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Background: This study aimed to investigate the long-term effects of diabetes drug costs on cardiovascular (CV) events and death. 
Methods: This retrospective observational study used data from 2009 to 2018 from the National Health Insurance in Korea. Among 
the patients with type 2 diabetes, those taking antidiabetic drugs and who did not have CV events until 2009 were included. Patients 
were divided into quartiles (Q1 [lowest]–4 [highest]) according to the 2009 diabetes drug cost. In addition, the 10-year incidences of 
CV events (non-fatal myocardial infarction, stroke, hospitalization for heart failure, and coronary revascularization) and CV death 
(death due to CV events) were analyzed.
Results: A total of 441,914 participants were enrolled (median age, 60 years; men, 57%). CV events and death occurred in 28.1% 
and 8.36% of the patients, respectively. The 10-year incidences of CV events and deaths increased from Q1 to 4. After adjusting for 
sex, age, income, type of diabetes drugs, comorbidities, and smoking and drinking status, the risk of CV events significantly in-
creased according to the sequential order of the cost quartiles. In contrast, the risk of CV death showed a U-shaped pattern, which 
was the lowest in Q3 (hazard ratio [HR], 0.953; 95% confidence interval [CI], 0.913 to 0.995) and the highest in Q4 (HR, 1.266; 
95% CI, 1.213 to 1.321).
Conclusion: Diabetes drug expenditure affects 10-year CV events and mortality. Therefore, affording an appropriate diabetes drug 
cost at a similar risk of CV is an independent protective factor against CV death.

Keywords: Diabetes mellitus; Costs and cost analysis; Cardiovascular diseases; Mortality 

INTRODUCTION

In recent decades, the prevalence of diabetes mellitus among 

adults aged 20 to 79 years has increased worldwide from 6.6% 
in 2010 to 9.3% in 2019. Moreover, the annual global health ex-
penditure on the treatment of diabetes was United States dollar 
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(USD) 760 billion in 2019 [1,2]. Diabetes increases the risk of 
cardiovascular (CV) complications, accounting for 11.3% of 
deaths worldwide [3], and imposes a substantial economic bur-
den on both society and individuals [4]. 

Risk factors for CV disease have been identified, and the im-
portance of managing these factors has been consistently em-
phasized for over 30 years [5]. Diabetes is a risk factor, and the 
ultimate goal of diabetes treatment is to reduce the risk of CV 
complications, which is 2.4 to 4.0 times higher in patients with 
diabetes than those without diabetes [6]. Along with lifestyle 
modifications, selecting an appropriate drug based on patients’ 
clinical characteristics can reduce the occurrence of CV events 
[7]. In addition, the rising economic burden of diabetes may 
cause financial strain on individuals, especially those with lower 
socioeconomic status and health systems [8]. Despite these lim-
itations, few studies have evaluated the effect of the cost of dia-
betes drugs on the risk of CV events and death.

In this study, we aimed to analyze the risk of CV events and 
death according to diabetes drug cost over a 10-year period us-
ing the 2009 to 2018 National Health Insurance data in Korea.

METHODS

Study participants
This retrospective observational study was conducted using the 

National Health Information Database (NHID) of the National 
Health Insurance Service (NHIS) in Korea. The NHIS operates 
a mandatory public insurance program for all citizens and sup-
ports public health policy and research activities by developing 
and maintaining the NHID [9]. Before the commencement of 
the study, approval was obtained from the Institutional Review 
Board of Yeungnam University Hospital (no. 2019-12-040) and 
the NHIS Review Board (no. NHIS-2020-1-159). Informed 
consent was waived by the board.

A total of 1,494,633 eligible ethnic Korean individuals with 
type 2 diabetes who did not experience CV events between Jan-
uary 01, 2009 and December 31, 2009, were enrolled in this 
study. Individuals with type 2 diabetes were selected according 
to the Korean Standard Disease Code (KCD-7-based Interna-
tional Classification of Diseases, 10th revision [ICD-10]; ICD 
code: E11). The following individuals were excluded from the 
study: (1) those who had a history of CV events until 2009 or no 
diabetes medication prescription during the observational period 
(n=4,057); (2) those who died in 2009 or had no demographic 
data in 2009 (n=6,939); (3) those whose diabetes medication 
costs were zero (n=21,149); and (4) those who had no physical 
examination data in 2009 (n=1,020,574) (Fig. 1). A total of 
441,914 participants were enrolled in the final analysis, and 
their incident CV events and deaths were followed until Decem-
ber 31, 2018.

