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Purpose: Type of work might be related to insulin resistance and the metabolic syndrome (MetS). However, scant data are 

available. We performed this study to investigate whether the prevalence of MetS and insulin resistance differed according to 

occupation in middle-aged men.

Materials and Methods: In all, 2,348 men in their 40s∼50s who had participated in the Korean National Health and Nutrition 

Examination Survey IV were included and were classified into two groups according to the type of work (manual worker vs. 

non-manual worker). Diagnosis of MetS required satisfying three or more of the National Cholesterol Education Program-Adult 

Treatment Panel III criteria. Fasting insulin, the glucose/insulin ratio (G/I ratio), and the homeostasis model assessment of insulin 

resistance (HOMA-IR) were used to estimate the insulin resistance. We used the Mann-Whitney test, χ2 tests, multiple linear 

regression test, and logistic regression analyses to examine the relationships.

Results: Age was significantly higher in the manual worker group. Body mass index was significantly lower in the manual worker 

group. Rates of current smoking and frequent drinking were higher in the manual worker group. In terms of surrogate markers 

of insulin resistance, the age-adjusted mean of fasting insulin, G/I ratio, and HOMA-IR indicated that lower insulin resistance was 

significantly related to manual work. After adjusting for age and other confounding factors, non-manual workers had a higher risk 

of the MetS than manual workers. The odds ratio in relation to MetS was significantly lower in the manual workers.

Conclusions: MetS and impaired insulin resistance are significantly related to non-manual work in middle-aged Korean men.
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INTRODUCTION

　The metabolic syndrome (MetS) is comprised of central 

obesity, dyslipidemia, hypertension, and glucose intoler-
ance, although the definition of MetS varies according to 
ethnicity [1]. MetS is a risk factor for benign prostatic hy-
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Fig. 1. Study flow diagram. KNHANES IV: the Korean National Health and Nutrition Examination Survey IV, MetS: metabolic syndrome.

perplasia, type 2 diabetes mellitus, and coronary artery 
disease, and is associated with cerebrovascular disease 
and all-cause mortality [2,3].
　MetS may be associated with lifestyle, and lifestyle 
modifications may be effective in resolving MetS and re-
ducing the severity of related abnormalities in subjects 
with MetS [1]. The aforementioned issues indicate that the 
type of work a person does might be related to insulin re-
sistance and MetS, considering that lifestyle is closely re-
lated to occupation. However, there are scant data con-
cerning the relationship between type of work and insulin 
resistance and MetS in middle-aged men.
　The evaluation of the relationship between type of work 
and MetS in middle-aged men might be important be-
cause MetS begins to occur in middle age and finding re-
lated factors might facilitate the establishment of a health 
policy on MetS in middle aged men [1].
　Therefore, we undertook the present study using data 
from the Korean National Health and Nutrition 
Examination Survey (KNHANES) IV to investigate whether 
the prevalence of MetS and insulin resistance differed ac-
cording to occupation in middle-aged men. 

MATERIALS AND METHODS
1. Study subjects 

　Data from the KNHANES IV were used for this study. The 
KNHANES has been performed by the Korea Centers for 

Disease Control and Prevention to examine the general 
health and nutritional status of Koreans. To collect data rep-
resentative of Koreans, they used a stratified three-stage 
clustered probability design (local district → enumeration 
district → household). Up to the present, four surveys have 
been completed as follows: I (1998), II (2001), III (2005), 
and IV (2007∼2009). KNHANES IV enrolled 31,705 
individuals. Among them, 24,871 individuals participated 
in the survey. To elucidate the relationship between the 
MetS and type of occupation in middle-aged men, the data 
of females, subjects less than 40 years old, and subjects 
more than 60 years old were excluded (Fig. 1). Cases miss-
ing data on MetS or occupation were also excluded. In the 
end, 2,348 men were included in this study.
　The occupations were classified as manual work and 
non-manual work according to the Korean Standard 
Classification of Occupations. Service workers, managers, 
professionals, sales people, clerical workers, and pro-
fessors were included in the non-manual workers. Simple 
labor work, agriculture, forestry, fishery, and manufactur-
ing were included in manual work.

