaxed at 
the sides, from narrowest point between the top of the hip 
and the lower part of the last rib.

Blood pressure was measured with a mercury sphygmo-
manometer in the seated position after 10 minutes rest, and 
three measurements were performed on subjects at five-

the next two were used for determining the average blood 
pressure. Blood samples for fasting blood glucose (FBS), 
HDL-cholesterol, triglyceride (TG) were taken by skilled 
practitioners in the morning after overnight fasting (longer 
than 10 h) and plasma was separated by centrifugation im-
mediately. An Advia 1650/2400 (Siemens, New York, NY) 
was used for blood sample analyses in the KNHANES III.

-
ers. Those who were smokers at the examination were 

but no longer smoked as ex-smokers, and those who never 
smoked as non-smokers. Alcohol consumption was esti-
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mated from the daily alcohol intake based on a published 
guideline14). Trained interviewers asked the subjects about 
the frequency and amount of their alcohol ingestion and 
this was converted into the amount of pure alcohol intake 
per day. Those who ingested over 15 (female) or 30 (male) 
g/day of alcohol were defined as being in the alcohol 

‘moderate exercise such as brisk walking, bicycling, water 
aerobics, and etc. 30 min or over’ and divided into two 
groups; 5 or more times per week and less than 5 times. 

Statistical analysis
Statistical analyses were performed using SAS 9.1. 

Sampling weights were used to take the complex sampling 
design into account. The subjects were evaluated by sta-
tistical methods to provide representative data for estimat-
ing the prevalence of metabolic syndrome. SAS survey 
procedures were used to estimate the mean and standard 
error (SE) of continuous variables. SAS survey frequency 
procedure and Rao–Scott chi-square analysis were used to 
compare the prevalence of categorical variables by occu-
pational status expressed as percentages and SEs. Logistic 
regression analyses were used to estimate the prevalence 
odds ratios (PORs) of metabolic syndrome in different 

age and gender. The multiple logistic regression analyses 
were repeated after adjustment for age, smoking, alcohol 
consumption, and physical activity.

Results

The general characteristics of the Korean adult working 
population based on KNHANES are shown in Table 1. 
Manual workers were more likely to be older than non-
manual workers. The BMI and waist circumference of fe-
male nonmanual workers were lower than those of manual 
workers, but the reverse was true for males. Nonmanual 
workers had better values for the health parameters of 
systolic/diastolic blood pressure and fasting glucose. The 
rate of current smokers was higher in manual workers, but 
the rate of moderate drinking was higher in nonmanual 
workers. 

Table 2 presents the estimated prevalence of metabolic 
syndrome and its components in the male adult working 

syndrome among old male nonmanual workers was 

workers in the same age group (31.9%).
Table 3 shows that, in young females workers, the 

prevalence of metabolic syndrome was higher in manual 
workers than in nonmanual workers, but the reverse was 
observed in old female workers. For young females work-
ers, the prevalences of individual components of metabolic 
syndrome (waist circumference and the incidence of hy-
pertension, impaired fasting glucose and high triglyceride 

the reverse pattern was observed among the older females 
with waist circumference and hgh triglycerides being sig-

Figure 1 presents the PORs for metabolic syndrome ac-
cording to occupational status by age. With each increas-
ing age category, manual workers were less likely to have 
metabolic syndrome than nonmanual workers. Nonmanual 
workers had more risk for metabolic syndrome than 
manual workers in old workers, while manual workers 
were more likely to be with metabolic syndrome than non-
manual workers in young workers.

