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Background: A number of studies have reported future prevalence estimates for diabetes mellitus (DM), but these studies have
been limited for the Korean population. The present study aimed to construct a forecasting model that includes risk factors for
type 2 DM using individual- and national-level data for Korean adults to produce prevalence estimates for the year 2030.
Methods: Time series data from the Korea National Health and Nutrition Examination Survey and national statistics from 2005
to 2013 were used. The study subjects were 13,908 male and 18,697 female adults aged 30 years or older who were free of liver cir-
rhosis. Stepwise logistic regression analysis was used to select significant factors associated with DM prevalence.

Results: The results showed that survey year, age, sex, marital, educational, or occupational status, the presence of obesity or hy-
pertension, smoking status, alcohol consumption, sleep duration, psychological distress or depression, and fertility rate signifi-
cantly contributed to the 8-year trend in DM prevalence (P<0.05). Based on sex-specific forecasting models that included the
above factors, DM prevalence for the year 2030 was predicted to be 29.2% (95% confidence interval [CI], 27.6% to 30.8%) in men
and 19.7% (95% CI, 18.2% to 21.2%) in women.

Conclusion: The present study projected a two-fold increase in the prevalence of DM in 2030 compared with that for the years
2013 and 2014 in Korean adults. Modifiable factors contributing to this increase in DM prevalence, such as obesity, smoking, and

psychological factors, may require attention in order to reduce national and individual costs associated with DM.
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INTRODUCTION

In 2014, the global prevalence of diabetes mellitus (DM) was
estimated to be 8.5% or 422 million adults with DM. Almost
one-fourth of those affected are South-East Asian [1]. On the
basis of data from the Korea National Health and Nutrition
Examination Survey (KNHANES) for Korean adults aged 30
years or older, the age-adjusted prevalence of DM remained
steady at approximately 10% from 2005 to 2012. However,
there has been a noticeable increase since then, especially in
adults aged 65 years or older [2]. According to Statistics Korea,

the proportion of the population aged 65 years or older is pro-
jected to be about 24% in 2030, twice as high as that in 2015
[3]. Thus, it is expected that the prevalence of DM will increase
with the increasing size of the elderly population in Korea, as
predicted in other countries.

A number of studies have projected the future prevalence of
DM in populations around the world [4-12]. For example, the
International Diabetes Federation Diabetes (IDF) estimated
that 552 million adults aged 20 to 79 years in 110 countries, in-
cluding 4.3 million Koreans, would have diabetes in 2030 [4].
Country-specific estimates are also available for Germany [5],
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Iran [6], Sweden [7], Turkey [8], the UK [9], and the USA [10-
12]. However, there are discrepancies in the projected esti-
mates of DM prevalence between some studies because of the
different approaches used to obtain these estimates. For exam-
ple, Boyle et al. [12] used national-level data on DM preva-
lence, DM incidence, mortality, and migration to construct a
forecasting model and suggested that about 20% of United
States adults would have DM in 2030. However, Whiting et al.
[4] used only prevalence data with respect to the aging popula-
tion, urbanization, and population size and projected a DM
rate of 12% for United States adults in the same year. Most
studies that have attempted forecasting the future prevalence
of disease used national-level data [4-15]. However, Finkelstein
et al. [16] used both individual-level data on age, gender, eth-
nicity, educational level, and marital or economic status and
national-level data on unemployment rates, the price of gas
and food, and internet usage in their forecasting model for the
future prevalence of obesity. An advantage of this approach is
that utilizing information on individual-level factors which
contribute to disease rates allows high-risk populations to be
identified.

To the best of my knowledge, projections of future DM prev-
alence in Korea are limited [4] and no study has yet developed
a forecasting model for future DM prevalence using individu-
al-level data.

The present study thus aimed to identify individual- and na-
tional-level factors that contribute to trends in DM prevalence
in Korean adults and to forecast DM prevalence for the year
2030 using these factors.

