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Purpose: The objective of this study was to provide a trend analysis of the prevalence of diabetes relative to the socioeconomic, lifestyle,
and physiologic risk factors among Korean adults aged over 30 years for a 10-year period using data from the Korean National Health
and Nutrition Examination Survey. Methods: Prevalence difference and the slope index of inequality were calculated for each risk factors
using binomial regression by considering the repeated cross-sectional features of the data. The prevalence ratio and the relative index of
inequality were calculated using log-binomial regression. Linear trend tests were performed using SAS 9.2. Results: Crude prevalence of
diabetes increased over the 10-year period, and was higher for men than for women. It was very high for adults 60 years or over, consis-
tently increasing over time. The prevalence among unemployed men, women with higher level of stress, women with hypertension, and
adults with serum triglyceride levels over 135 mg/dL increased over the 10-year period in comparison with the respective control group.
Conclusion: Considering the rapid economic development and associated lifestyle changes in Korea, action should be taken to control
the prevalence of diabetes by both preventing and consistently monitoring these identified risk factors using a public-health approach.
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INTRODUCTION

The prevalence of type 2 diabetes, ranked as one of the top five causes
of death worldwide, has been gradually increasing, and particularly rap-
idly in Asia[1]. In Korea, type 2 diabetes with complications was reported
to be one of the top five causes of death in 2011[2]. Diabetes is a progres-
sive and chronic disease, and a complete recovery from it is unlikely
once it has developed. Furthermore, it can cause acute and chronic com-
plications that without a change in lifestyle and constant management

can be life-threatening to the patient. It has been reported that 60.0% of

Korean diabetes patients are not able to maintain their serum glycosy-
lated hemoglobin (HbAIc) level, which is used as a marker of blood
sugar management, within 7.0% of the norm. Of these, 41.0% were
smokers and 44.5% ingested alcohol once a week. Thus, among the Ko-
rean patients reviewed in that study, the management of diabetes was
poor[3].

The risk factors of diabetes have been well established from the many
previous studies on the disease for decades with gender and age being
the most repeatedly confirmed factors[4,5]. There is some evidence that

the prevalence of diabetes also depends on area of residence[l], and so-
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cioeconomic factors such as income, education level, marital status, and
employment status[6,7]. With respect to lifestyle risk factors for type 2
diabetes, exercise and physical activity are known to be protective
factors[8], while stress was found to be a risk factor specific to women([9).
There is controversial evidence regarding smoking[10] and drinking[11].
'The physiologic risk factors of diabetes are reported to be hypertension,
serum triglyceride, high density lipoprotein (HDL) cholesterol[12], and
body mass index (BMI)[10-12].

However, risk factors determined from cross-sectional studies have
practical limitations with respect to explaining the necessity for steady
control of diabetes, as changes in social structure and lifestyle can affect
its prevalence[l]. Thus, rather than simply identifying risk factors from a
cross-sectional study, it is necessary to examine the pattern of the preva-
lence of diabetes over time. Such patterns of the prevalence of diabetes
and trends of risk factors over certain periods of time have been studied
using national data, but mostly only in USA[13,14] and Europel6,15,16].
Moreover, most of these studies simply compared the prevalence of dia-
betes at two time points (e.g., between the start and end time points of
the study period) or focused only on particular risk factors, such as so-
cioeconomic factors. Few studies have investigated the trend of the prev-
alence of diabetes in Asia including Korea, where it is increasing rapidly
with simultaneous dramatic socioeconomic development([3]. A recent
study that compared the prevalence of diabetes between Caucasians and
Asians aged over 18 years between 1997 and 2008 using National Insti-
tutes of Health Standards (NIHS) data showed that the prevalence of di-
abetes increased more among Asians than among Caucasians, and was
higher among Asian Indians compared to the other populations
studied([13]. In only two studies was the trend of crude, age-standardized,
or BMI-standardized prevalence of diabetes in Korea investigated[4,5].
However, in neither of these studies was a trend analysis relative to the
known risk factors of diabetes performed. This lack indicates that a trend
analysis of the prevalence of diabetes in Korea in terms of various risk
factors is important for understanding trends over time and for neces-
sary health interventions to be taken.