2. Metabolic syndrome assessment

　Three blood pressure measurements (mmHg) were ob-
tained 5 minutes apart with a mercury sphygmoman-
ometer, and the last two measurements were averaged. 
The waist circumference (cm) was measured in the nar-
rowest part between the lowest rib and the top of the hip. 
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Table 1. Socio-demographic characteristics 

Variable Total Non-manual worker Manual worker p valuea

Age (yr)b

Height (cm)b

Weight (kg)b 
Body mass index (kg/m2)b

Place of residenceb

　Urban (dong)
　Rural (eup/myeon)
Type of homeb

　Apartment 
　Other than apartment
Individual incomec

　1st quartile (very low)
　2nd quartile (low)
　3rd quartile (high)
　4th quartile (very high)
Educationb

　Elementary school 
　Middle school
　High school
　College
Marriedd

　Yes
　No
　Don’t know 
Smoking statusb

　Current smoker
　Former smoker
　Never smoker
Drinking frequency (time/week)b

　None
　≤1
　2∼3
　≥4
　Don’t know 

48.6±5.6
169.2±5.8
69.9±9.6
24.4±2.9

1,744 (74.3)
604 (25.7)

1,243 (52.9)
1,105 (47.1)

497 (21.5)
606 (26.2)
588 (25.4)
623 (26.9)

325 (13.8)
370 (15.8)
875 (37.3)
778 (33.1)

2,281 (97.2)
57 (2.4)
9 (0.4)

1,067 (45.4)
904 (38.5)
377 (16.1)

201 (8.6)
955 (40.7)
676 (28.8)
410 (17.5)
106 (4.5)

47.6±5.4
170.1±5.6
71.5±9.2
24.7±2.8

1,012 (87.1)
150 (12.9)

723 (62.2)
439 (37.8)

141 (12.3)
253 (22.1)
328 (28.6)
423 (36.9)

50 (4.3)
64 (5.5)

381 (32.8)
667 (57.4)

1,145 (98.5)
12 (1.0)
5 (0.4)

466 (40.1)
475 (40.9)
221 (19.0)

99 (8.5)
516 (44.4)
342 (29.4)
154 (13.3)

51 (4.4)

49.7±5.6
168.3±5.9
68.4±9.6
24.1±24.1

732 (61.7)
454 (38.3)

382 (32.2)
804 (67.8)

356 (30.5)
353 (30.2)
260 (22.2)
200 (17.1)

275 (23.2)
306 (25.8)
494 (41.7)
111 (9.4)

1,136 (95.9)
45 (3.8)
4 (0.3)

601 (50.7)
429 (36.2)
156 (13.2)

102 (8.6)
439 (37.0)
334 (28.2)
256 (21.6)

55 (4.6)

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

＜0.001

＜0.001

＜0.001

0.343

＜0.001

＜0.001

Values are presented as mean±standard deviation or number (%).
aChi-squared test or t-test. bn=2,348, cn=2,314, dn=2,347.

Body weight (kg) and body height (cm) were also 
measured. Blood samples were obtained with the subject 
in the fasting state for 12 hours and the insulin, glucose, tri-
glycerides, and high-density lipoprotein cholesterol 
(HDL) were measured. 
　The diagnostic criteria for MetS had to satisfy three or 
more of the National Cholesterol Education Program-Adult 
Treatment Panel III criteria [4], as follows: 1) blood pressure 
≥130/85 mmHg and/or antihypertensive medication; 2) 
fasting blood sugar ≥110 mg/dL and/or antidiabetic medi-
cation; 3) waist circumference ≥90 cm; 4) HDL cholester-
ol ＜40 mg/dL; and 5) triglycerides ≥150 mg/dL and/or an-

tihypercholesterolemic medication.