Table 4 shows the PORs that measure the relative level 
of risk for metabolic syndrome in the two occupational 

from logistic regression models after adjustment for age. 
Among young female workers, there was a significantly 
higher prevalence of metabolic syndrome in manual 
workers than in nonmanual workers (POR=1.96, 95%CI; 
1.12–3.45), whereas the prevalence was higher in old fe-
male nonmanual workers (POR=0.37, 95%CI; 0.23–0.60). 
Similar effects were found after adjustment for smoking, 
alcohol, and exercise (Model II). In male workers, similar 
patterns were found according to age, but, they were not 

Discussion

According to research on the prevalence of metabolic 
syndrome in US workers, the overall prevalence for 
all workers was 20.6% (20.2% in male, and 21.4% in 
female)15). In Spanish workers, the prevalence of the meta-
bolic syndrome was 9.5% (11.6% in male, and 4.1% in 
female)10). In this survey using the Korean working group, 
the prevalence was 21.8% (25.5% and 15.9%, in male 
and female, respectively). This prevalence is considered 
to be high compared to those of western countries. The 
prevalence of metabolic syndrome in manual workers was 
higher than those in nonmanual workers among both male 
and female in this study. And the difference of prevalence 
between manual and nonmanual workers was bigger 
in female workers. These results were consistent with 
those in the Spanish working group; manual work was 
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vulnerable to a metabolic syndrome, and the difference of 
prevalence between manual and nonmanual workers was 
more prominent in female (4.7% vs. 7.4%)10). However, 
interestingly, very distinctive results appeared in our study, 
after stratification by age and gender. Manual workers 
seemed to have risk of metabolic syndrome differently 
according to age and gender. We observed female manual 

workers were more likely to have metabolic syndrome in 
young workers  (POR: 1.95 [1.12–3.40]), but vice versa in 
old workers (0.36 [0.22–0.59]). These results suggest that 
there may be interactions of age in the association between 
occupation and metabolic syndrome in female workers. 

-
sociations according to age also appeared in men workers 

type of work and gender

Male

Nonmanual
[891/7,002,293]

Manual
[916/6,508,795]

Total
[1,807/13,511,088]

p-value

Age (yr) 39.4 (0.5) 44.6 (0.6) 41.9 (0.4) <0.01
Weight (kg) 71.4 (0.4) 68.2 (0.5) 69.9 (0.3) <0.01
Height (cm) 171.4 (0.3) 168.6 (0.3) 170.0 (0.2) <0.01
BMI 24.3 (0.1) 23.9 (0.1) 24.1 (0.1) 0.11
Waist circumference (cm) 84.5 (0.3) 83.3 (0.4) 83.9 (0.3) <0.05
Systolic blood pressure (mmHg) 118.4 (0.5) 122.3 (0.6) 120.3 (0.4) <0.01
Diastolic blood pressure (mmHg) 80.0 (0.5) 81.1 (0.5) 80.5 (0.4) 0.06
Fasting glucose (mg/dl) 94.7 (0.7) 96.3 (0.7) 95.5 (0.5) 0.10
HDL (mg/dl)† 39.5 (35.0–46.0) 41.0 (36.0–49.0) 40.0 (35.0–47.0) <0.01
Triglycerides (mg/dl)† 133.0 (93.0–193.0) 122.0 (85.0–189.0) 126.0 (89.0–192.0) 0.90
Current smoker* 78.3 (1.6) 81.0 (1.8) 79.6 (1.2) <0.05
Ex-smoker* 2.9 (0.6) 3.2 (0.9) 3.0 (0.5)
Non-smoker* 18.8 (1.5) 15.9 (1.6) 17.4 (1.1)
Alcohol consumption (  moderate)* 58.6 (1.6) 55.5 (1.5) 57.1 (1.6) 0.29
Optimal physical activity (yes)* 16.5 (1.7) 23.1 (2.1) 19.7 (1.5) <0.01
Metabolic syndrome prevalence* 24.2 (1.6) 26.8 (1.2) 25.5 (1.2) 0.28

Female

Nonmanual
[889/5,471,666]

Manual
[592/2,800,246]

