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Background: This study investigated the risk of cause-specific mortality according to glucose tolerance status in elderly South Koreans.
Methods: A total of 1,292,264 individuals aged ≥65 years who received health examinations in 2009 were identified from the Na-
tional Health Information Database. Participants were classified as normal glucose tolerance, impaired fasting glucose, newly-diag-
nosed diabetes, early diabetes (oral hypoglycemic agents ≤2), or advanced diabetes (oral hypoglycemic agents ≥3 or insulin). The 
risk of system-specific and disease-specific deaths was estimated using multivariate Cox proportional hazards analysis.
Results: During a median follow-up of 8.41 years, 257,356 deaths were recorded. Diabetes was associated with significantly higher 
risk of all-cause mortality (hazard ratio [HR], 1.58; 95% confidence interval [CI], 1.57 to 1.60); death due to circulatory (HR, 1.49; 
95% CI, 1.46 to 1.52), respiratory (HR, 1.51; 95% CI, 1.47 to 1.55), and genitourinary systems (HR, 2.22; 95% CI, 2.10 to 2.35); and 
neoplasms (HR, 1.30; 95% CI, 1.28 to 1.32). Diabetes was also associated with a significantly higher risk of death due to ischemic 
heart disease (HR, 1.70; 95% CI, 1.63 to 1.76), cerebrovascular disease (HR, 1.46; 95% CI, 1.41 to 1.50), pneumonia (HR, 1.69; 
95% CI, 1.63 to 1.76), and acute or chronic kidney disease (HR, 2.23; 95% CI, 2.09 to 2.38). There was a stepwise increase in the 
risk of death across the glucose spectrum (P for trend <0.0001). Stroke, heart failure, or chronic kidney disease increased the risk of 
all-cause mortality at every stage of glucose intolerance.
Conclusion: A dose-dependent association between the risk of mortality from various causes and severity of glucose tolerance was 
noted in the elderly population.
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INTRODUCTION

Diabetes mellitus (DM) is a highly prevalent chronic condition 
among the elderly. Approximately 20% to 30% of the elderly 
population is estimated to have diabetes, although the numbers 
vary among countries [1-3]. Elderly patients with diabetes com-
monly have other medical conditions (e.g., cardiovascular dis-
ease, chronic kidney disease, or heart failure [HF]) and are at an 
increased risk of mortality, which may impose a substantial so-
cioeconomic burden on society [4-6]. Furthermore, accumulat-
ing evidence indicates that mortality trends in patients with dia-
betes are changing [7-9]. However, the characteristics of death 
in the elderly population with diabetes are poorly understood. 
Even in the elderly population with diabetes, each individual has 
a different risk of mortality. Therefore, categorizing the elderly 
population with diabetes according to their risk of mortality and 
stratifying their cause-specific risk of death are important for ef-
ficiently managing limited public health resources. In this study, 
we describe the cause-specific risk of death in the South Korean 
elderly population and suggest a novel method to categorize the 
elderly population with respect to the risk of mortality. 

METHODS

Data source 
This study was based on the Korean National Health Informa-
tion Database (NHID), which combines data from the National 
Health Insurance Service (NHIS) collected for claims and reim-
bursement of healthcare services and general health examina-
tions [10]. The NHIS is a single public health insurance provider 
that covers 97% of the South Korean population. It offers health 
insurance, administers subscriptions for insured individuals and 
their dependents, collects payments, and establishes payment 
schedules for medical bills [11]. Every South Korean aged 20 
years or older is mandated to undergo public health screening at 
least every 2 years. Customized claims data from the NHID 
were obtained after de-identification. Details of the variables in-
cluded in the NHID and health examinations are described else-
where [12]. Data from the National Death Registry of Statistics 
Korea were merged to further integrate information regarding 
the cause and number of death events. The study protocol was 
reviewed and approved by the Institutional Review Board of 
Seoul St. Mary’s Hospital, Catholic University of Korea (ap-
proval number KC23ZISI0013). The requirement for informed 
consent was waived, because only de-identified data were used.

Study population
We identified 10,585,844 adults who underwent the national 
health examination in 2009. We excluded people younger than 
65 years (n=9,193,743), those with missing data (n=84,985), 
and those who died within 1 year of follow-up (n=14,852). Fi-
nally, 1,292,264 participants were enrolled and analyzed. This 
was a longitudinal retrospective observational study with a me-
dian follow-up period of 8.41 years (interquartile range, 8.06 to 
8.72).