Using three sets of national data obtained in 2001, 2005, and 2009, the
objectives of this study were (i) to determine the pattern of the preva-
lence of diabetes over a 10-year period, and (ii) to determine the trend in
the prevalence of diabetes according to risk factors selected from exist-
ing research and categorized by socioeconomic, lifestyle, and physiologic

factors.
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METHODS

1. Study design

This study was a secondary analysis design using national data from a

repeated cross-sectional survey study.

2. Setting and sample

The Korean National Health and Nutrition Examination Survey
(KNHANESY) data collected by the Ministry of Health and Welfare
(MHW) and the Korea Centers for Disease Control and Prevention
(KCDC) from 2001 to 2009 were used in this study. The KNHANES is a
repeated cross-sectional study for which all households in Korea are tar-
geted and samples are selected with a stratified multistage sampling de-
sign every survey year. The data included a random sample of 37,878 in
2001, 34,145 in 2005, and 24,871 in 2009. The study population com-
prised adults older than 30 years, which is the age at which it is believed
the prevalence of diabetes begins to increase. Those who were under the
age of 30, didn't have at least 8-hours of fasting or without information
on risk factors were excluded. The final size of the studied population
was 3,407 in 2001, 4,216 in 2005, and 5,630 in 2009.

As the analyzed data were publicly available, this study did not need
the approval of the institutional review board. Study permission to use

the data was obtained from the KCDC before this study was conducted.

3. Measurement

According to the revised criteria for diabetes diagnosis of the Ameri-
can Diabetes Association published in 1997 and 2003, participants were
classified as diabetes patients when they answered in an interview that
they had suffered from diabetes within the year preceding the interview,
they had been diagnosed with diabetes by doctors, they were taking an
oral hypoglycemic agent or insulin therapy, or their 8-hour fasting glu-
cose level exceeded 126 mg/dL.

The survey to ascertain socioeconomic and lifestyle data was con-
ducted by self-report and interview methods. The anthropometric
height and weight data, and laboratory data were measured or observed
ata hospital or institution selected by MHW and KCDC. Additional de-

tails about sampling design and methods can be found elsewhere[17].
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4. Data collection

The risk factors of diabetes that were considered in this study were se-
lected based on previous research. The socioeconomic factors included
gender, age, area of residence (urban/rural), monthly income (< $1000,
$1000~$2,999, =$3000), education level (elementary school/middle
school/high school/university), marital status (married/unmarried), and
employment status (yes/no). Age obtained from interview and self-re-
ported data were categorized into 10-year periods. Marital status was
classified as married or unmarried, with unmarried being defined as
single, separated, divorced, separated by death, or other. The participant’
s employment status was determined according to economic activity;
housewives and soldiers were categorized into the unemployed category.
Monthly income was determined using the minimum cost of living for
afamily of four for the year of the survey.

The lifestyle factors included current smoking (yes/no), current alco-
hol consumption (yes/no), exercise (yes/no), and stress (high/low). Exer-
cise was affirmed if the participant regularly undertook exercise for
more than 30 minutes weekly.

The physiologic factors, as assessed by physical examination and labo-
ratory testing, included hypertension (yes/no), BMI (<18.5 kg/m?,
18.5~24.9 kg/m’, =25 kg/m’) and serum total cholesterol (=200 mg/dL,
<200 mg/dL), triglyceride (=135 mg/dL, <135 mg/dL), and HDL cho-
lesterol (=45 mg/dL, <45 mg/dL). Hypertension was determined if the
participant had a systolic blood pressure =140 mmHg, diastolic blood
pressure =90 mmHg or was currently taking medications. Each partici-
pant’s BMI was ascertained by physical examination to obtain their

height and weight, and categorized into three levels according to NIHS.

5. Data analysis

The crude prevalence of diabetes for each gender was calculated at
each age group. The age-adjusted prevalence of diabetes for gender and
associated 95% confidence intervals were calculated via a binomial
model according to each risk factor by taking into account sample
weights of KNHANES.