3. Estimation of insulin resistance 

　Fasting insulin, the glucose/insulin ratio (G/I ratio), and 
the homeostasis model assessment of insulin resistance 
(HOMA-IR) were used to estimate insulin resistance [5]. 
The equations for the G/I ratio and HOMA-IR are as fol-
lows:
　ㆍG/I ratio=glucose/insulin
　ㆍHOMA-IR=(glucose×insulin)/405
　In this study, the insulin concentration was reported in 
μU/mL and glucose in mg/dL.
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Table 2. Age-adjusted mean of components of metabolic syndrome, fasting insulin, HOMA-IR, and G/I ratio according to
type of work

Variable Non-manual worker Manual worker p valuea

SBP (mmHg)b

DBP (mmHg)
WC (cm)b

FBS (mg/dL)
HDL (mg/dL)b

TG (mg/dL)
Fasting insulin (μU/mL)b

HOMA-IRb

G/I ratiob

Number of components of MetSb

119.5 (118.7∼120.4)
81.5 (80.9∼82.1)
86.3 (85.8∼86.8)

102.3 (100.8∼103.8)
46.5 (45.8∼47.2)

177.7 (168.7∼186.8)
9.7 (9.4∼10.0)
2.5 (2.4∼2.6)

12.1 (11.8∼12.4)
1.8 (1.7∼1.8)

121.8 (121.0∼122.7)
82.1 (81.4∼82.7)
84.8 (84.3∼85.2)

101.7 (100.2∼103.2)
48.2 (47.5∼48.9)

177.7 (168.7∼186.6)
9.1 (8.9∼9.4)
2.3 (2.2∼2.4)

13.2 (12.9∼13.6)
1.6 (1.5∼1.7)

＜0.001
0.194

＜0.001
0.591
0.001
0.997
0.006
0.017

＜0.001
0.008

Values are presented as an age-adjusted mean (95% confidence interval).
HOMA-IR: homeostasis model assessment of insulin resistance, G/I ratio: glucose-insulin ratio, SBP: systolic blood pressure, 
DBP: diastolic blood pressure, WC: waist circumference, FBS: fasting blood sugar, HDL: high-density lipoprotein cholesterol, 
TG: triglyceride, MetS: metabolic syndrome.
aMultiple linear regression test: adjusted for age. bStatistically significant.

4. Statistical analysis

　The 2,348 men were classified into two groups accord-
ing to the type of work (manual work vs. non-manual 
work). We compared the socio-demographic character-
istics including age, body mass index (BMI), place of resi-
dence, income, education, marital status, smoking status, 
and drinking frequency of these two groups. The age-ad-
justed mean of components of the MetS, fasting insulin, 
G/I ratio, and HOMA-IR were also compared between the 
two groups. Finally, the odds ratio (OR) for type of work in 
relation to MetS was evaluated after adjusting for potential 
confounders (age, place of residence, type of home, in-
dividual income, education, marital status, smoking sta-
tus, and drinking frequency).
　Statistical analyses were performed with the t-test, χ2 
tests, multiple linear regression test, and logistic re-
gression analyses, using the SPSS version 11.0 (SPSS Inc., 
Chicago, IL, USA). p＜0.05 was considered statistically 
significant.

RESULTS
1. Patient characteristics

　Table 1 shows the characteristics of the subjects in this 
study. Age was significantly higher in the manual worker 
group. At the same time, body weight and BMI were sig-

nificantly lower in the manual worker group. However, 
the rate of current smoking and frequent drinking (≥4 
time/week) was higher in the manual worker group. The 
percentage of residence in a rural area, living in an apart-
ment, very high individual income, and college education 
was higher in the non-manual worker group. There was no 
significant difference in marital status. 