Definitions
The study participants were categorized into five groups accord-
ing to the glucose spectrum: normal glucose tolerance (NGT), 
impaired fasting glucose (IFG), newly diagnosed DM, early 
DM, and advanced DM. NGT was defined as no history of dia-
betes (no disease code recorded or history of antidiabetic medi-
cation prescription) and a baseline fasting glucose level <100 
mg/dL. IFG was defined as no history of diabetes and a baseline 
fasting glucose level ≥100 and <126 mg/dL. Newly-diagnosed 
DM was defined as no history of diabetes but with a fasting glu-
cose level ≥126 mg/dL at health examination [13]. Early DM 
was defined as having a history of diabetes and being prescribed 
zero to two classes of antidiabetic medication. Advanced DM 
was defined as a history of diabetes and using three or more 
classes of antidiabetic medication or insulin treatment.

Body mass index (BMI) was calculated as weight divided by 
the square of height (kg/m2). Blood glucose, total cholesterol, 
triglyceride, high-density lipoprotein cholesterol, and low-den-
sity lipoprotein cholesterol levels were measured after an over-
night fast. The estimated glomerular filtration rate (eGFR) was 
calculated using the Modification of Diet in Renal Disease for-
mula: 186×(serum creatinine)–1.154×age–0.203×0.742 (if 
female), and chronic kidney disease was defined as eGFR <60 
mL/min/1.73 m2. Information regarding smoking history and 
alcohol consumption was obtained using a self-reported ques-
tionnaire. Drinking >30 g/day of alcohol was considered heavy 
consumption. Regular exercise was defined as performing >30 
minutes of moderate-intensity activity at least five times a week 
or >20 minutes of vigorous-intensity exercise at least three 
times a week [14]. Hypertension was defined as systolic blood 
pressure (BP) ≥140 mm Hg, diastolic BP ≥90 mm Hg, or at 
least one prescription of antihypertensive agents per year under 
International Classification of Disease, 10th revision (ICD-10) 
codes I10–I11. Dyslipidemia was defined as a total cholesterol 
level ≥240 mg/dL or at least one prescription of an antihyper-
lipidemic agent under ICD-10 code E78. History of ischemic 
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heart disease (I20–I25), stroke (I63, I64), HF (I50), and cancer 
(C00–C97) was identified based on ICD-10 codes. 

Outcomes
Death was the primary outcome of the study. We collected all-
cause, system-specific, and disease-specific mortality data of 
enrolled participants. The system and disease-specific causes of 
death were based on ICD-10 codes. System-specific death 
events were classified as circulatory system (code I), respiratory 
system (code J), genitourinary system (code N), neoplasm (code 
C), and others. Disease-specific death events were categorized 
as ischemic heart disease (I20–I25), cerebrovascular disease 
(I60–I69), pneumonia (J12–J18), and acute kidney failure and 
chronic kidney disease (N17–N19).

Statistical analysis
Baseline characteristics according to the glucose spectrum groups 

are described as the mean±standard deviation, median (inter-
quartile range), or number (%). The incidence rate of the out-
comes was calculated by dividing the total number of events by 
the follow-up period (person-years). A multivariate-adjusted Cox 
regression analysis was performed to estimate the risk (hazard ra-
tio [HR]) of mortality according to the presence of DM or glu-
cose spectrum. The Schoenfeld residual test, with a logarithm of 
the cumulative hazard functions based on Kaplan–Meier esti-
mates, was used to evaluate the proportional-hazards assumption. 
There was no significant departure from the proportionality to 
hazards over time. Model 1 was adjusted for age and sex, and 
model 2 was further adjusted for smoking, heavy alcohol con-
sumption, regular exercise, BMI, hypertension, and dyslipidemia. 
Sensitivity analysis was performed after excluding patients with 
underlying malignancies. Subgroup analyses were conducted 
based on age (<75 or ≥75 years), sex, or underlying diseases 
(stroke, HF, or chronic kidney disease), and the potential effects 

Table 1. Baseline Characteristics of the Study Population across the Glucose Spectrum

Characteristic NGT 
(n=693,831)

IFG 
(n=338,132)

Newly-diagnosed DM 
(n=50,618)

Early DM 
(n=132,396)

Advanced DM 
(n=77,314)