Trend analysis employed in this paper is often used to access a pattern
of behavior or an event of interest in a repeated measurement. In a longi-
tudinal data, regression analysis or time series analysis can be used to
find the underlying trend. However, a repeated cross-sectional data re-

quires a different approach to account for its structural characteristics.

http://dx.doi.org/10.4040/jkan.2014.44.6.743

Instead of odds ratios, which represent comparisons of personal charac-
teristics, the prevalence difference (PD) and prevalence ratio (PR) were
used by considering the repeated cross-sectional feature of the
KNHANESJ18]. PD compares the absolute size of the prevalence by
evaluating the difference between the prevalence at the level of each risk
factor, and PR provides information regarding the proportion of adults
with the disease relative to adults with each risk factor. For socioeco-
nomic factors, including education level and monthly income, the slope
index of inequality (SIT) and the relative index of inequality (RII) were
obtained[19]. SIT and RII are calculated using the prevalence from lower
level to higher level of a risk factor by order. SII reveals the absolute dif-
ference in prevalence between those both end levels of a risk factor and
the RII shows the proportion of prevalence between both end levels of a
risk factor. A binomial regression model was used to estimate the PD
and SIT and the linear trend test of PD and SII was conducted by obtain-
ing the p value for an interaction between the independent variable and
the variable that represents the survey year[20]. A similar procedure us-
ing a log-binomial regression was used to estimate the PR and RII and
the linear trend test of PR and RIL All analyses were conducted using

SAS Version 9.2 statistical software.

RESULTS

The crude prevalence increased between 2001 and 2009 particularly
for both genders (Z=-4.94, p<.001); the prevalence of diabetes for men
was higher than that for women throughout the 10-year period. As for
age, the prevalence became higher for women aged over 50 years, while it
became higher for men aged over 40 years. Also, it was very high for both
genders aged over 60 years, while men aged over 60 years showed higher
prevalence than women aged over 60 years since 2005. The crude preva-
lence of people aged over 60 years was statistically significantly increasing
for men (Z=-2.93, p<.001) and women (Z=-144, p=.020) (Table 1).

Among socioeconomic factors, the increasing trend in PD of the age-
adjusted prevalence of diabetes for employment status among men was
significant (¥*=5.11, p=.020). Specifically, the prevalence of diabetes
among unemployed men increased significantly over time, whereas that
of employed men exhibited a decreasing trend. The prevalence of diabe-
tes among unemployed men was lower than that among employed men
in 2001, but the former has been higher since 2005. For women, there
was no significant change in the PD and PR according to employment

status (Table 2).
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Among lifestyle factors, both PD and PR of the prevalence of diabetes ~ women with a high level of stress, but fluctuated among women with a
appeared to show an increasing trend for stress among women over time ~ low level of stress (Table 3).
(X*=5.56, p=.016 and 1> =4.62, p=.035 respectively). Moreover, the Among physiologic factors, a statistically significant increasing PD or
prevalence of diabetes of women with stress was dependent upon the PR over time was found for the following risk factors; the PD and PR of

degree of stress, such that it increased significantly over time among  the prevalence of diabetes for hypertension for women (x> = 6.45, p=.009

Table 1. Crude Prevalence of Type 2 Diabetes by Survey Year and Gender (N=13,253)

Characteristics Categories 2001 (n=3,407) 2005 (n=4,216) 2009 (n=5,630) Z* (p)

All participants 7.7" 9.8 11.8 -4.94 (<.001)

Male 8.3 12.0 13.7 -3.54 (<.001)

Age (year) 30-39 34 13 2.4 1.38 (.158)
40-49 7.8 9.4 74 1.25 (.298)
50-59 12.1 19.2 15.2 -0.28 (.222)
=60 12.7 19.3 23.0 -2.93 (<.001)

Female 7.2 8.1 104 -3.48 (<.001)

Age (year) 30-39 2.9 1.1 2.5 0.92 (.308)
40-49 2.9 4.3 44 -1.23(.092)
50-59 85 10.1 9.2 0.40 (.396)
=60 16.4 17.6 20.3 -1.44 (.020)

*Statistic for Cochran-armitage trend test; "The prevalence measurement unit is the percentage (%).

