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Background: To estimate and compare the trends of all-cause and cause-specific mortality rates for subjects with and without di-
abetes in South Korea, from 2003 to 2013.

Methods: Using a population-based cohort (2003 to 2013), we evaluated annual mortality rates in adults (=30 years) with and
without diabetes. The number of subjects in this analysis ranged from 585,795 in 2003 to 670,020 in 2013.

Results: Age- and sex-adjusted all-cause mortality rates decreased consistently in both groups from 2003 to 2013 (from 14.4 to
9.3/1,000 persons in subjects with diabetes and from 7.9 to 4.4/1,000 persons in those without diabetes). The difference in mortal-
ity rates between groups also decreased (6.61 per 1,000 persons in 2003 to 4.98 per 1,000 persons in 2013). The slope associated
with the mortality rate exhibited a steeper decrease in subjects with diabetes than those without diabetes (regression coeflicients
of time: —0.50 and —0.33, respectively; P=0.004). In subjects with diabetes, the mortality rate from cardiovascular disease de-
creased by 53.5% (from 2.73 to 1.27 per 1,000 persons, P for trend <0.001). Notably, the decrease in mortality from ischemic
stroke (79.2%, from 1.20 to 0.25 per 1,000 persowns) was more profound than that from ischemic heart disease (28.3%, from 0.60
to 0.43 per 1,000 persons).

Conclusion: All-cause and cardiovascular mortality rates decreased substantially from 2003 to 2013, and the decline in ischemic
stroke mortality mainly contributed to the decreased cardiovascular mortality in Korean people with diabetes.
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INTRODUCTION

Diabetes is a major public health problem in modern society
because of its increasing prevalence and associated morbidity
and mortality [1]. The mortality rate of patients with diabetes
was reported to be 2- to 3-fold higher than that of the general

population [2,3]. Along with progress in diabetes care, espe-
cially in the management of cardiovascular disease (CVD)
risks [4], substantial decreases in overall, and CVD mortality
rates have been observed in participants with diabetes [5-7].
Several studies have even reported a decreased gap in mortality
rates between individuals with and without diabetes [2]. How-
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ever, other studies have shown an increase in diabetes-related
mortality [8,9]. This discrepancy is likely to be due to differ-
ences in study populations or regions, as well as the period in
which the studies were conducted.

In developing countries in Asia, diabetes has become a seri-
ous health problem [10-12]. According to the World Health
Organization, approximately 80% of diabetes-related deaths
occurred in low- and middle-income countries, including
many Asian countries [11]. However, information on diabetes-
related mortality in this region is insufficient and outdated. A
previous report from South Korea showed that mortality rates
for people with diabetes increased continuously from 1983 to
2001 [9]. However, some evidence indicates that diabetes care
has improved and treatment rates for diabetes-related condi-
tions have increased in South Korea [13,14]. Thus, more recent
and accurate evidence is required because such data would
profoundly influence general public health policies.

We aimed to assess and compare all-cause and CVD mortal-
ity rates and recent trends for subjects with and without diabe-
tes using a nationwide population-based cohort (2003 to
2013).

METHODS

Study population

The Korean National Health Insurance Service (NHIS) is re-
sponsible for health insurance and health promotion programs
for all citizens of South Korea. Recently, the Korean NHIS re-
leased a National Sample Cohort (2002 to 2013) database com-
prising the data of 1,025,340 Koreans (approximately 2.2% of
the total South Korean population in 2002) who were followed
up until 2013, with samples for newborn infants updated an-
nually. The database included information on medical care of
the individuals, disease history, health check-up data, and basic
demographic information. In addition, the database was
merged with death records kept by the Korean National Statis-
tical Office. More detailed descriptions of the NHIS study pro-
tocol and methods have been published elsewhere [15].

We divided all subjects from the database into two groups
based on their diabetes status: those with diabetes mellitus
(DM) group and those without (non-DM) group. Diabetes was
defined as the clinical and pharmacy codes (E10-E14) for dia-
betes from the International Classification of Disease, 10th re-
vision (ICD-10, Korean version).
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Determination of cause of death

The date of death was identified in the cohort database. The
cause of death was categorized in accordance with the ICD-10
codes: total CVD (I00-199), ischemic heart disease (120-125),
and ischemic stroke (163-166).