Age, yr 71.1±4.9 71.2±5.0 71.5±5.4 71.1±4.7 71.0±4.6

Male sex 305,938 (44.1) 166,791 (49.3) 28,198 (55.7) 61,259 (46.3) 36,267 (46.9)

Body mass index, kg/m2 23.5±3.1 24.1±3.2 24.3±3.3 24.8±3.1 24.5±3.2

Waist circumferences, cm 82.0±8.2 83.8±8.3 85.1±8.5 86.1±8.2 85.9±8.4

Systolic BP, mm Hg 129.0±16.2 131.4±16.3 133.0±17.1 131.8±16.2 130.8±16.5

Diastolic BP, mm Hg 78.0±10.1 79.0±10.2 79.6±10.5 78.1±10.2 77.2±10.3

Fasting glucose, mg/dL 88.8±7.4 108.6±6.8 149.1±33.8 127.8±39.0 142.1±55.2

Total cholesterol, mg/dL 197.5±37.5 202.2±39.3 202.7±42.5 191.0±40.3 187.2±42.2

Triglyceride, mg/dL 114 (83–159) 124 (90–174) 140 (99–201) 134 (96–189) 134 (95–190)

HDL-C, mg/dL 55.7±34.8 56.0±38.5 54.1±30.8 52.6±32.8 51.8±34.1

LDL-C, mg/dL 117.8±38.5 120.0±40.0 116.9±42.2 109.4±41.0 106.5±42.6

Current smoker 90,920 (13.1) 43,451 (12.9) 8,296 (16.4) 15,297 (11.6) 9,493 (12.3)

Heavy alcohol consumption 28,773 (4.2) 19,563 (5.8) 4,006 (7.9) 5,776 (4.4) 2,990 (3.9)

Regular exercise 131,282 (18.9) 67,866 (20.1) 10,043 (19.8) 29,371 (22.2) 15,531 (20.1)

Hypertension 365,128 (52.6) 209,113 (61.8) 33,420 (66.0) 99,607 (75.3) 60,049 (77.7)

Dyslipidemia 178,300 (25.7) 105,914 (31.3) 16,114 (31.8) 57,333 (43.3) 37,301 (48.3)

Chronic kidney disease 106,995 (15.4) 60,900 (18.0) 10,193 (20.1) 29,158 (22.0) 21,767 (28.2)

Ischemic heart disease 76,710 (11.1) 42,334 (12.5) 6,031 (11.9) 24,436 (18.5) 19,290 (25.0)

Stroke 41,428 (6.0) 21,498 (6.4) 3,228 (6.4) 11,974 (9.1) 9,851 (12.7)

Heart failure 16,894 (2.4) 9,010 (2.7) 1,578 (3.1) 4,281 (3.2) 3,841 (5.0)

Cancer 26,124 (3.8) 13,001 (3.8) 1,917 (3.8) 4,622 (3.5) 4,770 (6.2)

Values are expressed as mean±standard deviation, number (%) or median (interquartile range). P values for the trend were <0.0001 for all variables.
NGT, normal glucose tolerance; IFG, impaired fasting glucose; DM, diabetes mellitus; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol.
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modification was evaluated through stratified analysis and inter-
action testing using a likelihood-ratio test. Statistical significance 
was set at P<0.05. SAS version 9.4 was used for all statistical 
analyses (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics of study population
Among the 1,292,264 participants, 260,301 (20.1%) had diabetes 
at baseline. The enrolled participants were categorized into five 
groups according to their glucose spectrum: NGT (n=693,831, 
53.7%), IFG (n=338,132, 26.2%), newly diagnosed DM (n=  
50,618, 3.9%), early DM (n=132,396, 10.2%), and advanced 
DM (n=77,314, 6.0%). The baseline characteristics of the partic-
ipants across the glucose spectrum are shown in Table 1. Their 
mean age was approximately 71 years. The degree of obesity and 
abdominal obesity was higher in individuals with diabetes than 
in normoglycemic participants. BP, fasting glucose, lipid pro-
files, and rates of current smoking and heavy alcohol consump-
tion were the highest in people with newly diagnosed DM. The 
prevalence of comorbidities, such as hypertension, dyslipidemia, 
chronic kidney disease, ischemic heart disease, stroke, HF, and 
cancer, increased according to the severity of glucose intolerance 
(P for trend <0.0001 for all variables).