Table 2. Age-adjusted Prevalence of Type 2 Diabetes according to Socioeconomic Factors by Survey Year and Gender (N=13,253)
Men (n=5,610) Women (n=7,643)
Variables 2001(n=1443)  2005(n=1789)  2000(n=2378) 2001(n=1964)  2005(n=2427) 2009 (n=3252)
Prevalence (95% CI) Prevalence (95% Cl) Prevalence (95% Cl) Prevalence (95% CI) Prevalence (95% Cl) Prevalence (95% Cl)

Al participants 9.27(7.56-10.96) 109(9.15-11.64) 11.0(9.79-1253) 8.33(004) 7.7 (6.07-8.94) 7.8(6.36-9.18) 9.2(7.79-10.46) 8.14(.006)
Area of residence

Rural 11.7 (10.05-13.25) 12.0(10.59-13.48) 12.2(10.84-13.59) 9.2 (8.04-10.44) 8.5(7.39-9.46) 9.8 (8.46-10.99)

Urban 13.0(9.64-16.21) 100 (8.76-11.24) 11 7(954-13.82) 104(674-1410)  81671-941)  88(7.01-10.69)

PDRuralvs. Uban -1.3(-6.11-362)  20(-063-472)  05(-2.98-4.15) 0.63 (41 -1 2(-6.13-367)  04(-199-275) 0.1 (-2.19-4.03) 0.92(343)

PRRuralvs. Urban 0.9 (0.62-1.37) 2(095-153) 0(078-143  040(57 ) 09(062-137)  11(079-142  1.1(0.79-157) 0.09(826)
Education level

Elementary 12.8(844-17.32) 12.8(8.89-16.67) 12.6(9.21-16.00) 04(6:68-1197) 119(0.35-14.29) 13 1(10.47-15.70)

Middle school 109(6.55-15.06) 11.3(7.82-14.69) 167 (11.82-21.59) 83(.63-1092)  7.8(4.12-1136) 7.2(4.71-9.72)

High school 125(9.87-1529)  12.3(10.09-14.38) 11.1(8.96-13.18) 82(620-1024)  67(541-804)  87(7.14-10.29)

University 0.8(7.98-11.64) 10.2 (854-11.92) 11.0(9.06-13.02) 7.1(6.22-9.09) 6 1(465-738  7.1(5.17-8.99

sl 31(-320-925)  26(-298-821) 16(-3.79-685) 028(611) 23(-232-681)  5.8(2.03-9.59) 0(1.51-10.46) 3.06(.091)

RI 13(0.72-2.16) 3075-196)  12071-176 171(178 13(074-231)  20(127-304)  19(1.17-302) 0.14(822)
Marital status

Else 12.4(867-1629 11.3(9.18-1343) 15.8(10.18-21.36) 85(.07-1203  7.1(6.16-7.96)  7.5(6.44-857)

Married 117 (10.07-13.25) 11.7(10.30-13.12) 11.8(10.55-13.06) 04(813-1059  86(7.70-947)  99(8.77-11.02)

PDEsevs. Maried 07 (-4.59-6.10) -04(-385-3.12)  4.0(-2.88-10.83) 0.73(360) -09(-552-8349) -1.5(-3.33-0.33) -2.4 (-4.61--0.24) 0.72 (413)

PREevs. Mared 1.1(065-160)  1.0(0.70-1.30)  1.3(078-202) 1.26(211) 09(048-148)  08(065-1.04  08(058-098 0.05(897)
Employment Status

No 88(7.53-10.34) 13.8(10.17-17.39) 15.4(10.56-20.18) 9.3(7.60-11.00) 9 1(7.99-1026) 102 (8.79-11.71)

Yes 115(9.78-13.08)  11.1 (9.56-12.59) 11 1(0.73-1261) 03(7.70-1088)  7.7(658-880)  89(7.48-10.31)

PDNovs. Yes 06(-556-052) 27(-242-765) 43(-204-1049) 511(020) 00(-320-330) 14(-077-378 03(-147-417) 085(374)

PRNovs. Yes 08(057-1.05)  1.2(0.81-1.79) 4(084-208 073(4000 10(0.70-143)  12(091-156  1.0(085-156) 0.62(480)
Monthly income ($)

<1,000 130(9.01-17.09 11.9(9.72-13.95) 152 (11.43-19.02) 100(757-12.46)  7.3(6.44-824)  10.4(8.44-12.45)

1,000-2,999 109(9.16-1261) 11.2(9.53-13.04) 12.6(10.53-14.74) 88(7.07-1038)  86(7.39-987) 10.3(8.49-12.05)