METHODS

Study population

In this study, time series data from the KNHANES and nation-
al statistics from 2005 to 2012 were used to identify factors
contributing to the trends in DM prevalence and to construct a
forecasting model. The study population consisted of 32,605
adults (13,908 men and 18,697 women) aged 30 years or older
who were included in KNHANES cycles III, VI, and V, which
correspond to 2005, 2007 to 2009, and 2010 to 2012, respec-
tively. In addition, data from the same sources for the year
2013 (4,148 adults; 1,777 men and 2,371 women) were used to
validate the forecasting model. National statistical data were
obtained from the Korean Statistical Information Service web-
site (http://kosis.kr). The study protocol was approved by the
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Human Subjects Review Committee of Kookmin University
(KMU-201512-HR-094).

Definition of DM

The outcome variable of this study was DM prevalence. This
study adopted the definition of DM used in the KNHANES re-
port; fasting blood glucose levels >126 mg/dL or the use of in-
sulin or oral glucose-lowering medication [2].

Factors contributing to DM prevalence

Potential factors contributing to DM prevalence were consid-
ered to be exposure variables and were selected from the
KNHANES and national statistical data: age, gender, educa-
tional level, marital or occupational status, household income,
body mass index, smoking status, alcohol consumption status,
sleep duration, and psychological stress or depression. Dietary
factors and physical activity were not included as exposure
variables because these factors were likely to be affected by the
diagnosis of DM. National statistical data on fertility rate and
the gasoline consumer price index, which are available by re-
gion, were also extracted.

Statistical analysis

Descriptive statistics for DM prevalence and the target expo-
sure variables were calculated for each KNHANES cycle. P val-
ues for the trends between these cycles were obtained using
chi-square tests and analysis of variance. In addition, logistic
regression analysis was used to identify associations between
DM prevalence and the exposure variables. The model was
constructed using the equation; P(Oijt=1)=[(a+p1 xXit+
B2xZjt+B3xT), where ‘O’ is DM prevalence, " is an individu-
al, § is region, € is the cycle year, X’ denotes the exposure vari-
ables for an individual subject, “Z’ represents exposure vari-
ables from national statistical data, “T” is the yearly ranking,
and ‘(') is the logit probability function. In this analysis, a
sampling weight was given to the KNHANES dataset. To iden-
tify factors contributing to DM prevalence, significant expo-
sure variables were identified using a stepwise selection meth-
od with a significance level of P<0.05. Odds ratios and its 95%
confidence interval (CI) were obtained and coefficient esti-
mates were used to construct the forecasting model. To predict
DM prevalence in 2013 and 2030, data from these years from
the population projection report [17], which was compiled
based on the 2010 Population and Housing Census, were used
in conjunction with individual-level data from the 2010
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KNHANES. A linear regression model and an autoregressive
integrated moving average model were used to predict fertility
rate and the gasoline consumer price index for the years 2013
and 2030. Projected estimates for DM prevalence with a 95%
CI were calculated. All statistical analyses were performed us-
ing SAS 9.1.3 software (2008; SAS Institute, Cary, NC, USA),
and the statistical significance level for the two-tailed tests was
setat 0.05.

RESULTS

Table 1 summarizes the descriptive statistics for DM preva-
lence and the exposure variables for the three KNHANES cy-
cles. DM prevalence increased over the 8 years of data (P<
0.001). The proportion of non-office workers, individuals with
low household income, smokers, and those who admitted to

experiencing stress or depression decreased, whereas the pro-
portion of those with hypertension and the proportion of alco-
hol drinkers increased (P<0.001 or P<0.01). Based on the na-
tional statistical data, the fertility rate and the gasoline con-
sumer price index increased (P<0.001).

Results of the stepwise regression analysis are presented in
Table 2 showing the factors that were significantly associated
with DM prevalence over the period. Survey year, age, being
male, being married, being unemployed, having a lower edu-
cational status, obesity, hypertension, being a former or heavy
smoker, sleep duration, and experiencing stress or depression
were all positively associated with DM, whereas alcohol con-
sumption and fertility rate had an inverse relation.