Risk of cause-specific mortality in elderly people across 
the glucose spectrum
During the follow-up period, 257,356 death events occurred. 
Overall, elderly people with diabetes were at an increased risk of 
mortality compared with the elderly population without diabetes 
(incidence rate 34.7 vs. 23.5 per 1,000 person-years; HR, 1.58; 
95% confidence interval [CI], 1.57 to 1.60). When cause-specif-
ic mortality was analyzed, people with diabetes had higher HRs 
of mortality in every aspect of system categories (circulatory 
system [HR, 1.49; 95% CI, 1.46 to 1.52], respiratory system 
[HR, 1.51; 95% CI, 1.47 to 1.55], genitourinary system [HR, 
2.22; 95% CI, 2.10 to 2.35], neoplasms [HR, 1.30; 95% CI, 1.28 
to 1.32], and others [HR, 1.38; 95% CI, 1.35 to 1.41]), with 
highest hazards for genitourinary system. The incidence rate of 
death in patients with diabetes was the highest for neoplasms 
(9.9 per 1,000 person-years) among the various system catego-
ries. We further explored the differences in the mortality risk 
across the glucose spectrum. Indeed, the risk of mortality in-
creased stepwise according to the severity of glucose intolerance 
in all-cause and system-specific deaths (all P<0.0001). Within 
the glucose spectrum, the risk of mortality markedly increased 

from early to advanced DM for all causes of death (Table 2). Al-
though neoplasms were the most common cause of death in the 
elderly population, the contribution of diabetes to the risk of 
death caused by neoplasms was relatively low. Because cancer 
per se is an important factor for mortality in patients with cancer, 
we further analyzed the cause-specific mortality trend after ex-
cluding participants with preexisting cancers at baseline. How-
ever, neoplasms were the most common cause of death in elderly 
people with diabetes (incidence rate 8.8 per 1,000 person-years). 
The multivariate adjusted HR for mortality was highest by geni-
tourinary system (HR, 2.22; 95% CI, 2.10 to 2.35), and the risk 
of mortality caused by every system step-wisely increased ac-
cording to glucose spectrum (Supplemental Table S1). We also 
examined the proportions of cause of death within each category 
of the glucose spectrum. Neoplasm was consistently the most 
common cause of death across all glucose spectrum categories, 
followed by the circulatory system, respiratory system, and geni-
tourinary system. The relative proportion of deaths caused by the 
circulatory system and genitourinary system tended to increase 
according to the glucose spectrum (Supplemental Fig. S1).

To further describe the characteristics of death in the elderly 
population, we analyzed the mortality risk of representative dis-
eases across the glucose spectrum. As expected, the presence of 
diabetes consistently increased the risk of mortality caused by 
ischemic heart disease (HR, 1.70; 95% CI, 1.63 to 1.76), cerebro-
vascular disease (HR, 1.46; 95% CI, 1.41 to 1.50), pneumonia 
(HR, 1.69; 95% CI, 1.63 to 1.76), and acute kidney failure and 
chronic kidney disease (HR, 2.23; 95% CI, 2.09 to 2.38). The in-
creased risk of mortality due to diabetes was most prominent 
among deaths caused by acute kidney failure and chronic kidney 
disease. Notably, the risk of mortality increased stepwise across 
the glucose spectrum for every cause (P for trend <0.0001). 
Within the glucose spectrum, the risk of mortality increased most 
markedly from early to advanced DM for every cause of death. 
The multivariate adjusted HR for death caused by acute kidney 
failure and chronic kidney disease was 3.96 (95% CI, 3.63 to 
4.32) for advanced DM compared with NGT (Table 3).

Subgroup analyses
In the elderly population with diabetes, the mortality rate is 
known to markedly increase after the age of 75 years [15]. Based 
on this knowledge, we subcategorized the participants into those 
aged below or over 75 years and analyzed their cause-specific 
mortality risk. Both age subgroups exhibited similar trends in 
cause-specific mortality risk in the glucose spectrum (Fig. 1). 
Mortality risk gradually increased across the glucose spectrum 
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Table 2. Hazard Ratios and 95% Confidence Intervals for Death according to the Glucose Spectrum

Cause of death Diabetes spectrum Number No. of events Incidence rate,  
/1,000 PY Model 1 Model 2

All-cause DM

   No 1,031,963 189,739 23.5 1 (reference) 1 (reference)

   Yes 260,301 67,617 34.7 1.51 (1.50–1.52) 1.58 (1.57–1.60)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 125,417 23.1 1 (reference) 1 (reference)