>3,000 10.6(8.16-13.07)  11.6(9.72-13.48) 10 7(9.02-12.30) 97(7.23-1231)  78(6.71-903  87(7.21-10.16)

] 24(-409-882)  03(-8.77-430) 4.5(-0.86-10.01) 0.64(478) 03(-4.69-532) -05(-264-147) 1.7(-1.84-526) 0.4 (532)

RI 12(069-207  10072-144)  14(098-211) 086(362 10062-174)  09071-129  10(078-143) 0.06(864)

*Chi-square statistic for linear trend test; "The prevalence measurement unit is the percentage (%); Cl=Confidence intervals; PD=Prevalence difference; PR=Prevalence ratio; Sli=Slope index
of inequality; RIl=Relative index of inequality.
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and ¥*=5.05, p=.021 respectively) and the PD for serum triglyceride
level for men (= 9.18, p=.003) and the PD and PR for serum triglycer-
ide level for women (4 = 6.47, p=.008 and ¥* = 6.36, p =013 respectively).
Specifically, the prevalence of diabetes for women with hypertension in-
creased over time, while for women without hypertension it fluctuated.
There was a significant increase in the prevalence of diabetes over time
among both genders with serum triglyceride level of =135 mg/dL, but
not among those with serum triglyceride level <135 mg/dL (Table 4).

DISCUSSION

The results of this study showed that the crude prevalence of diabetes
among the = 60 years age group in Korea, which increased dramatically
over the 10-year study period, was the highest of all of the age groups.
This trend may reflect the rapid increase of the elderly population in Ko-
rea for the past 10 years from 7.3% in 2000 to 11.0% in 2010[21]. Further
this kind of change is not unexpected in countries in Asia, which are ex-
periencing huge economic growth and have longer average life
expectancy([22]. In 2002 the prevalence of diabetes differed according to
race: Western European, 2.0~8.0%; Chinese, 9.0~13.0%; and Asian In-
dian, 12.0~22.0%[23].

The results also showed an increasing pattern of age-adjusted preva-

Table 3. Age-adjusted Prevalence of Type 2 Diabetes according to Lifestyle Factors by Survey Year and Gender

lence of diabetes since 2005 among unemployed men but not among
employed men. This may be basically attributable to the very high un-
employment rate among men aged over 65 years, at 66.6%, which may
impact on the prevalence of diabetes among unemployed men in
Korea|24].

Stress was found to be a significant lifestyle factor only for women.
There was an increase in the age-adjusted prevalence of diabetes among
highly stressed Korean women over the 10-year study period, but not
among those with low level of stress. This can be explained by the find-
ing that stress is related to the prevalence of diabetes for women who lack
emotional support[9]. Increasing trend in prevalence difference between
the two groups is a reason that more interest should be taken concerning
the relationship of stress and diabetes among women.

Among the physiologic factors, there was a dramatic increase in the
age-adjusted prevalence of diabetes over time among women with hy-
pertension, whereas a decrease in the prevalence among women without
hypertension. This finding concurs with recent studies which reported
that blood pressure control is associated with the prevalence of
diabetes[5,12,25], especially for women([26]. Also, the prevalence of dia-
betes for both men and women with serum triglyceride levels of =
135 mg/dL appears to have increased more rapidly than for men and

women with a triglyceride level of <135 mg/dL. The influence of serum

(V=13,253)

Men (n=5,610)

Women (n=7,643)