Total
[1,481/8,271,912]

p-value

Age (yr)  37.1 (0.5) 49.7 (0.6) 41.4 (0.5) <0.01
Weight (kg)  57.1 (0.4) 58.1 (0.5) 57.4 (0.3) 0.12
Height (cm) 158.8 (0.2) 155.0 (0.3) 157.5 (0.2) <0.01
BMI  22.7 (0.1) 24.1 (0.2) 23.2 (0.1) <0.01
Waist circumference (cm)  75.3 (0.4) 80.0 (0.5) 76.9 (0.4) <0.01
Systolic blood pressure (mmHg) 109.3 (0.7) 118.4 (1.0) 112.4 (0.6) <0.01
Diastolic blood pressure (mmHg)  72.2 (0.5) 75.9 (0.5) 73.5 (0.4) <0.01
Fasting glucose (mg/dl)  88.2 (0.5) 94.8 (1.1) 90.5 (0.5) <0.01
HDL (mg/dl)†    47.0 (41.0–55.0)   45.0 (40.0–53.0)    46.0 (40.0–54.0) <0.01
Triglycerides (mg/dl)†    83.0 (62.0–118.0)   93.0 (69.0–130.0)    87.0 (64.5–124.0) <0.01
Current smoker*   7.2 (1.1)  7.3 (1.5) 7.2 (0.9) 0.57
Ex-smoker*    1.5 (0.4)  0.7 (0.3) 1.3 (0.3)
Non-smoker*  91.3 (1.2) 91.9 (1.6) 91.5 (0.9)
Alcohol consumption (  moderate)*  21.1 (1.1) 14.2 (0.7) 18.8 (1.2) <0.01
Optimal physical activity (yes)*  21.7 (1.9) 25.0 (2.8) 22.8 (1.7) 0.29
Metabolic syndrome prevalence* 12.0 (1.3) 23.4 (2.1) 15.9 (1.2) <0.01

[Sample number/Total estimated Korean workers], all values were weighted mean and standard error unless otherwise 
stated. *:estimated percentage (standard error). †: median and 25th–75th.
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(manual workers had higher risk for metabolic syndrome 
in younger workers, while nonmanual workers had higher 
risk for metabolic syndrome in older workers). However, 
unlike women workers’ pattern, these associations by age 
and occupation were not as distinctive in men workers. 
Korean men of higher socioeconomic status have a more 
sedentary lifestyle and many opportunities to consume 
richer foods and alcohol beverages but less opportunity to 
engage in physical labor8). This trend doesn’t seem to be 
overcome enough until now in nonmanual workers. Con-
sidering the fact that male workers’ metabolic syndrome 

by age and occupation showed the similar direction with 
female workers in this study, it is possible that, even in 
men workers, disparities between manual and nonmaual 
will be widened in the future. 

A transition in CVD risk factors is likely to exist in 
countries such as Korea where the socio-cultural changes 
have occurred rapidly over decades of great socioeco-
nomic upheaval. Nonmanual workers (specialists, office 
workers and self-employed workers) in Korea have been 
categorized into upper class for several decades. Non-
manual workers considered to be similar to those with a 

< 50  50

Nonmanual
[699/5,876,394]

Manual
[490/4,320,931]

Total
[1,189/10,197,326]

p-value
Nonmanual

[192/1,125,899]
Manual

[426/2,187,863]
Total

[618/3,313,763]
p-value

Metabolic syndrome components*

 3 19.3 (1.0) 22.3 (1.1) 20.6 (1.4) 0.2837 43.3 (1.7) 31.9 (1.8) 35.8 (2.3) 0.0106
 2 41.1 (1.6) 44.5 (1.3) 42.6 (1.9) 0.3300 67.3 (1.9) 56.7 (2.2) 60.3 (2.2) 0.0299
 1 73.7 (2.0) 68.1 (1.7) 71.3 (1.8) 0.1272 88.7 (2.2) 85.1 (2.5) 86.3 (1.7) 0.2741