Subjects with type 2 diabetes (ICD-10 code E11) without CV events in 
the 2009 National Health Insurance Service (NHIS) database

(n=1,494,633)

Enrollment 
(n=441,914)

10-Year (2009−2018) incidence of 
CV events (n=124,183) and death (n=36,949)

2009 Diabetes drug cost

Q1 (lowest) Q2 Q3 Q4 (highest)

Excluded (n=1,052,719)
History of CV events untill 2009 or no diabetes medication 

prescription during the observational period (n=4,057) 
Died in 2009 or had no demographic data in 2009 (n=6,939) 
Diabetes medication costs were zero (n=21,149) 
No physical examination data in 2009 (n=1,020,574)

Fig. 1. Flowchart for participant inclusion. ICD-10, International Classification of Diseases, 10th revision; CV, cardiovascular.
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Outcome
The outcomes included CV events and deaths, selected accord-
ing to the KCD-7-based ICD-10. CV events included cardiac 
death (ICD codes: I21, I46, I50, I110, I130, and I132+ death), 
non-fatal myocardial infarction (MI; ICD codes: I21 and I22), 
stroke (ICD codes: I60, I61, I62, I63, and I64), hospitalization 
due to heart failure (HF; ICD codes: I50, I110, I130, and 
I132+admission), and coronary revascularization (procedure 
codes: O16 and OA64). In the case of duplicated CV events for 
identical participants, the analysis was based on the first event. 
CV death was defined as death owing to CV events [10].

Variables
Data on sex, age, region, income deciles (1st–20th deciles), 
presence of hypertension (ICD code: I10), dyslipidemia (ICD 
code: E78), body mass index, smoking (yes/no), and drinking 
status (yes/no) at the time of enrollment were collected. Obesity 
was defined as a body mass index ≥25 kg/m2 for Koreans.

Antidiabetic drugs were classified as insulin, sulfonylurea 
(SU), metformin (MET), dipeptidyl peptidase-4 inhibitor (DP-
P4i), thiazolidinedione (TZD), other combinations of SU 
(SU+TZD and SU+MET), MET+DPP4i, MET+TZD, other 
combinations of MET (MET+sodium-glucose cotransporter-2 
inhibitor [SGLT2i] and MET+meglitinide), and glucagon-like 
peptide-1 receptor agonist (GLP1-RA). Data on the annual cost 
of each diabetes drug from 2009 to 2018 were collected. In par-
ticular, the data for SGLT2i and GLP1-RA were available in 
2015–2018 and 2016–2018, respectively. For further analysis, 
the 2009 diabetes drug cost per person was divided into quar-
tiles (Q1–4). The cost of diabetes drugs was converted to USD 
based on the exchange rate as of April 18, 2022 (USD 1=1,230 
KRW).

Statistical analysis
The differences in demographics according to the 2009 cost 
quartiles were evaluated using the analysis of variance (ANO-
VA) test for continuous variables and the chi-square test for cat-
egorical variables. Hazard ratios (HRs) of incident CV events 
and deaths were analyzed using a Cox proportional hazards 
model. The follow-up duration was calculated based on the time 
when CV events or deaths occurred. Covariates, including the 
risk factors for atherosclerotic CV disease, have been adjusted 
[5]. The HRs of diabetic drugs were analyzed from the time the 
drug was first taken (2015–2018 for SGLT2i and 2016–2018 for 
GLP1-RA) to December 31, 2018. All analyses were performed 
using SAS software version 9.4 (SAS Institute, Cary, NC, 

USA), and a P value of 0.05 was considered significant.

RESULTS

Participants’ characteristics 
Demographic characteristics according to the 2009 cost quar-
tiles are presented in Table 1. The median age of the participants 
was 60 years (range, 18 to 102), and the male-to-female ratio 
was 1.3:1. The distribution of sex, age, residential area, and in-
come level differed among cost quartiles (all P<0.001). The 
proportion of men and the number of individuals aged <60 
years were higher in Q4. The proportion of residents in the met-
ropolitan area and the proportion of participants in the highest 
income deciles (17–20) were higher in Q1 and 4 than that in Q2 
and 3. The prevalence of hypertension, dyslipidemia, and obesi-
ty was different among the cost quartiles and was the highest in 
Q1, 4, and 2, respectively (all P<0.001). The proportion of 
smokers and drinkers was the highest in Q3 and 2, respectively 
(both P<0.001).

