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Low Economic Status Is Identified as an Emerging Risk
Factor for Diabetes Mellitus in Korean Men Aged 30 to
59 Years in Korean National Health and Nutrition
Examination Survey 2008 to 2010
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Background: We compared the association between economic status and the prevalence of diabetes mellitus (DM) using large
nationwide datasets covering the previous 10 years in Korea.

Methods: We analyzed the association between economic status and DM using Korean National Health and Nutrition Examina-
tion Survey (KNHANES) data from 2001 to 2010 weighted to represent the Korean population between 30 and 59 years of age.
The economic status of participants was classified into quartiles according to monthly family income with an equivalence scale.
Results: In men, the prevalence of diabetes in the lowest income quartile (Q1) was significantly higher than that in the other
quartiles in 2008 (age and body mass index-adjusted odds ratio [OR], 1.846; 95% confidence interval [CI], 1.126 to 3.027;
P=0.015), 2009 (OR, 1.706; 95% CI, 1.094 to 2.661; P=0.019), and 2010 (OR, 1.560; 95% CI, 1.024 to 2.377; P=0.039) but not in
2001 or 2005. The data indicated that classification in the lowest economic status was an independent risk factor for diabetes
even after adjusting for abdominal obesity, dyslipidemia, hypertension and education level in men of KNHANES 2008 to 2010.
Although economic status was significantly associated with abdominal obesity, hypertriglyceridemia, and hypertension in wom-
en (P<0.001), there was no significant association between economic status and DM in women.

Conclusion: Korean men between 30 and 59 years of age with the lowest economic status had a significantly higher prevalence
of DM in 2008 to 2010 even after adjusting for other risk factors.
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INTRODUCTION

The socioeconomic environment in South Korea has changed
rapidly as it has become one of the fastest developing countries
worldwide. South Korea’s gross domestic product grew 30-fold
between 1980 and 2010; it grew from US $ 651 billion in 2001 to
US $1,173 billion in 2010 [1]. During that 30-year period, the
prevalence of diabetes in South Korea also increased approxi-

mately 3-fold [2]. The prevalence of diabetes is also increasing
in other developing countries in Asia, such as China [3-5] and
India [6]. Although previous studies in developed countries
have demonstrated an inverse relationship between socioeco-
nomic status (SES) and the prevalence of type 2 diabetes [7-9],
high SES was reported to be associated with an increased risk of
diabetes in China [10] and India [11,12] in the 1990s, mainly
due to decreased physical activity and a Westernized diet pat-
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tern among people with high SES. However, recent analyses in
those countries show that the prevalence of diabetes in the low-
SES population has increased markedly and that low SES is
now a risk factor for diabetes [3,13]; this is concordant with
findings from developed countries [7-9].

It is important to investigate the associations between SES
and diabetes as well as other associated risk factors in order to
plan for public healthcare; however, little is known about these
associations in Korea. The prevalence of diabetes in South Ko-
rea remained stable in the 2000s, affecting 9% to 10% of Korean
adults aged =30 years [2,14]. However, we recently reported
that the prevalence of diabetes among women between 30 and
59 years of age exhibited a decreasing trend during 2001 to
2010, although the prevalence of diabetes has not changed
much over the past decade among Korean adults over 30 years
of age [15]. Because of these changes in the prevalence of dia-
betes in young adults in Korea [15], investigating whether there
is a difference in the changes of the prevalence of diabetes with
respect to SES may prove to be invaluable. Since 1998, the Ko-
rean Ministry of Health and Welfare has conducted a series of
Korea National Health and Nutritional Examination Surveys
(KNHANES) designed to be representative of the Korean pop-
ulation. We investigated and compared the association between
economic status and the prevalence of diabetes mellitus (DM)
among participants in the KNHANES between 2001 and 2010.

METHODS

Subjects

The KNHANES has been conducted on non-institutionalized
Korean civilians using a stratified multistage probability-based
sampling design. Subjects were selected for the survey according
to sampling units based on geographical area, sex, and age group
using household registries and economic status [14]. To ensure
the results represent the entire Korean population, weights are
assigned to each respondent. This weighting method guarantees
unbiased point estimates of population parameters for the entire
population and its subsets [16]. We selected and compared the
data from 2001 to 2010 except KNHANES 2007, as the number
of participants of KNHANES 2007 was too small to investigate
the association between diabetes and economic status.