Table 3 presents gender-specific results for significant factors
contributing to DM prevalence. For men, age, being married,
being unemployed, obesity, hypertension, heavy smoking,

Table 1. Comparison of outcome and exposure variables for three cycles of the KNHANES and national statistical data

Survey cycles (yr)
Variable P for trend
3rd (2005) 4th (2007-2009) 5th (2010-2012)

KNHANES data
No. of participants 4,433 13,711 14,461
Diabetes mellitus, % 84 10.9 11.6 <0.001
Male sex, % 42.6 42.5 42.8 0.624
Married, % 95.9 96.2 95.3 <0.010
Office worker, % 15.8 16.8 19.5 <0.001
Non-office worker, % 45.1 423 40.8 <0.001
Low-income household?, % 18.5 23.8 16.3 <0.001
Lower than high school education, % 41.2 44.0 38.5 <0.001
Body mass index, kg/m” 239432 23.8+3.2 23.8+3.3 0.095
Obesityb, % 344 33.3 333 0.265
Hypertension, % 28.5 33.0 339 <0.001
Current smoker, % 224 21.0 18.1 <0.001
Current alcohol drinker<, % 47.9 50.8 51.1 <0.010
Sleep duration <7 hr/day 70.4 70.5 71.6 0.042
Stress, % 34.3 27.6 25.2 <0.001
Depression, % 16.0 16.1 13.2 <0.001

National statistical data
Fertility rate 1.10£0.13 1.22+0.16 1.28+0.17 <0.001
Consumer price index for gasoline 82.7+1.2 94.1+3.9 109.2£6.9 <0.001

Values are presented as mean + standard deviation unless otherwise indicated.
KNHANES, Korea National Health and Nutritional Examination Survey.
“Based on monthly household income and the number of family members, "Defined as a body mass index >25 kg/m?, ‘Defined as consuming

an alcoholic beverage at least once a month over the previous year.
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Table 2. Results of a stepwise logistic regression analysis for the
prevalence of diabetes mellitus among 32,605 adults

dmj

Table 3. Results of stepwise logistic regression analysis for the
prevalence of diabetes mellitus by gender

. Coefficient Multivariate OR
Exposure variables (reference)

. Coeflicient Multivariate OR
Exposure variables (reference)

estimates (95% CI) estimates (95% CI)

Survey year 0.029  1.03(1.01-1.05) 13,908 Males
Age, yr 0.035 1.04 (1.03-1.04) Age, yr 0.036  1.04(1.03-1.04)
Males (females) 0.463 1.59 (1.41-1.79) Married (unmarried) 0.354  1.43(1.02-1.98)
Married (unmarried) 0.305 1.36 (1.03-1.79) Unemployed (office worker) 0302 1.35(1.13-1.62)
Unemployed (office worker) 0.323 1.38 (1.20-1.60) Obesity (no) 0434  1.54(1.38-1.72)
Lower than high school education 0.266 1.31 (1.18-1.44) Hypertension (no) 0.605  1.83(1.64-2.04)

(higher education) Current heavy smoker (non-smoker) 0.341  1.41(1.18-1.67)
Obesity (no) 0.578  1.78(1.65-1.92) Sleep duration <7 hr/day (>7hr/day) -0.145  0.87 (0.78-0.97)
Hypertension (no) 0.685 1.98 (1.83-2.15) Depression (no) 0204  1.23(1.05-1.44)
Former smoker (non-smoker) 0.130 1.14 (1.01-1.29) Consumer price index for gasoline 0.006 1.01(1.01-1.01)
Current heavy smoker (non-smoker) 0.403 1.50 (1.28-1.74) 18,697 Females
Alcohol drinker (non-drinker) -0.191  0.83(0.76-0.90) Survey year 0032  1.03(1.01-1.06)
Sleep duration <7 hr/day (>7 hr/day) ~ -0.102  0.90 (0.83-0.98) Age, yr 0032 1.03(1.03-1.04)
Stress (no) 0.110 112 (1.02-1.22) Non-office worker (office worker) 0.397  1.49(1.08-2.05)
Depression (no) 0134 1.14(1.03-1.27) Unemployed (office worker) 0.668  1.95(1.42-2.68)
Fertility rate -0.278 076 (0.61-0.95) Lower than high school education 0.515 1.67(1.41-1.99)
OR, odds ratio; CI, confidence interval. (higher education)