Variables 2001 (n=1,443) 2005 (n=1,789) 2009 (n=2,378) o 2001 (n=1,964) 2005 (n=2,427) 2009 (n=3,252) 0
Prevalence (95% CI) Prevalence (95% Cl) Prevalence (95% Cl) Prevalence (95% Cl) Prevalence (95% Cl) Prevalence (95% ClI)
Current smoking
VYes 126" (10.79-14.39) 12.0(10.27-13.72) 12.0(10.57-13.39) 6.8(6.34-8.37) 69(6.71-824) 11.9(@8.57-15.17)
No 9.7 (846-10.90)  10.8(9.40-12.05) 10 8(8.97-12.62) 8.7 (7.74-9.84) 7.9(6.96-8.94) 8.9(7.80-9.99)
PD Yes vs. No 29(-0.09-5.89) 1 2(-1.77-4.26) 2(-2.03-4.40) 1.39(202) -1.9(-451-066) -10(-323-1.16) 3.0(-1.37-7.39) 2.85(.096)
PR Yes vs. No 1.3(0.99-1.69) 1(0.85-1.46) 1(084-149)  2.19(146) 0.8(0.54-1.09) 09(064-1.17)  1.3(0.86-1.95 201 (158
Current drinking
Yes 12.5(10.68-14.16) 11.3(10.11-12.59) 1 1 9(10.59-13.15) 9.7 (7.48-11.93) 7.9(6.93-8.90) 9.0(7.89-10.24)
No 9 8(8.23-11.34)  105(7.94-13.05  9.3(8.37-10.36) 8.5(7.35-9.69) 8.0(6.56-9.28)  11.2(8.67-13.81)
PD Yes vs. No 27(-063-599)  0.7(-3.04-4700 26(020-479) 0.02(903) 1.2(-224-452) -0.1(-2.36-2.32) -2.2(-5.85-1.51) 3.66(062)
PR Yes vs. No 1 3(0 95-1.73) 1.1(0.77-159) 13 (1.02-157)  0.65(401) 1.1(0.77-1.61) 10(0.74-1.35)  08(057-1.17)  0.13(648)
Stress
High 124(1017-1457) 11.9(0.83-1388)  12.2(9.92-14.46) 85(6:81-10.17)  93(7.93-10.75) 1 1 2(9.43-13.10)
Low 11.1(9.49-12.56) 10 9(9.60-12.26)  11.6(10.24-12.96) 9.2 (7.85-10.48) 7.6(6.62-8.48) 8.4 (7.20-9.58)
PD High vs. Low 1 3( 2.44-506) 0(-251-431) 06( 296-434) 021(664) -0.7(-373-2.27)  1.7(-060-4.16) 2.8(-0.23-594) 5.56(016)
PR High vs. Low 1(0.81-1.54) .1(0.80-1.45) 1(0.76-142)  1.36(259) 0.9(0.65-1.29) 1.2 (0.93-1.64) 3(0.98-1.82)  4.62(.035)
Exercise
No 11.4(9.78-12.94)  11.6(9.90-13.28)  13.2(11.20-15.29) 9.2 (7.87-10.44) 8.1(6.95-9.32) 9.5(8.13-10.83)
Yes 11.9(9.36-14.35)  10.9(9.46-12.20) 10 4(9.02-11.83) 8.6 (6.59-10.55) 7.9(6.80-8.92) 9.2 (7.54-10.85)
PDNovs.Yes  -0.5(-1.61-354) O 7(-234-384)  28(-063-629 292(082 06(-2.72-3.75)  02(-1.86-249 03(-2.76-325 0.04(844)
PRNovs. Yes 1.0(0.86-1.37) .1(0.81-1.40) 1 .3 (0.95-1.70)  0.98(358) 1.1(0.75-1.58) 1.0(0.79-1.37) 0(0.74-1.44)  0.08(832)

*Chi-square statistic for linear trend test; 'The prevalence measurement unit is the percentage (%); Cl=Confidence intervals; PD=Prevalence difference; PR=Prevalence ratio.
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(N=13,253)

Men (n=5,610)

Women (n=7,643)

Variables 2001 (n1=1443) 2005 (n=1,789)

2009 (1=2,378)

Prevalence (95% Cl) Prevalence (95% Cl) Prevalence (95% Cl)

2001 (1=1,964) 2005 (n=2,427) 2009 (1=3,252)
Prevalence (95% Cl) Prevalence (95% CI) Prevalence (95% Cl)

2

XZ*

Hypertension (mmHg)

Yes 12.0"(9.14-14.92) 14 8(11.49-18.20) 14.4(12.29-16.52) 1 1 8(8.33-15.16) 14.4(11.02-17.92) 17.5(14.81-20.23)

No 10 38.71-11.83  94(803-10.79) 10.2(8.58-11.81) 7.2(5.76-8.48) 6.4 (5.22-7.46) 6.6 (6.41-7.71)