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of
Korea University Hospital (IRB number: ED14188). Informed
consent was not obtained specifically because this study was
based on the NHIS data which were fully anonymized and de-
identified for the analysis.

Statistical analysis
To control for the effects of the different population structures
of the two groups, we used standardized death rates and ad-
justed them for age and sex, using the 2003 population struc-
ture in the NHIS cohort data as the reference group [16]. The
rates were then normalized to a common baseline to allow
comparisons. The direct standardization method was calculat-
ed based on the following equation:
K
Standardized death rate = zk;lidk ,
Zk=1Pk

Here, the entire study population was divided into K age-sex
groups. Py is the proportion of the kth group in the 2003 refer-
ence population and di the death rate of the kth group of the
study population. We also calculated 95% confidence intervals
for the standardized death rates, as described previously [17].
To analyze the time trends of the age- and sex-adjusted stan-
dardized death rates in the DM and non-DM groups, we fitted
a simple regression model to each standardized death rate over
time. Each time trend was then tested under a two-sided as-
sumption, and its significance was addressed when the P value
was <0.05.

All statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA).

RESULTS

The total number of subjects in this analysis ranged from
585,795 in 2003 to 670,020 in 2013. During this period, a total
of 54,568 deaths occurred: 17,101 in the DM group and 37,467
in the non-DM group. The crude numbers and rates of death
are displayed in the Table 1. In both groups, the death rates
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Table 1. Causes and annual number of deaths in subjects with and without diabetes from 2003 to 2013
Year
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Subjects with diabetes
Number 49,150 54,647 62,492 61,705 65,490 71,617 76,117 77,757 89,397 94,492 99,908
Mean age, yr 57.89 58.2 5851 5910 59.75 60.09 6043 6058 6122 6156 61.86
Male sex, % 493 48.7 49.0 48.0 47.9 47.7 47.8 474 484 48.2 48.3
Deaths, n (rate per 1,000 persons)
From all-cause 1,060 1,227 1,270 1,369 1,389 1,626 1,542 1,587 1,849 2,083 2,099
(21.57) (2245) (20.32) (22.19) (2121) (22.7) (2026) (20.41) (20.68) (22.04) (21.01)
From cardiovascular disease 211 233 278 261 278 289 262 285 291 315 308
(429)  (426) (4.45) (423) (424) (4.04) (344) (367) (326) (333) (3.08
From ischemic heart disease 49 62 78 85 89 96 86 99 105 101
(1.00) (1.13) (1.25) (1.39) (1.30) (1.24) (126) (1.11) (L11) (L11) (1.01)
From ischemic stroke 98 96 96 105 91 78 75 84 83 78
(1.99)  (1.76) (1.54) (1.56) (1.60) (1.27) (1.02) (0.96) (0.94) (0.88) (0.78)

Subjects without diabetes

Number 536,645 540,589 541,982 543,413 558,213 546,561 550,028 560,171 559,900 565,697 570,112
Mean age, yr 47.45 47.62 47.79 48.13 48.34 4850  48.72 49.05 49.06 4928 49.54
Male sex, % 514 51.5 51.5 51.6 51.7 51.6 51.6 51.6 51.6 51.6 51.6
Deaths, n (rate per 1,000 persons)
From all-cause 3,982 3,707 3,597 3,572 3,538 3,343 3,275 3,418 3,072 3,030 2,933
(7.42)  (686) (6.64) (657) (634) (6.12) (595 (6.10) (549) (536) (5.14)
From cardiovascular disease 783 660 665 628 640 533 516 522 475 444 413
(146) (122) (1.23) (1.16) (1.15) (0.98) (0.94) (0.93) (0.85) (0.78) (0.72)
From ischemic heart disease 166 183 207 203 213 182 170 179 152 161 143
(031)  (034) (0.38) (037) (038) (0.33) (031) (0.32) (027) (0.28) (0.25)
From ischemic stroke 336 264 233 202 200 142 135 117 106 94 89
(0.63) (049) (043) (037) (0.36) (026) (025) (021) (0.19) (0.17) (0.16)

from CVD continuously declined over time.