Individual components
WC 21.0 (1.1) 22.4 (1.1) 21.6 (1.3) 0.6187 38.2 (1.7) 32.3 (1.9) 34.3 (2.2) 0.2717
High BP 29.4 (1.2) 34.4 (1.2) 31.5 (1.6) 0.0766 65.8 (2.0) 63.0 (2.1) 63.9 (2.2) 0.5665
IFG 7.2 (0.6) 8.0 (0.5) 7.5 (0.8) 0.6224 27.4 (1.4) 22.8 (1.4) 24.3 (1.9) 0.2551
Low HDL 48.3 (1.7) 40.8 (1.5) 45.1 (1.9) 0.0465 51.0 (1.9) 45.0 (2.2) 47.0 (2.3) 0.2167
High TG 35.8 (1.5) 38.2 (1.4) 36.8 (1.9) 0.4830 43.7 (1.7) 32.1 (1.9) 36.0 (2.1) 0.0317

[Sample number/Total estimated Korean workers]. All values were estimated percentage and standard error. *Occurrence of the metabolic syndrome 
and combinations of its components. WC: waist circumference; BP: blood pressure; IFG: impaired fasting glucose; HDL: high-density lipoprotein; TG: 
triglyceride.

< 50  50

Nonmanual
[732/4,679,107]

Manual
[268/1,471,041]

Total
[1,000/6,150,148]

p-value
Nonmanual

[157/792,559]
Manual

[324/1,329,205]
Total

[481/2,121,764]
p-value

Metabolic syndrome components*

 3 4.6 (0.6) 13.7 (0.7) 6.8 (0.9) < 0.0001 44.7 (2.4) 29.4 (2.1) 35.1 (2.7) 0.0069
 2 17.8 (1.2) 34.9 (1.1) 21.9 (1.5) < 0.0001 70.1 (2.8) 58.7 (2.8) 62.9 (2.6) 0.0315
 1 63.1 (2.1) 74.0 (1.5) 65.7 (1.8) 0.0205 89.2 (3.0) 83.1 (2.8) 85.4 (2.0) 0.1462

Individual components
WC 12.5 (1.2) 23.3 (0.9) 15.1 (1.5) 0.0015 43.6 (2.1) 33.5 (2.0) 37.3 (2.3) 0.0465
High BP 7.7 (0.8) 16.8 (0.8) 9.9 (1.1) 0.0004 54.4 (2.8) 52.5 (2.6) 53.2 (3.0) 0.7277
IFG 2.6 (0.5) 7.5 (0.6) 3.8 (0.7) 0.0048 14.7 (1.1) 12.5 (1.4) 13.3 (1.9) 0.5218
Low HDL 56.8 (2.1) 65.4 (1.5) 58.9 (1.8) 0.0651 73.6 (2.6) 66.3 (2.7) 69.0 (2.3) 0.1464
High TG 8.8 (0.9) 14.7 (0.6) 10.2 (1.1) 0.0186 42.6 (2.3) 24.7 (2.1) 31.4 (2.8) 0.0016

[Sample number/Total estimated Korean workers]. All values were estimated percentage and standard error. *Occurrence of the metabolic syndrome 
and combinations of its components, WC: waist circumference; BP: blood pressure; IFG: impaired fasting glucose; HDL: high-density lipoprotein; TG: 
triglyceride.
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high level of education and income for several decades. 
According to a study of the trends over the last decade in 
the relationship between SEP and obesity among Koreans, 
a significant decline in the prevalence of obesity was 
shown among those with a high level of education and 
income16). This reflected the stereotype that upper class 
individuals would have appeared overweight because they 
were well nourished. Furthermore, smoking and drinking 
were acceptable culturally among Koreans up to the last 
two decades. However, this pattern has recently undergone 
rapid change16, 17). Recently, manual workers are regarded 
as stereotype of overweight and consuming more tobacco 
and alcohol than nonmanual workers. From a cross sec-
tional view, both the aged, who have experienced these 
transitions in lifestyle, and the young, who have not, 
coexist in the same period. This suggests that the distribu-
tion of health outcomes by classes can appear differently 
depending on age. Women of high socioeconomic position 
tend to be more concerned about their fitness, consume 

healthy food, and practice regular exercise8, 10). This kind 
of pattern might explain the stronger association between 
occupation and metabolic syndrome in women. Especially, 
the younger generation can easily adapt to this tendency. 