PD Yes vs. No 7(-266-623) 54(067-10.16) 42(047-7.86) 1.37(248) 4 6(-0.17-9.38)  8.0(3.53-12.74) 1O 9(7.05-14.81) 6.45(.009)

PR Yes vs. No 2(0.77-1.71) 1 .6 (1.06-2.28) 14(1.04-1.92) 027(648 1.6(0.98-2.62) 2.3(1.47-344) 2.7(1.92-3.74)  505(021)
BMI (kg/m2)

2250 12.7 (9.88-15.35) 133(11 .06-15.54) 162(1392 18.35) 11.6(9.39-13.87) 10.2(8.48-11.90) 134(11 .38-15.54)

18.5-249 102@8.71-11.65) 9.3(8.00-1065  9.6(8.06-11.09) 6.9(5.95-7.78) 6.7 (6.75-7.57) 7.2(6.27-8.10)

<185 13.3 (3.14-23.35) 109(2 78-19.03) 125 (2.03-23.14) 70(3 26-10.72)  84(397-1280) 5.7 (5.02-6.40)

PD>250vs.<185 -06(-1354-1225) 24 (-7.89-12.72) 3.7(-9.23-16.39) 285(089) 4.6(-1.33-10.55) 1.8(-4.25-7.88) 7.7 (4.97-10.53) 2.23(205)

PD>185-249vs.<185 —31( 14.47-8.60) —16( 10.99-7.87) —29( 15.00-9.07) 0.01 (989) —01(474 448 —17( 6.97-3.59) 5(-0.06-3.11) 0.62(412)

PR>250vs.<185 0(0.42-4.97) 2(0.58-5.54) 3(060-9200 086(343 1.7(0.88-4.21) 2(0.66-2.99) 24(1.78-310) 2.08(.163

PR185-249vs.<185 O 8(0.37-3.77) 09(0.42-382) 0.8(0.35-5.55) 0.26(616)  1.0(0.56-2.36) 0.8(0.45-1.90) 3(0.98-1.62) 2.40(.126)
Total Cholesterol (mg/dL)

=200 12.4(9.69-15.08) 13.0(10.66-15.41) 12.1(9.77-14.44) 95(6.88-1210) 11.7(9.18-1422)  9.8(7.99-11.64)

<200 106(9.05-1212) 10.3(8.89-11.66) 11.5(10.03-13.13) 8.7(7.20-10.09)  7.2(6.10-8.25) 8.9(7.59-10.31)

PD>200vs.<200 18(-241-6.04)  2.7(-0.95-6.49) O 6(-3.28-4.40) 052(563) O 8(-323-4.80) 4.5(0.94-8.08) O 9(-2.28-4.04) 0.00(.981)

PR=200vs.<200 1.2(0.80-1.60) 1.3(091-1.73) 1(0.75-1.44)  084(337) .1(0.68-1.69) 16(1.11-2.33) 1(0.78-153  0.05(.805)
Triglyceride (mg/aL)

>135 11.3(9.48-13.23) 135(11 16-15.68) 15.1(12.99-17.23) 11.5(849-14.59) 139 (10.71-17.00) 162(1290 19.53)

<135 106(864 1259)  9.3(8.03-1063)  89(7.70-10.10) 6.9 (6.69-8.07) 6.6 (5.46-7.63) 7.0(6.93-8.13)

PD=135vs.<135 0.7(-314-456) 42(062-7.72) 6.2(294-952) 9.18(003) 4 6(0.43-8.89) 7 3(3.09-11.49) 9 2(4.75-1359) 6.47(008)

PR>135vs.<135 1(0.75-1.53) 5 (1.06-1.96) 1.7(1.29-223)  0.72(.359) .7 (1.05-2.50) 2.1(1.41-3.09) 2.3(1.59-331) 6.36(013
HDL Cholesteral (mg/dL)

=45 11.009.03-1298  98841-11.20) 10.7 (9.19-12.06) 8.3(6.82-9.78) 7.7 (6.40-8.94) 8.7 (7.45-9.81)

<45 11.6(9.72-1342) 11.4(9.78-1296) 14.1(11.82-16.34) 10.8(7.70-12.39) 9 7(8.08-11.34) 11.5(8.93-13.95)