   IFG 338,132 64,322 24.4 1.02 (1.01–1.03) 1.06 (1.05–1.07)

   Newly-diagnosed DM 50,618 12,851 33.9 1.35 (1.32–1.37) 1.39 (1.36–1.41)

   Early DM 132,369 30,186 29.8 1.33 (1.31–1.34) 1.44 (1.42–1.46)

   Advanced DM 77,314 24,580 43.9 2.03 (2.00–2.06) 2.14 (2.11–2.17)

   P for trend <0.0001 <0.0001

Circulatory system (I) DM

   No 1,031,963 41,524 5.1 1 (reference) 1 (reference)

   Yes 260,301 14,872 7.6 1.53 (1.51–1.56) 1.49 (1.46–1.52)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 27,452 5.1 1 (reference) 1 (reference)

   IFG 338,132 14,072 5.3 1.03 (1.01–1.06) 1.03 (1.01–1.05)

   Newly-diagnosed DM 50,618 2,885 7.6 1.40 (1.35–1.46) 1.38 (1.32–1.43)

   Early DM 132,369 6,833 6.7 1.39 (1.35–1.42) 1.36 (1.33–1.40)

   Advanced DM 77,314 5,154 9.2 1.99 (1.93–2.05) 1.87 (1.82–1.93)

   P for trend <0.0001 <0.0001

Respiratory system (J) DM

   No 1,031,963 23,498 2.9 1 (reference) 1 (reference)

   Yes 260,301 7,065 3.6 1.31 (1.28–1.35) 1.51 (1.47–1.55)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 15,861 2.9 1 (reference) 1 (reference)

   IFG 338,132 7,637 2.9 0.95 (0.92–0.98) 1.03 (1.00–1.06)

   Newly-diagnosed DM 50,618 1,584 4.2 1.28 (1.22–1.35) 1.42 (1.35–1.49)

   Early DM 132,369 3,048 3.0 1.09 (1.05–1.14) 1.35 (1.30–1.40)

   Advanced DM 77,314 2,433 4.3 1.68 (1.61–1.75) 1.96 (1.88–2.05)

   P for trend <0.0001 <0.0001

Genitourinary system (N) DM

   No 1,031,963 3,669 0.5 1 (reference) 1 (reference)

   Yes 260,301 2,081 1.1 2.45 (2.32–2.58) 2.22 (2.10–2.35)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 2,429 0.4 1 (reference) 1 (reference)

   IFG 338,132 1,240 0.5 1.03 (0.96–1.10) 0.99 (0.93–1.06)

(Continued to the next page)
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in all-cause mortality and death caused by circulatory, respirato-
ry, and genitourinary systems; neoplasms; and others (all P for 
trend <0.0001). Importantly, the increase in mortality risk across 
the glucose spectrum was more pronounced in people aged be-
low 75 years than those aged at or over 75 years for all causes of 
death (P for interaction <0.0001 except for neoplasms which 
was P=0.0058). The HR of mortality in participants aged <75 
years was highest in the genitourinary system (HR, 4.77; 95% 
CI, 4.33 to 5.25). The patterns of mortality risk according to glu-
cose spectrum were also significantly different between men and 
women in terms of all-cause mortality and death caused by the 
circulatory system, respiratory system, and others (Supplemental 

Fig. S2).

Risk of all-cause mortality in elderly people according to 
the glucose spectrum depending on their underlying 
diseases
Elderly people commonly have serious medical conditions. 
Chronic kidney disease, HF, and stroke are commonly associat-
ed diseases in patients with diabetes [16,17]. We further ana-
lyzed whether the presence of these comorbidities changed the 
risk of mortality in the elderly population according to the glu-
cose spectrum. The risk of mortality increased stepwise across 
the glucose spectrum regardless of the presence of an underly-

Table 2. Continued

Cause of death Diabetes spectrum Number No. of events Incidence rate,  
/1,000 PY Model 1 Model 2

   Newly-diagnosed DM 50,618 263 0.7 1.46 (1.28–1.65) 1.37 (1.21–1.56)

   Early DM 132,369 821 0.8 1.89 (1.75–2.05) 1.71 (1.58–1.85)

   Advanced DM 77,314 997 1.8 4.41 (4.09–4.74) 3.81 (3.53–4.11)

   P for trend <0.0001 <0.0001

Neoplasms (C) DM

   No 1,031,963 64,679 8.0 1 (reference) 1 (reference)

