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Abstract

Background /Objectives: Diabetic nephropathy is the leading cause of end-stage kidney
disease (ESKD) worldwide. ESKD individuals with type 2 diabetes are known to have poor
prognosis of survival. We aimed to investigate whether the recent mortality trends of ESKD
individuals treated with hemodialysis with or without type 2 diabetes have changed in South
Korea. Methods: We used a cohort of 3,394,502 deceased people from the Korean National
Health Insurance Service claims database from 2006 to 2018. We requested the National
Statistical Information Service database to link the records about their cause of death. We
collected a total of 79,792 deaths among individuals with ESKD receiving hemodialysis,
including 31,907 with type 2 diabetes and 47,885 without type 2 diabetes. Results: The mean
age at death significantly increased over the study period among individuals with ESKD
receiving hemodialysis, both with and without type 2 diabetes (p < 0.001). However, the
mean age at death was consistently lower in those with type 2 diabetes compared to those
without diabetes in both men and women. Type 2 diabetes was significantly associated with
younger age at death in individuals undergoing hemodialysis (8 = —0.012, p < 0.0001). The
age-standardized mortality rate remained higher in those with type 2 diabetes throughout
the study period. Conclusions: This nationwide study revealed that Korean individuals with
type 2 diabetes undergoing hemodialysis had a consistently lower age at death and higher
age-standardized mortality than those without type 2 diabetes. Although the mean age at
death increased in both groups, individuals undergoing hemodialysis with type 2 diabetes
continued to show poorer survival outcomes. These findings highlight the need for targeted
clinical approaches to improve survival in this high-risk population.

Keywords: end-stage kidney disease; hemodialysis; type 2 diabetes; mortality; epidemiology

1. Introduction

End-stage kidney disease (ESKD), the most advanced form of chronic kidney disease,
is clinically diagnosed when the glomerular filtration rate falls below 15 mL/min/1.73 mZ2.
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In South Korea, the prevalence of ESKD increased steadily and was 157.1 per 100,000 in
2015 [1]. This level of kidney dysfunction usually necessitates renal replacement therapy
such as dialysis and kidney transplantation. ESKD is most commonly caused by diabetes
mellitus (DM), hypertension, and glomerular diseases. Among these, DM is the most
common global cause of ESKD [2]. In South Korea, this also continues to be the leading
cause of ESKD, accounting for nearly half of all cases [3].

Diabetic kidney disease (DKD), one of microvascular complication of DM, is the main
cause of chronic kidney disease and ESKD. It is characterized by an increase in urinary
albumin excretion, a decline in glomerular filtration rate, or both. This complication globally
occurs in 20% to 40% of individuals with both type 1 and type 2 diabetes [4]. The prevalence
of DKD was reported to be 25.4%, and the incidence of diabetes-related ESKD has shown a
rising trend in South Korea [5].

Individuals with ESKD exhibit significantly higher mortality rates and reduced life
expectancy compared to those without the condition [3,6]. Among individuals with ESKD,
those with DM globally have lower survival rates than those without DM [7]. DKD is
a significant risk factor of atherosclerotic cardiovascular diseases and elevates the risk
for morbidity and mortality [8]. Although the impact of DM on mortality among indi-
viduals undergoing hemodialysis has been reported, there are few studies on differences
in age at death between individuals with and without DM, especially in the context of
type 2 diabetes.

Therefore, we investigated the trends in age at death and impacts of type 2 diabetes
on age at death among individuals undergoing HD with type 2 diabetes compared to
those without type 2 diabetes using data from the National Health Insurance database
maintained by the National Health Insurance Service (NHIS), as well as mortality records
and statistics from the National Statistical Information Service (NSIS).

2. Materials and Methods
2.1. Data Source

This nationwide cohort study used insurance claims data from the NHIS that is
the single compulsory insurer in the public health insurance sector. The NHIS provides
various insurance-related services and offers claims data after de-identification in South
Korea [9,10]. The claims case data included sex, the date of birth, region of residence, and
date of hospital visit. Deceased individuals of the Korean insured population were chosen
from 1 January 2006 to 31 December 2018 in this study. We selected 3,394,502 deceased
individuals in the claims data, and requested the NSIS to their age and cause of death.
This study was reviewed and approved by the Institutional Review Board of the National
Health Insurance Service Ilsan Hospital (NHIMC 2022-09-007). All individuals of this study
provided written informed consent to participate in the NHIS.