Fig. 1 shows the annual trends of the standardized mortality
rates (per 1,000 persons) in both groups from 2003 to 2013.
The all-cause standardized mortality rates consistently de-
creased in both groups: from 14.5 per 1,000 persons in 2003 to
9.4 per 1,000 persons in 2013 in the DM group and from 7.9
per 1,000 persons to 4.4 per 1,000 persons in the non-DM
group (P value for trend <0.001 in both groups). In addition,
the difference in the mortality rate for subjects with diabetes
relative to those without diabetes also decreased from 2003 to
2013 (from 6.61 per 1,000 persons in 2003 to 4.98 per 1,000
persons in 2013).

We also assessed the cause-specific standardized mortality
rates from total CVD and CVD subtypes. Fig. 2A shows those
annual trends in subjects with diabetes. Similar to the trends
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for all-cause mortality, the rate of CVD mortality decreased
significantly by 53.5% in subjects with diabetes (from 2.73 to
1.27 per 1,000 persons, P for trend <0.001). Deaths from isch-
emic stroke (from 1.20 to 0.25 per 1,000 persons, P for trend
<0.001) accounted for a larger proportion of that reduction
compared to deaths from ischemic heart disease (from 0.60 to
0.43 per 1,000 persons, P for trend=0.001). Similar trends of
CVD mortality decline were found in subjects without diabe-
tes (Fig. 2B).

To compare the decreasing trends in mortality rates between
subjects with and without diabetes, we measured the annual-
ized slope of decline in both groups. The rate of decline was
1.52-fold greater in the DM group than in the non-DM group
(regression coeflicients of time: —0.50 and —0.33, respectively;
P=0.004) (Fig. 3A). Similar patterns were observed for other
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Fig. 1. Annual trends of the standardized all-cause mortality rates for subjects with diabetes (black bar) and without diabetes

(white bar) from 2003 to 2013. DM, diabetes mellitus.
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Fig. 2. Annual trends in the standardized mortality rates from cardiovascular disease (CVD), ischemic stroke, and ischemic heart

disease for subjects with diabetes (A) and without diabetes (B).

types of cause-specific death, including total CVD (1.82-fold
greater, P<0.001) (Fig. 3B) and ischemic stroke (1.78-fold
greater, P=0.001) (Fig. 3C). However, the slope associated with
the decreasing ischemic heart disease death rate was compara-
ble between the two groups (Fig. 3D).

DISCUSSION

In this population-based cohort study, we reported several im-
portant findings in terms of mortality rates and trends in indi-
viduals with and without diabetes in South Korea. First, be-
tween 2003 and 2013, all-cause and CVD mortality rates de-
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creased substantially in subjects with and without diabetes. In
addition, the mortality rate decreased more rapidly in subjects
with diabetes than in those without diabetes, reducing the gap
in mortality rates between the two groups. Finally, the decrease
in CVD mortality was primarily attributable to a decrease in
mortality from ischemic stroke, rather than from ischemic
heart disease, among subjects with diabetes.

Previous studies have shown that recent all-cause and CVD
mortality rates have decreased in patients with diabetes. Ac-
cording to the U.S. National Health Interview Survey, all-cause
mortality decreased by 23% and CVD-related mortality de-
creased by 40% among adults with diabetes between 1997 and
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Fig. 3. Trends in mortality rates and annualized slopes for mortality from (A) any cause, (B) all cardiovascular diseases, (C) isch-
emic stroke, and (D) ischemic heart disease for subjects with and without diabetes. DM, diabetes mellitus.

2006 [2]. Similar findings were observed in studies from other
developed countries during the same period [6,7]. These find-
ings were largely attributable to improvements in the treatment
of diabetes and its associated conditions, including hyperten-
sion and dyslipidemia [18]. The decline in the rate of diabetes-
related complications over recent decades [19] also contribut-
ed to the improvements in mortality. However, this has not
consistently been the case across different populations and dif-
ferent time periods. In a serial National Health and Nutrition
Examination Survey study from 1971 to 2000, improvement in
the mortality rate of patients with diabetes was limited to men
[20]. Furthermore, in a Mexican population, the diabetes-re-
lated mortality rate increased from 1980 to 2000 [8]. These
tindings suggest that evidence of reduced diabetes-related
mortality rates is limited to recent studies in developed coun-
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tries.