   Yes 260,301 19,313 9.9 1.23 (1.22–1.25) 1.30 (1.28–1.32)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 42,424 7.8 1 (reference) 1 (reference)

   IFG 338,132 22,255 8.5 1.03 (1.02–1.05) 1.07 (1.05–1.08)

   Newly-diagnosed DM 50,618 3,868 10.2 1.18 (1.14–1.22) 1.20 (1.16–1.24)

   Early DM 132,369 9,111 9.0 1.15 (1.13–1.18) 1.24 (1.22–1.27)

   Advanced DM 77,314 6,334 11.3 1.48 (1.44–1.52) 1.58 (1.54–1.63)

   P for trend <0.0001 <0.0001

Others DM

   No 1,031,963 43,330 5.4 1 (reference) 1 (reference)

   Yes 260,301 12,817 6.6 1.27 (1.25–1.30) 1.38 (1.35–1.41)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 28,868 5.3 1 (reference) 1 (reference)

   IFG 338,132 14,462 5.5 1.00 (0.98–1.02) 1.05 (1.03–1.08)

   Newly-diagnosed DM 50,618 2,922 7.7 1.33 (1.28–1.38) 1.41 (1.35–1.46)

   Early DM 132,369 5,737 5.7 1.11 (1.08–1.14) 1.26 (1.22–1.29)

   Advanced DM 77,314 4,158 7.4 1.53 (1.48–1.58) 1.68 (1.63–1.74)

   P for trend <0.0001 <0.0001

Model 1: Adjusted for age and sex; Model 2: Adjusted for model 1+smoking, heavy drinking, regular exercise, body mass index, hypertension, and dys-
lipidemia.
PY, person-years; DM, diabetes mellitus; NGT, normal glucose tolerance; IFG, impaired fasting glucose.
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Table 3. Hazard Ratios and 95% Confidence Intervals for Specific Cause of Death according to the Glucose Spectrum

Cause of death Diabetes spectrum Number No. of events Incidence rate, 
/1,000 PY Model 1 Model 2

Ischemic heart disease DM

   (I20–I25)    No 1,031,963 9,676 1.2 1 (reference) 1 (reference)

   Yes 260,301 4,117 2.1 1.81 (1.74–1.88) 1.70 (1.63–1.76)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 6,321 1.2 1 (reference) 1 (reference)

   IFG 338,132 3,355 1.3 1.06 (1.02–1.11) 1.05 (1.01–1.09)

   Newly-diagnosed DM 50,618 718 1.9 1.50 (1.39–1.62) 1.45 (1.34–1.57)

   Early DM 132,369 1,851 1.8 1.62 (1.54–1.70) 1.53 (1.45–1.61)

   Advanced DM 77,314 1,548 2.8 2.55 (2.41–2.70) 2.29 (2.16–2.42)

   P for trend <0.0001 <0.0001

Cerebrovascular disease DM

   (I60–I69)    No 1,031,963 16,903 2.1 1 (reference) 1 (reference)

   Yes 260,301 5,818 3.0 1.47 (1.42–1.51) 1.46 (1.41–1.50)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 11,230 2.1 1 (reference) 1 (reference)

   IFG 338,132 5,673 2.2 1.02 (0.99–1.05) 1.02 (0.99–1.06)

   Newly-diagnosed DM 50,618 1,158 3.1 1.37 (1.29–1.46) 1.37 (1.29–1.45)

   Early DM 132,369 2,694 2.7 1.33 (1.27–1.39) 1.34 (1.29–1.40)

   Advanced DM 77,314 1,966 3.5 1.83 (1.75–1.92) 1.78 (1.70–1.87)

   P for trend <0.0001 <0.0001

Pneumonia (J12–J18) DM

   No 1,031,963 11,623 1.4 1 (reference) 1 (reference)

   Yes 260,301 3,957 2.0 1.51 (1.45–1.56) 1.69 (1.63–1.76)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 7,680 1.4 1 (reference) 1 (reference)

   IFG 338,132 3,943 1.5 1.02 (0.98–1.06) 1.09 (1.05–1.13)

   Newly-diagnosed DM 50,618 822 2.2 1.39 (1.29–1.49) 1.50 (1.40–1.62)

   Early DM 132,369 1,748 1.7 1.31 (1.24–1.38) 1.57 (1.49–1.65)

   Advanced DM 77,314 1,387 2.5 2.03 (1.92–2.15) 2.31 (2.18–2.45)