2.2. Definition and Death Certificates

We utilized each person’s medical records for 2 years prior to their date of death.
Individuals under 30 years of age who died from accidental or unintentional injuries were
excluded in this study. We extracted all individuals undergoing hemodialysis from data of
the NHIS between 2004 and 2018, as defined by the following criteria: the International
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code NO8 and
Benefit Extension Policy application codes with the V001. The Benefit Extension Policy was
implemented to alleviate the financial burden of medical expenses for individuals with rare
and intractable diseases that entail high healthcare costs, including cancer and ESKD re-
quiring renal replacement therapy in South Korea. Type 2 diabetes and other comorbidities
were defined as being present if the same criteria as we reported were met [9]. We used the
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ICD-10 code for type 2 diabetes (E11-E14) in the principal and additional diagnoses. Cancer
was considered to have been diagnosed when individuals had ICD-10 code (C00-C97) and
had been registered for the Exempted Calculation of Health Insurance with V codes in
the NHIS. The control population was defined as individuals undergoing hemodialysis
without a prior history of type 2 diabetes. To obtain the age and cause of death, we matched
death records collected by the NSIS with disease-specific codes and then extracted the
five causes of death: cancer (C00-C97), type 2 diabetes (E11-E14), cerebrovascular disease
(I60-169), cardiovascular disease (I120-125), and pneumonia (C00-C97).

2.3. Statistical Analysis

Descriptive statistics were expressed as number and frequency (percentage). We
used the chi-square test to analyze numerical and frequency data. Continuous variables
were expressed as mean + standard deviation, and categorical variables were expressed
as numbers and percentages. Individuals undergoing hemodialysis were classified into
groups with or without type 2 diabetes. Multivariable linear regression analysis was
performed to confirm changes in trends, with the year as the explanatory variable and the
age-standardized mortality rate as the dependent variable. A p < 0.05 of two-tailed test
was considered to indicate statistical significance. All analyses were conducted using SAS
version 9.4 (SAS Institute, Cary, NC, USA). We used real-world data, the total number of
deaths in South Korea during the study period.

2.4. Availability of Data and Materials

Data can be accessed at National Health Insurance Data Sharing Service website
(http:/ /nhiss.nhis.or.kr/bd/ab/bdaba02leng.do; accessed on 1 January 2022) of the NHIS.
The details to gain access to the NHIS date were described in our study [9].

3. Results
3.1. Study Population

This study flowchart is shown in Figure 1. Of the 3,394,502 deaths recorded by the
NHIS in South Korea between 2006 and 2018, we linked the cause of death using data
from the NSIS. We excluded 385,421 individuals whose deaths were due to accidents or
unintentional injuries, and an additional 32,430 individuals who died before the age of 30.
Among the 2,976,651 deceased individuals aged 30 years or older, a total of 93,487 were
identified as having ESKD and had received renal replacement therapy, including hemodial-
ysis, peritoneal dialysis, or kidney transplantation. The final study population included
79,792 individuals with ESKD undergoing hemodialysis. These individuals were stratified
based on type 2 diabetes status, comprising 47,885 without type 2 diabetes and 31,907 with
type 2 diabetes.