2. Comparison of components of metabolic synd-
rome and surrogate markers of insulin resistance 
between manual and non-manual workers

　The prevalence of MetS was 25.0% in the manual work-
ers and 27.7% in the non-manual workers. After adjusting 
for age, systolic blood pressure was significantly higher in 
the manual group (Table 2). However, the manual worker 
group had better values for the other components of the 
MetS; that is, the waist circumference of the manual work-
ers was significantly lower than that of the non-manual 
workers, and the HDL of the manual workers was sig-
nificantly higher than that of the non-manual workers. In 
terms of surrogate makers of insulin resistance, all of the 
parameters including fasting insulin, the G/I ratio, and 
HOMA-IR indicated that there was significantly lower in-
sulin resistance in the manual workers. Additionally, the 
mean number of components of Mets was significantly 
higher in the non-manual workers.
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Table 3. Odds ratio for type of work in relation to metabolic syndrome

Variable Odds ratio 95% confidence interval p valuea

Non-manual work
Manual work
　Model 1
　Model 2
　Model 3
　Model 4
　Model 5
　Model 6
　Model 7
　Model 8

1.000

0.804
0.774
0.732
0.719
0.722
0.726
0.713
0.714

Reference

0.666∼0.971
0.636∼0.942
0.598∼0.895
0.584∼0.885
0.574∼0.907
0.577∼0.913
0.566∼0.898
0.567∼0.900

0.023
0.011
0.002
0.002
0.005
0.006
0.004
0.004

Odds ratios are listed with 95% confidence intervals with non-manual work as the reference category.
Model 1: adjusted for age; Model 2: adjusted for age and place of residence; Model 3: adjusted for age, place of residence, 
and type of home; Model 4: adjusted for age, place of residence, type of home, and individual income; Model 5: adjusted 
for age, place of residence, type of home, individual income, and education; Model 6: adjusted for age, place of residence, 
type of home, individual income, education, and marital status; Model 7: adjusted for age, place of residence, type of home, 
individual income, education, marital status, and smoking status; Model 8: adjusted for age, place of residence, type of 
home, individual income, education, marital status, smoking status, and drinking frequency.
aLogistic regression analysis.

3. Odds ratio for metabolic syndrome in relation to 
type of work

　After adjusting for age, the non-manual workers had a 
higher risk of the MetS than manual workers; that is, the 
OR in relation to MetS was significantly lower in the man-
ual workers (Table 3). Furthermore, the significant differ-
ence in OR by the type of work in relation to MetS was 
maintained when controlling for other potential con-
founding factors (place of residence, type of home, in-
dividual income, education, marital status, smoking sta-
tus, and drinking frequency).

DISCUSSION

　The aim of this study was to evaluate the relationship be-
tween type of work and both insulin resistance and MetS 
in middle-aged Korean men. To our knowledge, this is the 
first study to estimate insulin resistance (fasting insulin, G/I 
ratio, and HOMA-IR) in middle-aged men and examine 
the relationship between type of work and MetS. Our data 
suggest that manual work is related to a lower prevalence 
of MetS and lower insulin resistance compared to 
non-manual work.
　A few studies have demonstrated the effect of occupa-