The expenditure on each diabetes drug from 2009 to 2018 is 
presented in Table 2. Over these 10 years, the expenditure on 
MET+DPP4i was the highest, with medians of 70, 398, 818, 
and 1,443 USD per person according to quartiles, respectively. 
The expenditure on DPP4i was the second highest, with medi-
ans of 44, 275, 636, and 1,263 USD per person, respectively. In 
the case of GLP-1RA, data of 2016–2018 is only available; 
however, its expenditure was comparable to that for DPP4i, 
with medians of 71, 238, 592, and 1,610 USD per person, re-
spectively. While expenditure on most drugs increased in each 
quartile range in stages, the expenditure on insulin increased 
sharply in the fourth quartile, with medians of 1, 2, 36, and 990 
USD per person, respectively.

Diabetes drug cost and incidence of CV events and death
From 2009 to 2018, CV events occurred in 124,183 (28.1%) 
participants. The annual and cumulative incidence of CV events 
according to the 2009 cost quartiles are shown in Fig. 2. The an-
nual incidence of CV events was the lowest in Q1 from 2010 to 
2018. The annual incidence of CV events was the highest in Q4, 
except for Q1 in 2010 and Q3 in 2016. The 10-year incidence of 
CV events was the highest in Q4 (29.8%), followed by Q3, 2, 
and 1 (28.9%, 27.4%, and 26.4%, respectively). 

The 10-year incidence of CV death was 8.4% (n=36,949). 
The annual and cumulative incidence of CV deaths according to 
the 2009 cost quartiles are shown in Fig. 3. From 2009 to 2018, 
the annual and cumulative incidence of CV death was the low-
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est in Q1 and increased in the sequential order of cost quartiles. 
The 10-year incidence of CV death was the highest in Q4 
(9.2%), followed by Q3, 2, and 1 (8.8%, 8.1%, and 7.4%, re-
spectively). 

In particular, the incidence of non-fatal MI, stroke, hospital-
ization due to HF, and coronary revascularization was the low-
est in Q1 and increased in the sequential order of cost quartiles. 
In addition, death resulting from non-fatal MI, stroke, hospital-
ization due to HF, and coronary revascularization also showed a 

similar pattern (Supplemental Table S1). 

Diabetes drug cost and risk of CV event and death
The risks of incident CV events and deaths were analyzed using 
the Cox regression analysis (Table 3). Sex, age, income, diabe-
tes drug cost, type of diabetes drug used, presence of hyperten-
sion, dyslipidemia, obesity, and smoking and drinking status 
were considered as covariates. After adjusting for covariates, 
the risk of CV events and death was lower in women, increased 

Table 1. Demographic Characteristics

Characteristic
2009 Diabetes drug cost quartiles

P valueQ1 (lowest)
(n=110,411)

Q2
(n=110,546)

Q3
(n=110,472)

Q4 (highest)
(n=110,485)

Sex <0.001

   Men 59,956 (54.3) 63,099 (57.1) 64,452 (58.3) 65,579 (59.4)

   Women 50,455 (45.7) 47,447 (42.9) 46,020 (41.7) 44,906 (40.6)

Age, yr <0.001

   ≤29 232 (0.2) 273 (0.3) 282 (0.3) 482 (0.4)

   30–39 2,485 (2.3) 2,879 (2.6) 3,038 (2.8) 3,900 (3.5)

   40–49 14,130 (12.8) 15,883 (14.4) 16,994 (15.4) 19,203 (17.4)

   50–59 31,343 (28.4) 32,783 (29.7) 34,148 (30.9) 35,629 (32.3)

   60–69 37,820 (34.3) 36,113 (32.7) 35,564 (32.2) 34,105 (30.9)

   70–79 21,621 (19.6) 20,184 (18.3) 18,381 (16.6) 15,731 (14.2)

   ≥80 2,780 (2.5) 2,431 (2.2) 2,065 (1.9) 1,435 (1.3)