Table 1 presents the baseline characteristics of the study population. The mean age at
death was 70.2 £ 10.5 years in individuals undergoing hemodialysis with type 2 diabetes
and 71.1 £ 12.4 years in those without type 2 diabetes. The proportions of age group at
death are shown in Table 1. The prevalence of hypertension was significantly higher among
individuals undergoing hemodialysis with type 2 diabetes (93.3% vs. 74.5%, p < 0.0001).
The mean duration from initiation of hemodialysis to death was substantially shorter in the
those with type 2 diabetes (2.09 £ 3.1 vs. 3.74 & 3.5 years, p < 0.0001). Age at hemodialysis
initiation was 67.2 & 11.1 years in those with type 2 diabetes and 67.4 & 13.1 years in those
without type 2 diabetes. Regarding cause of death, diabetes (37.4%) and malignancy (8.6%)
were among those with type 2 diabetes.
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The number of deaths per year confirmed by the
NHIS in 2006-2018: 3,394,502
Requesting the NSIS to link their cause of death
385,421 individuals with death due to accidents or
unintentional injuries
3,009,081 individuals
32,430 individuals aged less than 30 years
2,976,651 individuals
2,883,164 individuals without renal replacement
therapy (HD, PD, or KT)
93,487 individuals with ESKD
13,695 individuals without HD
79,792 individuals with ESKD on HD
[
N
47,885 individuals 31,907 individuals with
without T2DM T2DM
Figure 1. Study flowchart.
Table 1. General characteristics of the study population.
Individuals Without T2DM Individuals with T2DM
(n = 47,885) (n = 31,907) P
Age at death, years 71.1+124 702 £10.5 <0.0001
Age groups at death, n (%), years <0.001
30-39 656 (1.4) 173 (0.5)
40-49 2326 (4.9) 981 (3.1)
50-59 5756 (12.0) 3996 (12.5)
60-69 9821 (20.5) 8573 (26.9)
70-79 16,209 (33.9) 12,161 (38.1)
>80 13,117 (27.4) 6023 (18.9)
Sex, males, n (%) 27,350 (57.1) 18,953 (59.4) <0.0001
Hypertension, 1 (%) 35,680 (74.5) 29,752 (93.3) <0.0001
Years from HD to death 3.74 +3.5 2.09 +3.1 <0.0001
Age at HD, years 674 +13.1 672 +11.1 0.032
Cause of death <0.0001
Malignancy, n (%) 5564 (11.6) 2757 (8.6)
Cerebrovascular disease, 1 (%) 2688 (5.6) 1471 (4.6)
Heart disease, 1 (%) 2562 (5.4) 1753 (5.5)
Diabetes, 1 (%) 6381 (13.3) 11,939 (37.4)
Pneumonia, n (%) 952 (2.0) 414 (1.3)
Others, n (%) 28,682 (59.9) 12,884 (40.4)

Data are mean 4 SD. HD: hemodialysis; T2DM: type 2 diabetes. p-value < 0.05 is considered statistically significant.
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3.2. Changes in the Mean Age of Death in the Study Population

The graphs indicated changes in the mean age of death among the study population
(Figure 2). The mean age of death significantly increased in both individuals undergoing
hemodialysis with and without type 2 diabetes during study period (p < 0.001) (Figure 2a).
Sex-stratified analysis revealed that this trend persisted in both male and female subgroups
(Figure 2b,c). The mean age at death showed a lower trend in individuals undergoing
hemodialysis with type 2 diabetes than without type 2 diabetes, and this pattern was
consistent across both men and women.
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Figure 2. Changes in age of death among ESRD HD individuals with or without diabetes: (a) Overall;
(b) Men; (c) Women.
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3.3. Factors That Contributed to Age at Death in the Study Population

As shown in Table 2, type 2 diabetes (8 = —0.012, p < 0.0001) was significantly associ-
ated with younger age at death in individuals undergoing hemodialysis. Female sex was
modestly associated with older age at death (B = 0.007, p = 0.0275), whereas hypertension
(B =—0.047, p < 0.0001) was associated with younger age at death. Both age at HD initiation
(B=10.998, p < 0.0001) and duration of HD treatment (8 = 0.985, p < 0.0001) demonstrated
strong positive associations with age at death.

Table 2. Factors that contributed to Age at Death in the study population.

Parameter B Standard Error p
Females 0.007 0.003 0.0275
Diabetes —0.012 0.003 <0.0001
HTN —0.047 0.004 <0.0001
Age at HD initiation for ESKD 0.998 0.000 <0.0001
Duration in years from HD initiation to death 0.985 0.000 <0.0001

Generalized linear model results for the variables significantly associated with age at death. ESKD: end-stage
kidney disease; HD: hemodialysis; HTN, hypertension.

3.4. Age-Standardized Mortality Rate in the Study Population

Table 3 presents the age-standardized mortality rates in individuals undergoing
hemodialysis with and without type 2 diabetes from 2006 to 2018, stratified by cause
of death. Age-standardized mortality rate in those with type 2 diabetes was higher than
those without type 2 diabetes during the study period. The overall mortality rate showed
a decreasing trend from 25.4 deaths per 100,000 population in 2006 to 19.5 deaths per
100,000 population in 2018, and this pattern was similar in both those with and without
type 2 diabetes. Cancer ranked as the second leading cause of death in both those with
and without type 2 diabetes. The proportion of cardiovascular and cerebrovascular disease
showed no substantial change in either group during the study period. Age-standardized
mortality rate due to pneumonia showed an increasing trend in both groups.
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Table 3. Age-standardized Mortality Rate in study population.