   P for trend <0.0001 <0.0001

Acute kidney failure  DM

   and CKD (N17–N19)    No 1,031,963 2,584 0.3 1 (reference) 1 (reference)

   Yes 260,301 1,530 0.8 2.54 (2.38–2.70) 2.23 (2.09–2.38)

   P value <0.0001 <0.0001

Glucose spectrum

   NGT 693,831 1,710 0.3 1 (reference) 1 (reference)

   IFG 338,132 874 0.3 1.02 (0.94–1.11) 0.97 (0.89–1.05)

(Continued to the next page)
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ing disease. However, when participants in the same glucose 
spectrum were compared, the risk of all-cause mortality was 
consistently higher in those with comorbidities than in those 
without comorbidities (Fig. 2). In general, subjects with early 
DM and comorbidities had a similar risk of all-cause mortality 
as those with advanced DM and no comorbidities.

DISCUSSION

In this study, we characterized the cause-specific mortality risk 
in the elderly population along the glucose spectrum. We sub-
categorized the elderly population into normoglycemia, IFG, 
newly diagnosed DM, early DM, and advanced DM groups, 
and demonstrated that the risk of mortality increased stepwise 
across the glucose spectrum. This trend was consistently ob-
served regardless of the cause of death, age, sex, and underlying 
diseases (chronic kidney disease, HF, and stroke). Neoplasms 
were the most common cause of death in the elderly population, 
whereas the genitourinary system was the cause of death most 
influenced by the presence of diabetes.

Several studies have attempted to stratify the risk of mortality 
in the elderly population [12,18-21]. However, these studies of-
ten relied on variables that are frequently omitted in real-world 
clinical settings. In our study, we aimed to classify subjects 
based on the diabetes spectrum by using easily obtainable vari-
ables such as fasting glucose levels, diabetes diagnosis, the 
number of oral hypoglycemic agents used, and insulin usage. 
Our classification method did not incorporate information on 
the presence of diabetes-related complications, which could po-
tentially influence the risk of mortality. Therefore, our study en-
abled the stratification of cause-specific mortality irrespective 
of the underlying disease status. We propose that our classifica-
tion method adequately represents the disease severity using 
readily available variables.

Our data provide valuable insights for health administrators 

regarding public resource allocation. We found that the risk of 
mortality was consistently increased in the IFG group, with a 
HR of 1.06 and 95% CI of 1.05 to 1.07, which aligns with a re-
cent report [22]. Approximately 50% of the elderly population 
falls under the IFG category [2]. Consequently, greater efforts 
should be dedicated to promoting lifestyle modification in the 
elderly population with IFG, particularly in primary care set-
tings. Furthermore, the mortality risk showed a modest increase 
in early DM (HR, 1.44; 95% CI, 1.42 to 1.46) and newly diag-
nosed DM (HR, 1.39; 95% CI, 1.36 to 1.41). Therefore, compa-
rable attention should be given to elderly individuals with dia-
betes, starting from the time of DM diagnosis until they require 
treatment with three or more classes of antidiabetic medications 
or insulin. In the context of the glucose spectrum, the risk of 
mortality exhibited a substantial increase from early to ad-
vanced DM, contributing to deaths across various body systems. 
Notably, the risk of mortality in advanced DM was higher 
among individuals aged 65 to 75 years than those aged over 75 
years. Consequently, elderly patients with diabetes who use 
three or more classes of oral hypoglycemic agents or receive in-
sulin treatment require increased medical care and attention.

Neoplasms were the most common cause of death in the el-
derly population, and their relative risk increased with the glu-
cose spectrum. This result is consistent with those of previous 
studies performed in the general diabetes population in the 
United Kingdom and Australia [7,23]. Cardiovascular disease 
was the most common cause of death in patients with diabetes 
owing to its high incidence and fatality rate. Improvements in 
coronary and cerebral revascularization techniques and medical 
care to control cardiovascular disease-associated risk factors 
(BP, glucose, and lipids) may have contributed to this change in 
mortality trends [24,25]. The association between hyperglyce-
mia and the development, progression, and survival of cancer 
has been studied extensively [26,27]. Therefore, more resources 
should be provided for cancer screening and management in pa-

Table 3. Continued

Cause of death Diabetes spectrum Number No. of events Incidence rate, 
/1,000 PY Model 1 Model 2

   Newly-diagnosed DM 50,618 178 0.5 1.38 (1.18–1.61) 1.27 (1.09–1.49)