tion on the prevalence of the MetS, but no data has been 
reported specifically concerning the relationship between 
occupation and MetS in middle-aged men. A cross-sec-
tional study conducted in Spain demonstrated that the 
age-adjusted prevalence of the MetS in men was similar in 
blue-and white-collar workers [6]. However, a Korean 
cross-sectional study [7] reported that the rate of MetS in 
men (＞50 years old) was significantly higher in non-man-
ual workers than manual workers (43.3% vs. 31.9%). In 
our study, the rate of MetS was 25.0% in the manual work-
ers and 27.7% in the non-manual workers. Without ad-
justing for age, the prevalence of MetS was non-sig-
nificantly higher in the non-manual worker group. 
However, after adjusting for age, a logistic regression anal-
ysis indicated that the prevalence of MetS was sig-
nificantly higher in the non-manual worker group. This 
difference is likely related to the difference in the average 
age between the two groups (Table 1). Additionally, the 
OR of MetS was significantly lower in the manual workers 
than the non-manual workers after adjusting for potential 
confounding factors. The previous Spanish data did not 
classify the MetS prevalence according to age. We think 
that this is responsible for those results being inconsistent 
with our data and previous Korean data. Therefore, it can 
be concluded that non-manual work may be associated 
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with MetS in middle-aged Korean men.
　Insulin resistance has been defined as a status in which 
more insulin is needed to maintain a normal serum glucose 
level [5]. Insulin resistance is known to be related to the 
pathophysiology of type 2 diabetes and is a hallmark of the 
MetS [8,9]. There are various methods for measuring insulin 
resistance [5]. Fasting insulin is known to detect insulin re-
sistance before clinical disease appears [10]. It was also re-
ported that the G/I ratio is a highly sensitive and specific 
measurement of insulin sensitivity [5]. HOMA-IR is another 
model of the relationship between glucose and insulin dy-
namics that predicts the fasting steady state glucose and in-
sulin concentrations for a wide range of possible combina-
tions of insulin resistance and β-cell function [5]. In this 
study, all of the aforementioned parameters indicated that 
manual work is related to significantly lower insulin 
resistance. This result is more evidence that manual work 
has a lower association with MetS than non-manual work.
　In this study, the manual workers consumed more to-
bacco and alcohol than the non-manual workers. It is well 
known that smoking and alcohol are directly correlated 
with hypertension [11]. The aforementioned issue might 
explain why the systolic blood pressure was significantly 
higher in the manual workers. In terms of MetS, the im-
pact of alcohol consumption on MetS remains uncertain, 
as the effect has not been consistent across several studies 
[12-17]. However, it has been reported that smoking is re-
lated to MetS and increases the risk of MetS [18-21]. 
Nevertheless, the OR for MetS was lower in the manual 
workers. Smoking might lead to visceral fat accumulation 
and insulin resistance, and it increases the risk of MetS 
[21]. However, all of the parameters of obesity (body 
weight, BMI, and waist circumference) of the non-manual 
workers were higher than those of the manual workers. 
The impact of smoking on MetS might have disappeared 
due to weight reduction through physical activity in-
volved in manual work. These issues would explain the 
relationship of non-manual work with a lower rate of 
MetS even though the manual workers consumed more 
tobacco. Our results suggest that clinical attention and 
health policy for weight control and MetS are necessary in 
non-manual workers. Additionally, education about 
smoking and alcohol is necessary for manual workers.
　In our study, to elucidate the role of age, place of resi-

dence, type of home, individual income, education, mar-
ital status, smoking status, and drinking frequency in rela-
tion to MetS and the type of occupation, we calculated the 
correlation after adjusting for these parameters in that 
order. After adjusting for these parameters, very little 
change occurred in the beta and p value for multiple linear 
regression. Therefore, the role of these parameters seems 
to have been limited in the relationship between lower uri-
nary tract symptoms/benign prostatic hyperplasia and 
MetS and the type of occupation. We believe that further 
clinical data are needed to elucidate the role of these pa-
rameters in MetS and the type of work.
　Several limitations of the present study warrant mention. 
First, the cross-sectional nature of the dataset makes causal 
inferences problematic. Second, we simply analyzed occu-
pation as manual work and non-manual work; thus a po-
tential bias may have occurred. Third, we did not adjust the 
physical activity factor in evaluating the relationship be-
tween MetS and the type of work because of very complex 
and segmented raw data on physical activity. This might be 
an important factor in their relationship. We believe that 
further clinical data are needed to elucidate the role of 
physical activity. Nevertheless, we think that our study is 
meaningful since this is the first study to elucidate an asso-
ciation between the type of work and insulin resistance, 
and it is the first study to elucidate an association between 
type of work and MetS in middle-aged men. 

CONCLUSIONS

　MetS and impaired insulin resistance are significantly 
related to non-manual work as compared to manual work 
in middle-aged Korean men. The results of this study may 
be helpful in establishing an effective health policy for 
middle-aged workers in Korea. 
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