In KNHANES 2010, a total of 10,938 individuals (from 3,840
families) aged >1 year were sampled as subjects for the health
survey; 8,958 subsequently participated in the health examina-
tion survey (participation rate, 81.9%). The numbers of partici-
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pants in KNHANES 2009, 2008, 2005, and 2001 were 10,078
(participation rate, 79.2%), 9,308 (participation rate, 74.3%),
7,597 (participation rate, 70.2%), and 9,770 (participation rate,
77.3%), respectively. Subjects aged 30 to 59 years were included
among the participants in each survey; they were selected for
the present study on the basis of the working age in Korea. After
excluding subjects whose income information was unavailable,
3,580 (98.6% of subjects aged 30 to 59 years), 4,156 (99.0% of
subjects aged 30 to 59 years), 3,803 (97.7% of subjects aged 30 to
59 years), 3,461 (99.2% of subjects aged 30 to 59 years), and
3,893 (94.0% of subjects aged 30 to 59 years) participants from
the KNHANES 2010, 2009, 2008, 2005, and 2001, respectively,
were finally included in our study.

Metabolic parameter measurement
In each study, anthropometric measurements were conducted
by well-trained examiners in the same manner. Weight was
measured to the nearest 0.1 kg using a calibrated balance beam
scale (Giant-150N; Hana, Seoul, Korea). Waist circumference
(WC) was measured to the nearest 0.1 cm from the narrowest
point between the lower borders of the rib cage and the iliac
crest at the end of normal expiration. Venous blood samples
were drawn after a 12-hour overnight fast, and plasma was sep-
arated immediately by centrifugation. Fasting plasma concen-
trations of glucose and lipids were measured enzymatically in a
central laboratory; a Hitachi Automatic Analyzer 7600 (Hitachi,
Tokyo, Japan), an Advia 1650/2400 (Siemens, New York, NY,
USA), and a 747-chemistry analyzer (Hitachi) were used in the
KNHANES 2008 to 2010, the KNHANES 2005 and KNHANES
2001, respectively. To confirm and compare the accuracy and
consistency of each survey in the KNHANES, commutable fro-
zen serum samples (n=40) were sent to the Centers for Disease
Control and Prevention (Atlanta, GA, USA) and analyzed using
the standard method according to the Clinical and Laboratory
Standards Institute guidelines (www.clsi.org/); with these data,
the conversion rate was obtained using Passing-Bablok regres-
sion. The conversion rate for the KNHANES was obtained using
the following method: (1) revised high-density lipoprotein cho-
lesterol (HDL-C; mmol/L)=0.860x HDL-C (KNHANES 2008
to 2010)+0.075; (2) revised HDL-C (mmol/L)=1.160x HDL-C
(KNHANES 2005)+1.800; and (3) revised HDL-C (mmol/
L)=0.712xHDL-C (KNHANES 2001)+0.320.

Cases of DM were defined as subjects who were using antidi-
abetic medication including insulin at the time of the survey,
had hemoglobin Alc =48 mmol/mol (6.5%), or had 8 hours
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fasting plasma glucose levels >7.0 mmol/L. In cases with <8
hours fasting, plasma glucose levels <7.0,7.0 to 11.1,and >11.1
mmol/L were classified as non-diabetes, unknown at present,
and diabetes, respectively. Hypertriglyceridemia was defined as
triglyceride level >150 mg/dL after at least 12 hours fasting; low
HDL-C was defined as <40 and <50 mg/dL in men and wom-
en, respectively, according to National Cholesterol Education
Program criteria [17]. Abdominal obesity was defined as WC
>90 and >80 cm in men and women, respectively, using the In-
ternational Obesity Task Force criteria for the Asian-Pacific
population [18], and hypertension was defined as blood pres-
sure >140/90 mm Hg or use of antihypertensive medication.

SES classification

Economic status was classified into quartiles according to stan-
dardized monthly family income with equivalence scaling as fol-
lows: equivalent income=mean monthly family income/(family
size)". As sex and age are very important determinants of family
income, each quartile (Q) was calculated independently for each
sex and age group; Q1 and Q4 were the lowest and highest equiv-
alent income quartiles, respectively. The mean monthly family
equivalent income in each quartile was published previously [19-
21]. Education level was categorized into two groups: high school
graduate or higher (=12 years of schooling) and less than high
school graduate (< 12 years of schooling).