Diabetes Cancer Cardiovascular Disease Cerebrovascular Disease Pneumonia
Overall With Without Overall With Without Overall With Without Overall With Without Overall With Without
Diabetes Diabetes Diabetes Diabetes Diabetes Diabetes Diabetes Diabetes Diabetes Diabetes
2006 25.4 46.6 14.7 10.9 7.3 12.6 5.1 5.3 5.0 5.5 4.7 5.8 0.9 0.4 1.1
2007 239 43.1 12.1 10.1 6.3 12.5 5.6 5.7 5.5 6.0 5.1 6.5 0.9 0.5 1.1
2008 21.8 37.9 11. 9.0 6.2 10.8 5.1 5.6 49 5.7 4.9 6.2 1.3 0.5 1.8
2009 224 39.2 12.0 11.1 7.8 13.1 5.1 5.5 4.8 5.6 4.6 6.2 1.0 0.8 1.2
2010 23. 40.0 12.7 11.1 8.1 13.1 49 4.6 5.1 53 4.2 6. 1.3 1.2 1.3
2011 28.3 47.0 16.0 9.6 7.9 10.7 45 3.9 5.0 4.7 3.4 5.6 1.0 1.1 1.0
2012 27.6 44.0 16.7 10.6 94 11.3 4.8 4.8 4.8 4.4 3.4 5.1 1.0 0.7 1.2
2013 26. 427 16.2 10.9 9.3 11.9 4.7 5.0 4.6 43 4.1 44 14 1.2 1.5
2014 23.7 37.6 14.7 10.7 9.1 11.7 5.6 5.9 5.5 5.6 54 5.8 1.5 1.3 1.6
2015 21.9 34.1 14.2 10.9 9.3 12.0 6.0 6.0 5.9 5.1 4.8 5.3 2.2 2.1 2.2
2016 20. 31.7 11.5 10.4 9.8 10.9 5.7 5.6 5.7 5.7 5.6 5.8 3.3 3.6 3.1
2017 18.8 29.2 11.0 10.3 9.4 11.0 6.6 7.4 6.1 5.2 4.6 5.6 41 4.0 42

2018 19.5 30.3 11.1 10.1 92 10.7 5.6 53 5.8 5.1 49 5.3 52 54 5.0
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4. Discussion

This nationwide, insurance claims data-based study investigated the impact of
type 2 diabetes on age at death in Korean individuals undergoing hemodialysis. We ob-
served a significant increase in the mean age of death in the ESKD HD population with
diabetes (by 5.2 years) and without diabetes (by 8.1 years) from 2006 to 2018. This trend
was consistent in both men and women with ESKD-HD. However, the increase in age at
death was smaller in individuals with diabetes than those without. Our findings indicate
that, although the mean age at death significantly increased over time in those with and
without type 2 diabetes, those with type 2 diabetes consistently exhibited a lower mean
age at death. Type 2 diabetes was identified as a major contributing factor to the signif-
icantly lower age at death among individuals undergoing hemodialysis. Moreover, the
age-standardized mortality rate remained consistently higher in those with type 2 diabetes
than those without.

Type 2 diabetes represents one of the leading causes of end-stage kidney disease world-
wide [11]. Diabetic kidney disease, a major microvascular complication of type 2 diabetes,
is characterized by hyperglycemia-induced renal damage and may ultimately progress
to ESKD. In the report of the United States Renal Data System, 45.9% ESKD patients ac-
companied with a primary diagnosis of DM at initiation of renal replacement treatment
in 2004 [12]. According to data from Korean end-stage renal disease registry, diabetic
nephropathy accounted for 48% of newly diagnosed individuals with ESKD in 2014, re-
flecting its dominant contribution to the disease burden [13]. The Korean nationwide
study reported a rise in newly diagnosed diabetes, suggesting that both the number and
disease burden of individuals undergoing hemodialysis with type 2 diabetes are likely to
increase [14].