A previous population-based study in South Korea reported
disappointing results: from 1983 to 2000, the diabetes-related
mortality rate increased substantially (from 5.3 to 18.4 deaths
per 100,000 people) [9]. The researchers stated that the reasons
for this increase were rapid urbanization, increased intake of
foods in high calories, and decreased physical activity. Howev-
er, using a nationwide cohort data since the 2000s (from 2003
to 2013), we showed the opposite results. Some evidence sup-
ports our findings. A serial Korean National Health and Nutri-
tion Examination Survey study of diabetic patients indicated
that the treatment rate substantially increased from 1998 to
2005 (from 26.8% to 48.8%) [13]. Recently, the Korean Diabe-
tes Association reported that diabetes care had improved rap-
idly in South Korea, with medical costs for diabetes being 5.8-
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fold higher in 2013 than in 2002. In addition, the proportion of
patients who adhered to their medication schedule by more
than 80% per year increased 2.8-fold (from 24.1% to 67.2%)
during the same period [14]. We postulated that progress in
the management of diabetes care led to a significant decrease
in mortality among people with diabetes in South Korea. Al-
though there were no significant improvements of glycemic
control rate over the last decade [21,22], we suppose that fac-
tors other than glycemic control including wide use of anti-hy-
pertensive drugs or statins may contributed to the improve-
ment of mortality rate in patients with diabetes. In addition,
easy medical accessibility which is one of the strength in terms
of medical care in Korea might be one main reason of the mor-
tality reduction. Meanwhile, widespread screening by the na-
tional checkup programs in Korea has increased early detec-
tion and early diagnosis of diabetes. It may have affected the
decreased mortality rate in patients with diabetes.

Several reports in the United States and Canada found a sub-
stantial decrease in CVD-related mortality among patients
with diabetes [2,3]. The results of the present study are consis-
tent with those findings. An interesting finding of this study
was the substantial decrease in ischemic stroke-related mortal-
ity in subjects with diabetes. The ischemic stroke mortality in
subjects with diabetes was 2-fold higher than ischemic heart
disease mortality in 2003. However, 10 years later, ischemic
stroke mortality was even lower than ischemic heart disease
mortality. Furthermore, the decreasing slope associated with
ischemic stroke mortality was 3.5-fold steeper than that of
ischemic heart disease mortality in people with diabetes.

Improvements in the management of ischemic stroke and its
risk factors may have largely contributed to the decline of isch-
emic stroke mortality. The treatment rate for hypertension has
increased by about 2-fold during the last two decades, current-
ly exceeding 65% [14,23]. The proportion of patients receiving
lipid-lowering medications also increased, being 5-fold greater
in 2013 than in 2003 [24]. Moreover, the index for acute man-
agement of stroke has improved. In the Korean Stroke Registry
study, the percentage of patients who arrived at the hospital
within 3 hours of the initiation of stroke symptoms increased
from 20% to 29% and the rate of reperfusion therapy increased
from 5.3% to 7.0% between 2002 and 2010 [25]. In addition,
the number of hospitals with an installed stroke unit has in-
creased substantially [26]. Currently, South Korea has the low-
est in-hospital 30-day ischemic stroke-related fatality rate
among Organization for Economic Co-operation and Devel-
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opment nations [27]. Consequently, prevalent use of antihy-
pertensive and lipid-lowering agents and improved acute man-
agement of stroke in South Korea seem to be major contribu-
tors to the marked decrease in ischemic stroke mortality.

Our study has some limitations. First, we did not distinguish
between type 1 diabetes mellitus and type 2 diabetes mellitus
because of a lack of exact information to define the types of di-
abetes. Currently, approximately 5% of people with diabetes
are presumed to have type 1 diabetes mellitus in Korea. Al-
though it is a small percentage, it could limit the interpretation
of our results. Second, approximately 10% of the total deaths in
this cohort were classified as “unknown cause” We speculated
that the majority of those cases were sudden cardiac deaths or
deaths related to cardiopulmonary disease. However, we did
not include those deaths in the CVD mortality category.
Therefore, it is possible that we underestimated the actual
number of CVD deaths.

In summary, overall and CVD mortality rates continuously
decreased in subjects with diabetes from 2003 to 2013 in South
Korea. The reduction in CVD mortality was primarily attribut-
able to a reduction in ischemic stroke mortality. The gap be-
tween the mortality rates of subjects with and without diabetes
continuously decreased over time; however, the mortality rate
of individuals with diabetes was still more than 2-fold higher
than that of individuals without diabetes. Further studies about
contributing factors associated with improvement of mortality
rate in subjects with diabetes are needed to provide valuable
therapeutic information in clinical practice.
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