Statistical analyses

All data were analyzed using SPSS version 18.0 (SPSS Inc., Chi-
cago, IL, USA). The results are presented as the mean +standard
error (SE) or prevalence (% and SE). Sampling weights were
used to account for complex sampling, and all analyses were
conducted independently for each sex. Age standardization was
not performed because this study was performed mainly to
compare the effect of economic status on diabetes prevalence in
each survey year, focusing on subjects aged 30 to 59 years. Lo-
gistic regression analysis adjusted for age and body mass index
(BMI) was used to identify differences in the prevalence of dia-
betes with respect to economic status in each survey. Linear re-
gression analysis was used to analyze the associations between
continuous variables and economic status adjusting for age. Lo-
gistic and linear regression analyses for categorical variables
were used for trend analysis according to economic status, ap-
plying the equivalent income quartiles as a continuous covari-
ate. The level of significance was set at P<0.05.
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1.560
(1.024-2.377)
1.339

OR® (95% CI)
(0.772-2.321)

2010

%* (SE)
360 11.4(1.8)
361 10.2(1.9)

6.7 (1.6)
360 7.7(1.4)
472 5.8(1.4)
475 53(1.2)
496 3.7 (1.0)
479 3.0(1.0)

No.
361

1.706
(1.094-2.661)
1.003

OR® (95% CI)
(0.622-1.616)

2009

% (SE)
434 112(1.7)
04 8.1(14)
7.6 (1.4)
424 55(L1)
5.2 (1.0)
559 5.9(1.1)
577 4.3 (1.0)
553 3.8(0.9)

418
562

No.

1.846
(1.126-3.027)
1.574

(0.946-2.618)

OR® (95% CI)
family monthly income/(number of family members)">. Q1 and Q4 are the lowest and

2008

%* (SE)
362 12.1(2.1)
376 6.1(1.3)
399 6.7 (1.4)
395 8.4(1.4)
509 6.5(1.2)
497 5.8(L.1)
518 3.8(1.0)
520 2.5(0.7)

1.061
(0.690-1.634)
0.738
(0.395-1.377)

2005
%" (SE) OR"(95% CI)

369 7.8(1.3)
359 8.1(L.6)
343 53(1.2)
377 8.6 (1.6)
474 3.5(0.9)
490 4.9 (1.3)
465 3.6 (1.0)
473 5.1(12)

No.

1.565
(0.893-2.743)
1.276

OR® (95% CI)
(0.755-2.157)

2001

%" (SE)

317 12.1(2.6)
324 7.8(15)
355 7.1(L.5)
337 10.0(1.8)
385 7.7(1.7)
410 4.6(L.1)
430 6.9(1.7)
438 5.9(1.3)

No.

Q2
Q3
Q4
Women
Q1
Q2
Q3
Q4

Table 1. Crude prevalence of diabetes mellitus according to socioeconomic status among Korean men aged 30 to 59 years in the KNHANES 2001 to 2010
“Crude prevalence of diabetes mellitus according to socioeconomic status, *Age and body mass index-adjusted OR of Q1 compared to the others (Q2 to 4).

KNHANES, Korean National Health and Nutrition Examination Survey; SE, standard error; OR, odds ratio; CI, confidence interval; Q, quartile.

Quartile of standardized family monthly income: standardized family monthly income

highest quartiles, respectively.

Variable

Men

—
W
O
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RESULTS

The prevalence of diabetes mellitus according to economic

status

The crude prevalence of DM in the study population aged 30 to
59 years of the KNHANES 2010, 2009, 2008, 2005, and 2001
was 6.9% (SE, 0.5%), 6.6% (SE, 0.5%), 6.5% (SE, 0.5%), 5.9%
(SE, 0.5%), and 7.6% (SE, 0.6%), respectively. In 2008 to 2010,
the prevalence of diabetes in the lowest quartile (Q1) was 12.1%
(SE, 2.1%) in 2008, 11.2% (SE, 1.7%) in 2009, and 11.4% (SE,
1.8%) in 2010 (Table 1, Fig. 1), which are significantly higher
than the other quartiles in each year (age and BMI-adjusted
odds ratio [OR], 1.846; 95% confidence interval [CI], 1.126 to
3.027; P=0.015 in 2008; OR, 1.706; 95% CI, 1.094 to 2.661;
P=0.019 in 2009; OR, 1.560; 95% CI, 1.024 to 2.377; P=0.039 in
2010). In contrast, in 2001 to 2005, there was no association be-
tween the prevalence of diabetes and economic status in men
(Table 1). In the case of women, although the prevalence of dia-
betes exhibited a trend of being lower according to higher eco-
nomic status in 2008 to 2010 (P for trend=0.001 in 2008, 0.175
in 2009, and 0.083 in 2010, respectively), Q1 showed no differ-
ence in the prevalence of diabetes compared to the others (Table
1). The association between economic status and the prevalence
of diabetes was not significant in either 2001 or 2005 in women.