Obesity (no) 0664 1.94(1.75-2.16)

sleep duration, experiencing depression, and the gasoline con- Lo (me) it 2RI 27
sumer price index were all positively associated with DM prev- Heavy smoker (non-smoker) 0.574  1.78(1.08-2.92)
alence. For women, survey year, age, being a non-office worker, Alcohol drinker (non-drinker) -0.286  0.75(0.66-0.85)
being unemployed, having a lower education status, obesity, Stress (no) 0231 1.26(1.13-141)
hypertension, heavy smoking, and experiencing stress or de- Fertility rate -0.560  0.57(0.42-0.78)

pression had a positive association, while alcohol consumption
and fertility rate had an inverse association.

The projected estimate of DM prevalence for the year 2013
was calculated using the gender-specific models that included
the contributing factors presented in Table 3 and then were
compared with the DM prevalence observed in the 2013
KNHANES. The projected estimate of DM prevalence for the
year 2013 was 14.0% (95% CI, 13.2% to 14.9%) for men and
10.4% (95% CI, 9.5% to 11.2%) for women before considering
the 2013 population projection. When considering this popu-
lation projection, it was 16.9% (95% CI, 15.9% to 17.9%) for
men and 12.5% (95% CI, 11.5% to 13.5%) for women. In com-
parison, the observed DM prevalence was 14.8% and 13.5%
(95% CI, 11.7% to 15.4%) for men and 11.3% and 10.2% (95%
CI, 8.6% to 11.9%) for women, when unadjusted and adjusted
by sampling weight, respectively. Thus, a difference between
the unadjusted observed values and the projected estimates
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OR, odds ratio; CI, confidence interval.

was about 2% points for men and about 1% point for women,
while that between the adjusted observations and the projected
estimates was about 3% points for men and 2% points for
women, when considering the 2013 population projection
(Fig. 1). When not considering it; however, a difference be-
tween the projected and the observed estimates is trivial.

Fig. 2 shows the projected estimates of DM prevalence in
2030 for men and women. The projected DM prevalence was
29.2% (95% CI, 27.6% to 30.8%) for men and 19.7% (95% CI,
18.2% to 21.2%) for women, when considering the 2030 popu-
lation projection. When not considering it, the projected esti-
mates were 19.2% (95% CI, 18.1% to 20.2%) for men and
12.4% (95% CI, 11.5% to 13.4%) for women.
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12.5(95% CI, 11.5-13.5)
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Prevalence (%)
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Fig. 1. Comparison between the observed and projected prev-
alence of diabetes mellitus in adult males and females for the
year 2013 when considering the 2013 population projection.
The dashed lines indicate the projected prevalence of diabetes
mellitus (14.0 % for men and 10.4% for women) before consid-
ering the 2013 population projection. CI, confidence interval.

DISCUSSION

This present study estimated DM prevalence for the year 2030
using a forecasting model comprising individual- and nation-
al-level factors associated with DM prevalence over an eight-
year period. Significant individual-level factors included sur-
vey year, age, gender, marital or occupational status, educa-
tional level, the presence of obesity and hypertension, smoking
status, alcohol consumption, sleep duration, and psychological
condition. Fertility rate and the consumer price index for gaso-
line were also significant national-level factors. Using a gender-
specific forecasting model that included these factors, the DM
prevalence for the year 2030 was estimated to be approximately
29% and 20% in men and women, respectively, aged 30 years
or older. These estimates were approximately two times higher
than the gender-specific prevalence of DM observed in 2013
and 2014.