Our study has some limitations. First, the study design 
was cross-sectional and so we could not evaluate the caus-
al relationship between metabolic syndrome and occupa-
tion over time. Additionally, in order to elucidate the role 
of physical activity in the relationship between occupation 
and metabolic syndrome, we analyzed the prevalence of 
optimal physical activity according to occupation and age 
in women workers. In young women workers (less than 50 
yr old), manual workers who do optimal physical activity 
are 25.3%. On the other hand, 16.3% of nonmanual work-
ers do optimal physical activity. In old women workers (50 
and more than 50 yr old), workers who do optimal physi-
cal activity are 24.0% and 28.5% in manual workers and 
nonmanual workers, respectively. This result shows that 
physical activity is not the only reason for the prevalence 
difference in metabolic syndrome according to age and 
occupation. In addition, unfortunately, we could not ex-
plain the temporal relationship between physical activity 
and metabolic syndrome in cross sectional study. Further 
research is necessary to evaluate the mechanism of the 
association between occupation and metabolic syndrome. 
Quality of food intake, job stress, and occupational activi-
ties might be other explanatory factors for this association. 
Second, we did not consider other occupational factors 
such as job stress and long working hours. There are many 
studies dealing with the association between psychosocial 
work environments and cardiovascular disease risk fac-
tors18–20). Especially, long working hours is still prevalent 
in Korea, so, we should notice this issue. Through the 

Age Group
Model I* Model II†

Male Female Male Female

Total
Nonmanual Reference Reference Reference Reference
Manual 0.90 (0.69–1.18) 0.85 (0.55–1.30) 0.95 (0.73–1.24) 0.85 (0.55–1.30)

< 50
Nonmanual Reference Reference Reference Reference
Manual 1.09 (0.79–1.51) 1.96 (1.12–3.45) 1.10 (0.79–1.53) 1.95 (1.12–3.40)

 50
Nonmanual Reference Reference Reference Reference
Manual 0.71 (0.46–1.10) 0.37 (0.23–0.60) 0.74 (0.48–1.15) 0.36 (0.22–0.59)

*Model I: PORs of manual vs. nonmanual workers by logistic regression, adjusted for age. †Model II: PORs of manual 
vs. nonmanual workers by multivariate survey logistic regression, adjusted for age, smoking, alcohol consumption, 
physical activity.
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between various work characteristics and CVD risk factors 
in Korea. Third, there is a possibility that manual workers 
are more likely to leave labor force earlier than nonmanual 
workers. Thus older maunal workers who still work may 
be relatively healthier than older non-manual workers. 
This healthy worker effect might influence our study’s 

because, in Korea, due to a weak social safety net, there is 
little chance for manual workers to leave labor force ear-
lier unless they experience severe injuries to be disabled. 
So, a healthy worker “survivor” effect cannot completely 
explain the pattern of association between metabolic 
syndrome and occupation by age. Lastly, we could not 
definitely determine what might affect the incidence 
of metabolic syndrome at a specific age. Nevertheless, 
the stratified multistage clustered probability design of 
KNHANES III was considered and a survey analysis was 
conducted to estimate the prevalence of metabolic syn-
drome in workers in Korea. We found that the estimated 
number of workers was similar to that identified in the 
national labor statistics in 2005 (22.0 million vs. 22.5 mil-
lion)21). With this method, we can estimate the prevalence 
of metabolic syndrome more precisely with survey proce-

the analysis also reduced the possibility of confounding by 
age and gender.

The results of the study may serve as a basis for estab-
lishing age and gender specific prevention approach of 
cardiovascular disease in Korean workers. This result also 
has implications for future studies on metabolic syndrome 
of workers in other countries which are experiencing rapid 
increase of cardiovascular disease during abrupt socioeco-
nomic changes.

Conclusions

The results of this study provide evidence that there are 
different associations between metabolic syndrome and 
occupational class depending on age and gender with ad-
justment for health behavior factors. Further studies, espe-

how the occupation can affect the prevalence of metabolic 
syndrome and its trends in Korea.
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