Clinical characteristics according to economic status
We subsequently compared the anthropometric and biochemi-
cal parameters according to economic status in each KNHANES

m Q! = Q2

Men
20 1

Prevalence of diabetes mellitus (%)

2001

2005 2008 2009 2010

Year Q

(Table 2). Although Q1 of men showed a significantly higher
prevalence of diabetes in 2008 to 2010, there was no such trend
with respect to WC, triglyceride level, HDL-C level or prevalence
of hypertension according to economic status in those years (Ta-
ble 2). Furthermore, the association between BMI and economic
status in men in 2010 was contrary to that of diabetes and eco-
nomic status; BMI was higher as economic status was higher
(age-adjusted P=0.021). This positive correlation between BMI
and economic status was also found in men in KNHANES 2005
(age-adjusted P=0.001) (Table 2). In contrast, the data from
women showed higher BMI and WC as economic status de-
creased, irrespective of survey year (Table 2).

Risk factors of diabetes mellitus in the multivariate model
using KNHANES 2008 to 2010

Considering the other risk factors of DM such as dyslipidemia,
hypertension, and education level, we investigated whether
economic status was associated with diabetes independently
using a multivariate model. Even after adjusting for age, BMI,
hypertriglyceridemia, low HDL-C, abdominal obesity, hyper-
tension, and low education level, placement in the lowest in-
come quartile was a significant risk factor of diabetes in men of
KNHANES 2010 (OR, 1.755; 95% CI, 1.074 to 2.869; P=0.025;
model 6) (Table 3). As classification in the lowest income quar-
tile was significantly associated with diabetes in the analysis
adjusting for age and BMI in men of KNHANES 2008 to 2010,
we subsequently analyzed combined data from KNHANES
2008 to 2010 and found that the association between diabetes

Q3 Q4

Women

15

Prevalence of diabetes mellitus (%)

2001

2005 2008 2009 2010

Year 9

Fig. 1. Prevalence of diabetes mellitus with respect to economic quartiles in (A) men and (B) women aged 30 to 59 years in the
Korean National Health and Nutrition Examination Survey 2001 to 2010. Error bar represents the standard error. Quartile (Q)
of standardized family monthly income. Q1 and Q4 are the lowest and highest quartiles, respectively.
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Table 2. Anthropometric and biochemical parameters of subjects aged 30 to 59 years in the KNHANES 2001 to 2010