   Early DM 132,369 578 0.6 1.88 (1.71–2.07) 1.63 (1.48–1.80)

   Advanced DM 77,314 774 1.4 4.80 (4.40–5.22) 3.96 (3.63–4.32)

   P for trend <0.0001 <0.0001

Model 1: Adjusted for age and sex; Model 2: Adjusted for model 1+smoking, heavy drinking, regular exercise, body mass index, hypertension, and dys-
lipidemia.
PY, person-years; DM, diabetes mellitus; NGT, normal glucose tolerance; IFG, impaired fasting glucose.
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Fig. 1. Risk of cause-specific mortality in elderly people according to the glucose spectrum in age subgroups. (A) All-cause mortality. (B) 
Circulatory system. (C) Respiratory system. (D) Neoplasms. (E) Genitourinary system. (F) Others. NGT, normal glucose tolerance; IFG, 
impaired fasting glucose; DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval.
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tients with advanced DM. 
Genitourinary system disease, more specifically ‘acute kidney 

failure and chronic kidney disease,’ was the cause of death for 
which the risk was most increased by the presence of diabetes 
(HR, 2.23; 95% CI, 2.09 to 2.38). In particular, for those with 
advanced DM, the HR of death reached 3.96 (95% CI, 3.63 to 
4.32) compared with those with no diabetes. This result was 
similar to that of a large-scale epidemiological study performed 
in the United States, which reported that nephritis and nephrotic 
diseases were the causes of death, and the risk was most in-
creased by the presence of diabetes [8]. Strikingly, proper annu-
al evaluation of renal function (eGFR and albumin-to-creatinine 
ratio) in patients with type 2 diabetes in primary care clinics was 
estimated to be only 51.6% in the United States [28]. Moreover, 
the annual albumin-to-creatinine ratio evaluation rate in Korea 
was only 28.4% [29]. Therefore, efforts should be made to en-
courage proper screening and management of renal diseases in 
primary care clinics.

The large number of participants is a strength of the present 
study. Taking advantage of the Korean NHIS database, we en-
rolled 1,292,264 elderly individuals with a median follow-up 
period of 8.41 years to evaluate mortality characteristics in this 
study. To the best of our knowledge, the number of participants 
in our study was the largest compared with that in other studies 
evaluating mortality characteristics in the elderly population, 
especially with respect to diabetes [30-32]. Moreover, since the 
Korean NHIS is a single health insurance cooperation program 
that mandates nearly all South Koreans to be engaged, we spec-
ulate that our study properly represents the general characteris-
tics of the elderly South Korean population. However, this study 
has some limitations. Hemoglobin A1c and postprandial glu-
cose levels were not included in our study because these param-
eters are not measured by the National Health Surveillance Pro-
gram in Korea. Therefore, pre-diabetes patients with impaired 
glucose tolerance were excluded from this study. However, 
even without these important laboratory values, the elderly pop-
ulation can be sufficiently classified using administrative infor-
mation (diagnostic and prescription codes) to stratify the risk of 
mortality. Hence, we do not believe that these missing laborato-
ry values undermine the results of this study. Recently, novel 
antidiabetic drugs (sodium-glucose cotransporter-2 inhibitors, 
glucagon like peptide-1 receptor agonists, and glucagon-like 
peptide-1/glucose-dependent insulinotropic polypeptide co-ago-
nists) and mineralocorticoid receptor antagonists with proven 
renal, cardiovascular, or HF benefits in patients with diabetes 
have been introduced [33-40]. The current study was based on 

Fig. 2. Risk of all-cause mortality in elderly people across the glu-
cose spectrum depending on their underlying diseases: (A) stroke, 
(B) heart failure (HF), and (C) chronic kidney disease (CKD). HR, 
hazard ratio; CI, confidence interval; NGT, normal glucose toler-
ance; IFG, impaired fasting glucose; DM, diabetes mellitus.
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databases for which these drugs were not available. Whether 
this advancement in medical care can change the characteristics 
of mortality trends in the elderly population is an interesting 
subject for future exploration. 

In conclusion, we described the characteristics and risk of 
mortality in an elderly population with respect to the glucose 
spectrum. We suggest that classifying the elderly population 
based on their glucose spectrum sufficiently stratifies the risk of 
mortality. These data provide valuable evidence to support health 
administration decisions to reduce future healthcare expenses.
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