PD=45vs.<45 -06(-4.38-331) -1.6(-4.64-1.44) -34(-7.07-031) 219(136) -25(-560-2.13) -2.0(-4.92-0.78) -2.8(-6.53-0.87) 0.33(583)

PR>45vs.<45 1.0(0.67-1.34) 09(0.65-1.14) 08(0.56-1.03) 0.10(734) 0.8(0.55-1.27) 0.8(0.57-1.10) 0.8(0.54-1.100  0.00(940)

*Chi-square statistic for linear trend test; 'The prevalence measurement unit is the percentage (%); Cl=Confidence intervals; PD=Prevalence difference; PR=Prevalence ratio; BMI=Body mass

index; HDL cholesterol=High density lipoprotein cholesterol.

triglyceride on the risk of developing diabetes among Koreans is a rela-
tively recent finding[27]. Triglyceride has become an important risk fac-
tor for diabetes as a result of the recent economic development in Korea,
which have led to substantial changes in Korean lifestyles, such as reduc-
tions in the amount of exercise undertaken and in the amount of daily
physical activity, as well as the westernization of diet toward high-calo-
rie and high-fat products. These findings concur with a report of the
prevalence of diabetes in Korea increasing as a result of developments in
medical science, increase in the number of older people, and stress
caused by a busy life. These changes are all in turn attributable to eco-
nomic development, irregular diet, a lack of exercise caused by the in-
creased use of cars, and an increase in the number of obese people,
which is associated with the westernization of the diet[28].

Additionally, BMI was found to be an insignificant factor for the trend
in prevalence of diabetes in this study; although the highest prevalence
of diabetes was found at a BMI of = 25.0 kg/m?, the prevalence for adults
with a BMI of 18.5~24.9 kg/m*was less than that of those with a BMI of

www.kan.or.kr

<18.5 kg/m”. This finding concurs with a report that East Asians tend to
have a higher prevalence of diabetes at a lower BMI compared to Ameri-
cans and Europeans[29]. Other studies have found similar higher preva-
lence rates of diabetes at lower BMIs among Asians|30]. Also the preva-
lence of diabetes in adults with a BMI of >25.0 kg/m’ increased be-
tween 2001 and 2009, whereas the prevalence fluctuated for adults with
a BMI of <18.5 kg/m’. These results suggest that BMI should still be re-
garded as a potential risk factor for the prevalence of diabetes.

These are some limitations in this study. KNHANES data which are
repeated cross-sectional data was used for the study. Each survey at the
three time points used a different population as a representative sample,
s0 it is not possible to make inferences about cause-and-effect relation-
ships between risk factors and the prevalence of diabetes over time. In
addition, the survey institutions and test methods for physiologic factors
were different at the three time points at which data were collected; this
could have led to a bias. Such a bias could be reduced by collecting data

using consistent testing methods at a single institution and by studying
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the same representative sample longitudinally. Furthermore, due to the
large amounts of missing data and the self-reporting design for data col-
lection (which has limitations due to the accuracy of the interviewees’
memories), information on diet was not included, despite its doubtless
relevance to type 2 diabetes.

Last but not least, this type of study has rarely been performed in Asia
compared to the USA and Western Europe. To the best of our knowl-
edge, this is the first study to provide a comprehensive trend analysis of
the prevalence of diabetes of Koreans at three points in time spanning
almost 10 years relative to certain risk factors, and including not only so-

cioeconomic, but also lifestyle and physiologic factors.

CONCLUSION

In this study the prevalence of diabetes as increasing rapidly over time
among adults aged over 60 years was identified. The trend analysis of the
age-adjusted prevalence of diabetes revealed a significantly increasing
prevalence over the 10-year study period among unemployed men,
women with higher levels of stress, women with hypertension and adults
with serum triglyceride levels of =135 mg/dL, compared to the respec-
tive controls. BMI was found be insignificant, but still should be re-
garded as a potential risk factor.

Considering the rapid economic development and associated lifestyle
changes in Korea, action should be taken to control the prevalence of di-
abetes by both preventing and consistently monitoring these identified
risk factors using a public-health approach. The result of this study can
be a reference to develop long-term or time-specific strategies to manage
the increasing prevalence of diabetes among Koreans or Asians. Health
care professional including nurses should have more interest in these
findings for the development of management strategies and intervention

for diabetes.
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