Parameter Q1 Q2 Q3 Q4 Pvalue®
2001
No. 895 951 1,051 996
Women, % 56.6 (1.2) 57.0 (1.4) 58.2 (1.1) 61.5(1.2)
Age, yr 43.0 (0.4) 42.6(0.4) 432 (0.4) 43.2(0.4)
BMI, kg/m’ Men 24.0(0.2) 23.7(0.1) 24.2(0.1) 24.2(0.1) 0.110
Women 24.0 (0.2) 23.8(0.2) 23.7(0.1) 23.1(0.1) <0.001
WC, cm Men 85.1 (0.4) 84.4(0.4) 85.7 (0.4) 85.5 (0.4) 0.167
Women 79.5 (0.6) 79.0 (0.5) 78.8 (0.4) 76.9 (0.4) <0.001
Tg, mg/dL Men 161.1(7.5) 174.4 (8.1) 164.1(7.9) 184.0 (15.1) 0.265
Women 124.3 (6.5) 119.9 (5.6) 120.4 (5.3) 106.9 (5.1) 0.039
HDL-C, mg/dL Men 44.0 (0.4) 43.9(0.5) 43.2(0.4) 42.9(0.4) 0.023
Women 45.7 (0.4) 47.1(0.4) 46.9 (0.4) 47.9(0.6) 0.002
HTN, % Men 34.4(2.7) 24.0 (2.6) 26.7 (2.4) 25.7 (2.5) 0.049°
Women 174 (2.2) 13.9 (2.0) 19.7 (2.1) 12.9 (1.8) 0.176°
2005
No. 876 875 835 875
Women, % 47.8 (1.5) 50.1 (1.3) 49.8 (1.4) 48.6 (1.6)
Age, yr 42.9 (0.4) 42.7 (0.4) 43.2(0.4) 42.8 (0.4)
BMI, kg/m’ Men 24.0(0.2) 24.1(0.2) 24.5(0.2) 24.8(0.2) 0.001
Women 23.9(0.2) 23.7(0.2) 23.7(0.2) 23.1(0.2) <0.001
WC, cm Men 84.1(0.5) 84.3(0.5) 85.2 (0.5) 85.6 (0.5) 0.012
Women 79.2 (0.5) 78.0 (0.5) 78.2 (0.6) 76.6 (0.5) <0.001
Tg, mg/dL Men 173.3 (8.8) 175.0 (10.6) 167.4 (8.8) 181.7 (11.6) 0.685
Women 115.1 (5.0) 105.5 (2.9) 111.3 (3.9) 109.1 (4.0) 0.434
HDL-C, mg/dL Men 47.9(0.7) 46.0 (0.6) 45.8(0.6) 46.1 (0.6) 0.036
Women 52.5(0.8) 53.8 (0.6) 53.5 (0.6) 53.9 (0.7) 0.166
HTN, % Men 30.9 (2.8) 25.2(2.3) 23.1(2.8) 25.5(2.4) 0.116°
Women 16.8 (2.0) 14.6 (1.9) 153 (2.2) 11.6 (1.8) 0.051°
2008
No. 940 931 967 965
Women, % 49.6 (1.5) 50.4 (1.5) 47.9(1.3) 48.9 (1.6)
Age, yr 43.4(0.3) 43.6(0.3) 43.1(0.4) 43.4(0.4)
BMI, kg/m’ Men 24.2(0.2) 24.4(0.2) 24.2(0.1) 24.6(0.2) 0.218
Women 23.8(0.2) 23.4(0.2) 23.2(0.2) 22.8(0.1) <0.001
WC, cm Men 84.7 (0.5) 85.2(0.5) 84.8 (0.4) 85.5(0.4) 0.269
Women 79.6 (0.5) 78.5 (0.5) 78.0 (0.5) 76.9 (0.5) <0.001
Tg, mg/dL Men 176.7 (8.5) 167.5 (13.0) 159.0 (7.9) 168.3(9.1) 0.433
Women 120.2 (5.3) 111.6 (4.7) 103.0 (3.9) 98.8 (3.4) <0.001
HDL-C, mg/dL Men 45.3 (0.6) 44.9 (0.5) 45.1(0.5) 44.4 (0.5) 0.358
Women 49.6 (0.5) 50.7 (0.5) 51.7(0.5) 52.6 (0.6) <0.001
HTN, % Men 26.4 (2.5) 24.1(2.4) 24.4(2.1) 20.5(2.2) 0.120
Women 18.0(1.8) 14.8 (1.8) 16.0 (1.8) 14.4(1.7) 0.170

(continued to the next page)