As the number of individuals with diabetes continues to rise, the number of patients
with end-stage kidney disease (ESKD) undergoing hemodialysis (HD) due to diabetes is
also expected to increase. In this study, the increase in age at death was smaller in patients
with diabetes than in those without, and individuals who initiated HD at a younger age
tended to have a lower age at death. In our analysis, the relationship between the age
at dialysis initiation and the time to death showed a similar impact on overall mortality,
consistent with previous findings by Bozorgmehri et al. [15], who reported that early
initiation of HD was associated with higher mortality in patients with ESKD. As the onset
age of diabetes has been decreasing [14], optimizing glycemic control is essential to prevent
the progression of diabetic nephropathy. In this regard, our study on the age and causes of
death among ESKD patients receiving HD is particularly noteworthy.

ESKD continues to be characterized by high mortality, with mortality notably increas-
ing immediately after the initiation of hemodialysis [16,17]. It is well established that
the leading causes of death among individuals with ESKD are kidney-related disease,
diabetes-related disease, cardiovascular disease, malignancy, and pneumonia [1]. DM is
the major cause of death in individuals with ESKD because it markedly increases the risk
of cardiovascular calcification [18]. DM also was associated with an increased risk of early
mortality in individuals with ESKD [19,20]. Accordingly, optimal management of DM is
essential to reduce the incidence of ESKD attributable to DM.

The age-standardized mortality rate had a decreasing trend in individuals undergoing
hemodialysis with type 2 diabetes in our study. The age-adjust mortality rates attributable to
DM and ESKD showed a sustained decline over the period from 1999 to 2020 in the United
States [21]. Such a trend may be attributable to the introduction of various antidiabetic
agents applicable to individuals with ESKD. Several DPP-4 inhibitors can be administered
to individuals with ESKD, and they have been available in Korea since the early 2010s.
The degree of glycemic control has been reported to influence mortality in individuals
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undergoing hemodialysis [22], and various antidiabetic agents may contribute to improved
glycemic management in this population.

Our study showed that the causes of death in the individuals undergoing hemodial-
ysis had changed during the study period. Deaths from pneumonia increased among
individuals undergoing hemodialysis with and without type 2 diabetes, consistent with
previous reports showing infection as a major cause of death and hospitalization in this
population [23,24]. Individuals undergoing hemodialysis are at an increased risk of infec-
tion, as uremia impairs immune function and makes them more susceptible to infectious
agents [25]. Type 2 diabetes also increases susceptibility to infection [26]. Individuals with
type 2 diabetes undergoing hemodialysis should receive particular attention to infection
prevention and management. Cancer accounted for the major cause of deaths in our cohort.
This finding is consistent with previous studies linking ESKD with an increased cancer
burden due to uremic toxins [27,28], highlighting the need for routine cancer screening in
this high-risk group.

The strength of our study lies in being the first Korean nationwide investigation of
age and causes of death in individuals undergoing hemodialysis with or without type
2 diabetes. We also examined trends in age at death according to type 2 diabetes status
among hemodialysis patients, an analysis that has been rarely reported to date. Based on
our results, as a younger age at initiation of hemodialysis is associated with a lower age at
death, it is important to manage the underlying conditions leading to dialysis, particularly
diabetes. Effective control of type 2 diabetes may not only delay the onset of ESKD but also
improve survival outcomes among individuals undergoing hemodialysis.

This study has several limitations. First, we retrospectively analyzed data from the
NHIS and NSIS databases; thus, further prospective studies are required to clarify the
impact of diabetes on age at death among individuals undergoing hemodialysis. Second,
we were unable to analyze the underlying causes of EKSD, such as diabetic nephropathy,
hypertension, and chronic glomerulonephritis, which limited our ability to assess the
effect of diabetic nephropathy in this population. Third, there were limitations related to
definitional disparities in the inclusion criteria of the NHIS database and in the endpoint
records of the NSIS database. Consequently, type 2 diabetes was occasionally included
as a cause of death in individuals without type 2 diabetes. Lastly, clinical data for the
study population were not available, preventing assessment of glycemic control or other
comorbidities. In conclusion, this nationwide study demonstrates that type 2 diabetes is
associated with a consistently lower age at death and higher age-standardized mortality
among Korean individuals undergoing hemodialysis. Although the mean age at death
increased over time in both those with and without type 2 diabetes, those with the condition
remained at a disadvantage, highlighting the persistent impact of type 2 diabetes on
survival in this population. These results emphasize the need for targeted clinical strategies
to improve outcomes in individuals undergoing hemodialysis with type 2 diabetes.
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