According to a report by the IDE, DM prevalence in 2030
was projected to be 11%, which corresponds to about 4 million
Korean adults aged between 20 and 79 years [4]. To compare
the IDF’s projection, DM prevalence for the year 2030 in the
study population with the same age range has been calculated
to be 19% (data available upon request). In addition, the Kore-
an Diabetes Association (KDA) reported approximately 14%
as DM prevalence in 2013 and 2014 among Korean adults aged
30 years or older [18]. Although there is a difference in the age
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Fig. 2. Projected prevalence of diabetes mellitus in adult males
and females for the year 2030 when considering the 2030 pop-
ulation projection. CI, confidence interval.

ranges used for the estimates in the IDF and the KDA reports,
it appears that the number of Korean adults with DM has al-
ready reached 4 million [18]. Similarly, the projected estimate
of DM prevalence for the year 2030 in United States adults was
12% in the IDF report [4] and over 20% in other reports
[11,12]. The lower projection for DM prevalence in the IDF re-
port may be partly due to a lack of consideration of factors
contributing to DM prevalence [4]. To the best of my knowl-
edge, no projections of future DM prevalence in Koreans have
yet been reported. Disease projections are useful in planning
health care programs, allocating resources, and establishing
health-related policies. A number of studies have attempted to
estimate disease prevalence using different methodologies [4-
16]. One of these studies constructed a forecasting model that
included individual-level factors for the estimation of obesity
prevalence in 2030 [16].

The present study used data from 32,605 Korean adults who
participated in the KNHANES over a period of 8 years to con-
struct a forecasting model based on individual- and national-
level factors. According to the results, the forecasting model
overestimated DM prevalence in 2013 when compared with
observed DM prevalence. The overestimation is partly due to
the use of data from a report on population projections [17]. If
these data were not used, the estimated DM prevalence for the
year 2030 would be 19% for men and 12% for women. None-
theless, it is reasonable to use the population projection data
for the year 2030 because it is expected that the size of the el-
derly population, among whom DM prevalence is higher than
other age groups, will be larger in the future. Actually, it has
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been projected for the year 2030 that the number of men and
women aged 60 to 69 years older is almost twice as many as
that of adults with the same ages in 2013. On the basis of the
2016 report of KNHANES, however, the DM prevalence is
26% and 18% in men and women aged 60 to 69 years, respec-
tively. This sex-specific difference may be partly due to the sex-
specific effects of abdominal fat distribution on insulin resis-
tance [19].

In the present study, factors associated with DM prevalence
over the 8-year period were identified. However, there are lim-
its to the causal inference that can be made from this because
of the cross-sectional design of the KNHANES. In previous
studies, factors such as obesity [20], smoking [21], sleep dura-
tion [22], and psychological conditions [23,24] have been re-
ported to have a causal association with type 2 diabetes melli-
tus (T2DM). In addition, moderate alcohol consumption,
which was common among women, may be associated with a
lower risk of T2DM [25]. Sociodemographic factors may sim-
ply reflect the characteristics of high-risk populations rather
than having a direct effect on DM. National data such as gaso-
line consumer price index and a fertility rate need to be inter-
preted to show a trend over a period, but they should not be
interpreted as risk factors at the individual level.

The present study has some limitations but also makes some
important contributions. Diet and physical activity were not
considered in the analysis because it was assumed that these
lifestyle factors are likely to be affected by a diagnosis of DM,
even during the pre-diabetes stage. However, the study consid-
ered a wide range of exposure variables including individual-
and national-level factors. It also provides data regarding the
projection of DM prevalence for the year 2030, which have not
been reported before.

In summary, the present study projected that 29% and 20%
of Korean males and females, respectively, would have DM in
2030, based on the KNHANES dataset and the population
projection data. Future studies need to confirm these findings
and to develop additional methodologies for the projection of
future disease prevalence rates.
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