http://e-dmj.org  Diabetes Metab J 2015;39:137-146 141



.
d mJ Koo BK, et al.
Table 2. Continued
Parameter Q1 Q2 Q3 Q4 Pvalue®
2009
No. 1,073 1,032 1,027 1,022
Women, % 49.0 (1.5) 49.6 (1.5) 49.3 (1.3) 49.0 (1.3)
Age, yr 43.3(0.3) 44.1(0.4) 43.4(0.4) 43.7(0.5)
BMI, kg/m? Men 24.2(0.2) 24.4(0.2) 24.3(0.2) 24.5(0.2) 0.223
Women 23.9(0.2) 23.8(0.1) 23.1(0.2) 22.9(0.1) <0.001
WC, cm Men 84.5(0.5) 84.5(0.5) 84.6 (0.5) 85.1(0.5) 0.364
Women 79.1 (0.5) 78.6 (0.4) 77.3 (0.5) 76.3 (0.5) <0.001
Tg, mg/dL Men 168.5 (7.9) 173.8 (8.8) 163.0 (8.7) 152.6 (7.0) 0.112
Women 114.9 (5.3) 111.2 (4.3) 107.7 (4.1) 99.5 (3.0) 0.013
HDL-C, mg/dL Men 45.1(0.5) 44.2 (0.5) 45.6 (0.5) 45.0 (0.6) 0.658
Women 50.1 (0.5) 50.9 (0.8) 49.9 (0.4) 51.0 (0.5) 0.438
HTN, % Men 23.8(2.3) 27.3(2.4) 24.0 (2.5) 21.6 (2.2) 0.294
Women 13.0 (1.6) 18.0 (1.8) 11.6 (1.8) 11.6 (1.6) 0.045
2010
No. 897 889 909 885
Women, % 48.3(1.4) 49.0 (1.5) 50.4 (1.4) 48.5(1.5)
Age, yr 43.9(0.4) 43.9(0.4) 43.9(0.5) 43.6 (0.4)
BMI, kg/m’ Men 23.9(0.2) 24.6(0.2) 24.0(0.2) 24.8(0.2) 0.021
‘Women 23.6(0.2) 23.4(0.2) 23.3(0.2) 22.8(0.2) 0.005
WC, cm Men 84.0 (0.5) 85.2 (0.5) 84.0 (0.5) 85.5 (0.6) 0.141
Women 78.2 (0.6) 77.8 (0.5) 77.5 (0.5) 76.3 (0.6) 0.019
Tg, mg/dL Men 181.1(12.4) 180.0 (10.3) 161.1(8.2) 174.3 (16.5) 0.559
‘Women 113.0(5.1) 103.1 (3.6) 101.6 (3.7) 104.5 (5.3) 0.178
HDL-C, mg/dL Men 45.9(0.8) 45.5(0.6) 44.9 (0.6) 45.4(0.6) 0.394
Women 50.9 (0.6) 51.1(0.5) 52.0 (0.5) 52.7 (0.6) 0.014
HTN, % Men 24.5(2.6) 23.9(2.4) 25.7(2.7) 22.5(2.6) 0.964°
‘Women 15.7 (1.8) 13.0(1.8) 15.1(1.8) 14.4(2.2) 0.620°

Values are presented as means or percentages with standard error in the parentheses. Quartile of standardized family monthly income: stan-
dardized family monthly income=family monthly income/(number of family members)"?. Q1 and Q4 are the lowest and highest quartiles, re-

spectively.

KNHANES, Korean National Health and Nutrition Examination Survey; Q, quartile; BMI, body mass index; WC, waist circumference; Tg, tri-

glyceride; HDL-C, high density lipoprotein cholesterol; HTN, hypertension.
“P for trend from the linear regression analysis adjusting for age, *P for trend from the logistic regression adjusting for age.

and economic status in men was significant in diverse multivar-
iate models (Table 3). Other than lowest income status, hyper-
triglyceridemia (OR, 1.461; 95% CI, 1.038 to 2.057; P=0.030),
low HDL-C (OR, 1.477; 95% CI, 1.075 to 2.030; P=0.016), hy-
pertension (OR, 1.601; 95% CI, 1.174 to 2.184; P=0.003), age
(P<0.001), and BMI (P=0.023) were also associated with DM
in a multivariate model in men of KNHANES 2008 to 2010.
However, neither education level nor abdominal obesity was
significantly associated with diabetes. In the case of women dur-

142

ing the same period, DM was associated with abdominal obesity
(OR, 2.562; 95% CI, 1.581 to 4.149; P<0.001), hypertriglyceri-
demia (OR, 3.326; 95% CI, 2.177 to 5.082; P<0.001), hyperten-
sion (OR, 2.133; 95% CI, 1.493 to 3.049; P<0.001), and age
(P<0.001), but not with income status, education level or low
HDL-C. As postmenopausal status is independently associated
with abdominal obesity [22,23] and metabolic syndrome [24], we
additionally adjusted menopausal state in the analysis of the wom-
en of KNHANES 2008 to 2010 and confirmed that only abdomi-
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Table 3. The risk of diabetes mellitus of the lowest income quartile compared to the others among subjects aged 30 to 59 years in
the KNHANES 2008 to 2010 in multivariate model

) 2008 2009 2010 2008-2010
Variable OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue
Men Model 1 1.793(1.107-2.904) 0.018 1.645(1.071-2.526) 0.023  1.425(0.930-2.184) 0.103  1.609 (1.250-2.072) <0.001
Model 2 1.846 (1.126-3.027) 0.015 1.706 (1.094-2.661) 0.019  1.560 (1.024-2.377) 0.039  1.698 (1.310-2.201) <0.001
Model 3 1.525(0.798-2.912) 0.200 1.806 (1.085-3.005) 0.023  1.776 (1.098-2.874) 0.020  1.710(1.257-2.328) 0.001
Model 4 1.541(0.808-2.938) 0.188 1.751(1.057-2.900) 0.030  1.784(1.111-2.866) 0.017  1.691 (1.246-2.294)  0.001
Model 5 1.536(0.801-2.946) 0.195 1.743 (1.050-2.893) 0.032  1.759(1.082-2.859) 0.023  1.715(1.252-2.349)  0.001
Model 6 1.837(0.943-3.578) 0.073 1.656(0.955-2.871) 0.072  1.755(1.074-2.869) 0.025 1.677(1.233-2.281) 0.001
Women Model 1 1.662 (1.028-2.688) 0.038 1.124 (0.713-1.770) 0.613  1.462(0.831-2.575) 0.187  1.396 (1.041-1.871) 0.026
Model 2 1.574(0.946-2.618) 0.080 1.003 (0.622-1.616) 0.991  1.339(0.772-2.321) 0.297  1.279 (0.948-1.724) 0.107
Model 3 1.512(0.855-2.674) 0.154 0.790 (0.429-1.455) 0.446  1.264 (0.653-2.450) 0.485 1.156 (0.808-1.654) 0.427
Model 4 1.629 (0.908-2.924) 0.101 0.780 (0.429-1.416) 0.411  1.331(0.693-2.556) 0.389  1.193 (0.841-1.694) 0.322
Model 5 1.613(0.890-2.921) 0.114 0.810(0.446-1.470) 0.486  1.305(0.680-2.504) 0.421  1.192(0.841-1.688) 0.322
Model 6 1.431(0.810-2.528) 0.216 0.902 (0.482-1.689) 0.746  1.335(0.686-2.601) 0.393  1.203(0.846-1.711)  0.304

Model 1, income; Model 2, income, age, and body mass index (BMI); Model 3, income, age, BMI, and hypertriglyceridemia; Model 4, income,
age, BMI, hypertriglyceridemia, low high density lipoprotein cholesterol (HDL-C), and abdominal obesity; Model 5, income, age, BMI, hyper-
triglyceridemia, low HDL-C, abdominal obesity, and hypertension; Model 6, income, age, BMI, hypertriglyceridemia, low HDL-C, abdominal

obesity, hypertension, and education level.

KNHANES, Korean National Health and Nutrition Examination Survey; OR, odds ratio; CI, confidence interval.

nal obesity (OR, 2.557; 95% CI, 1.576 to 4.151; P<0.001), hypertri-
glyceridemia (OR, 3.333; 95% CI, 2.186 to 5.081; P<0.001), hyper-
tension (OR, 2.181; 95% CI, 1.523 to 3.123; P<0.001), and age
(P<0.001) were associated with diabetes.

DISCUSSION

Our analysis of data from population-based surveys in Korea
carried out 10 years apart indicates that the association be-
tween economic status and the prevalence of diabetes in men
was more prominent in 2008 to 2010 than 2001 or 2005. Low-
est income status was a significant risk factor for DM in men
of KNHANES 2008 to 2010 even after adjusting for other risk
factors of diabetes. Interestingly, in that period, although hy-
pertriglyceridemia, low HDL-C, hypertension, and BMI were
also associated with DM in men, there was no difference in
WC, triglyceride level, HDL-C level, or prevalence of hyper-
tension across economic status in men. Furthermore, in men
of KNHANES 2010, BMI was significantly lower as economic
status was lower. In women, BMI was significantly higher as
economic status was lower throughout the study period. How-
ever, the association between economic status and DM in
women was less prominent than in men. After adjusting for
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age and BMI, there was no significant association between
economic status and DM in women. Even using the combined
data of KNHANES 2008 to 2010, abdominal obesity, hypertri-
glyceridemia, and hypertension were associated with DM in
women, but economic status was not.

We could not determine the exact cause of the recent in-
equality in the prevalence of diabetes with respect to economic
status due to the combined cross-sectional study design; how-
ever, many previous studies have reported health inequality
according to SES. People at the lower end of the social hierar-
chy had higher morbidity and mortality rates than their coun-
terparts [25,26]. Health inequality according to SES was asso-
ciated with maternal health [27], adverse childhood circum-
stances [27], unemployment [28], and lower social support at
work [29], along with unhealthy behavior such as smoking
[26] and alcohol consumption [26]. Depression [30,31] and
stress [32] have been reported to be risk factors for diabetes. An
imbalance in effort-reward [33] and psychosocial stress at work
[34], both of which are frequently found in low-paid jobs, are
independent risk factors for type 2 diabetes. The high preva-
lence of such risk factors in the low-income group might play a
role in the associated high prevalence of diabetes.

South Korea experienced an economic crisis in 1997, which
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occurred in the midst of rapid economic growth and had strong
sociological impacts. Since then, the proportion of households
in Korea living below the poverty threshold increased dramati-
cally from 3.1% to 11.6% [35]. Along with this change in the
economic environment, socioeconomic health inequality has
increased in the Korean population [36,37]. Recent reports
show that from 2007 to 2008, Korean women in low-income
and low-education groups were twice as likely to suffer from
metabolic syndrome as their high-income and high-education
counterparts [38], which is also consistent with a recent report
in China [3]. Such changes in the social and economic environ-
ment and the consequent stress of these changes might result in
the close association between SES and diabetes in that cohort.

In addition, previous longitudinal studies show that SES is
clearly related to subsequent changes in physical activity, which
result in disparities in the prevalence of metabolic diseases with
respect to SES in both developed [27] and developing countries
[13].

In the present study, economic status was significantly associ-
ated with abdominal obesity, hypertriglyceridemia, and low
HDL-C in women; these metabolic dysfunctions were more
common among women with lower economic status. Although
there was also a significant association between diabetes and the
lowest income level in women of KNHANES 2008 to 2010 using
monovariate analysis, the statistical significance disappeared af-
ter adjusting for other metabolic risk factors, which suggests that
the unfavorable metabolic risk in the lowest income group in-
creases the prevalence of diabetes. It is well-known that obesity
is one of the most important risk factors for diabetes in women.

The first limitation of the present study is that family monthly
income information is based on self-reported questionnaires. It
has been reported that self-reported family income and health
surveys affect each other significantly [39,40]. Furthermore, we
only used equivalent income as a marker of economic status,
while other studies have compared various socioeconomic
markers such as education level [3,38]. Our preliminary analysis
revealed that age inequality in education level was very promi-
nent throughout the survey; younger populations have higher
education levels. In particular, in 2001, the proportion of sub-
jects with <9 years of schooling was 10.1%, 37.6%, and 64.1% in
respondents in their 30s, 40s, and 50s, respectively (detailed
data not shown). Although we did not include education level
as a socio-economic marker, we adjusted education level when
using multivariate analysis. The second limitation is that our
study is based on a cross-sectional database. Although low eco-
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nomic status was a risk factor for DM in men between 30 and
59 years of age in the Korean population in recent years, we can
establish neither a causal relationship nor an underlying mecha-
nism for this association. Finally, a relatively small number of
study subjects might weaken the statistical power of the analy-
sis. Only 300 to 500 subjects per each economic quartile in each
KNHANES were included for analysis. However, we used large
nationwide datasets with high participation rates and observed
that the effect of economic status on the prevalence of diabetes
in the Korean population changed over the last 10 years. This
finding could have very important implications in national pub-
lic health policy planning.

A recent epidemiologic study shows that diabetes approxi-
mately doubles the risk of cerebrovascular diseases and cardio-
vascular diseases such as angina and myocardial infarction in
the Korean population [41]. Furthermore, diabetes-related
mortality in Korea has increased 3-fold over the past 20 years
[42]. Given the large economic burden of diabetes-related
health problems, policymakers should consider health inequal-
ities when planning national public health strategies. Early de-
tection of diabetes increases opportunities for effective man-
agement. The high risk of diabetes among populations with
lower economic status warrants public health strategies such as
improved access to diabetes screening. Poorer and less-educat-
ed people have inadequate access to primary prevention, early
diagnosis and appropriate management [43,44], which can be
overcome as it has in some countries [9,27]. Health promotion
aimed at encouraging exercise or other lifestyle modifications
to reduce obesity represents another possible strategy for pre-
venting diabetes in populations with lower economic status;
this strategy has proven successful in India [13].

In conclusion, Korean men between 30 and 59 years of age
with the lowest economic status had a significantly higher
prevalence of DM between 2008 and 2010, even after adjusting
for other metabolic risk factors. Given the economic burden of
diabetic complications, improved access to diabetes screening
is warranted in this population.
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