Age, yr 60.5±10.5 59.8±10.6 59.2±10.6 58.0±10.6 <0.001

Regiona <0.001

   Metropolitanb 49,668 (45.0) 48,161 (43.6) 48,117 (43.6) 48,586 (44.0)

   Ruralc 60,736 (55.0) 62,380 (56.4) 62,353 (56.4) 61,891 (56.0)

Income decilesa <0.001

   1–4 17,801 (16.1) 18,059 (16.3) 18,296 (16.6) 17,233 (15.6)

   5–8 14,898 (13.5) 15,505 (14.0) 15,524 (14.1) 15,232 (13.8)

   9–12 18,493 (16.8) 18,936 (17.1) 19,207 (17.4) 18,927 (17.1)

   13–16 24,570 (22.3) 24,735 (22.4) 24,706 (22.4) 24,879 (22.5)

   17–20 32,410 (29.4) 31,145 (28.2) 30,524 (27.6) 32,048 (29.0)

Hypertension 68,279 (61.8) 66,087 (59.8) 65,092 (58.9) 64,686 (58.6) <0.001

Dyslipidemia 58,167 (52.7) 56,054 (50.7) 59,042 (53.5) 66,593 (60.3) <0.001

Obesity 53,696 (48.6) 54,758 (49.5) 52,304 (47.4) 52,521 (47.5) <0.001

Body mass index, kg/m2 25.1±3.2 25.1±3.2 25.0±3.2 25.0±3.3 <0.001

Smoking 17,996 (16.3) 20,752 (18.8) 21,841 (19.8) 22,351 (20.2) <0.001

Drinking 22,338 (20.2) 23,647 (21.4) 23,209 (21.0) 22,745 (20.6) <0.001

Values are expressed as number (%) or mean±standard deviation. Analysis of variance (ANOVA) test for continuous variables and chi-square test for 
categorical variables were performed.
a22 (region) and 8,786 (income) data are missing; bSeoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan; cGyeonggi, Gangwon, Chungbuk, Chun-
gnam, Jeonbuk, Gyeongbuk, Gyeongnam, Jeju.
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Annual incidence of cardiovascular event

Cumulative incidence of cardiovascular event

Diabetes cost

Diabetes cost

Q1 (lowest)

Q1 (lowest)

Q2

Q2

Q3

Q3

Q4 (highest)

Q4 (highest)

Table 2. The Expenditure on Each Diabetes Drug from 2009 to 2018 (USD per Person)

Insulin SU MET DPP4i TZD
SU+TZD 

and 
SU+MET

MET+
DPP4i

MET+
TZD

MET+
SGLT2ia and 

MET+
Meglitinide

GLP-1RAb

Q1  
(lowest)

1
(1–1)

48
(1–140)

28
(1–74)

44
(1–142)

28
(1–73)

13
(1–44)

70
(1–215)

24
(1–59)

21
(1–52)

71
(8–137)

Q2 2
(1–10)

245
(140–360)

123
(74–175)

275
(142–440)

150
(73–261)

96
(44–168)

398
(215–597)

104
(59–178)

80
(52–124)

238
(137–380)

Q3 36
(10–215)

497
(360–666)

233
(75–309)

636
(440–888)

418
(261–640)

268
(168–411)

818
(597–1,087)

289
(178–491)

172
(124–241)

592
(380–951)

Q4  
(highest)

990
(215–15,724)

948
(666–6,257)

424
(309–5,411)

1263
(888–4,659)

1008
(640–3,722)

666
(411–17,407)

1443
(1,087–5,240)

922
(491–4,266)

344
(241–728)

1610
(951–4,699)

Values are expressed as median (range).
USD, United States dollar; SU, sulfonylurea; MET, metformin; DPP4i, dipeptidyl peptidase-4 inhibitor; TZD, thiazolidinedione; SGLT2i, sodium-glu-
cose cotransporter-2 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist.
Data of a2015–2018 and b2016–2018 only available.

Fig. 2. (A) Annual and (B) cumulative incidence of cardiovascular events according to diabetes drug cost. 
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with age (≥40 for CV events and ≥50 for CV death), and de-
creased in those with a higher income (≥13 deciles for CV 
events and death). In terms of diabetes drug cost, the risk of CV 
events was the lowest in Q1 and increased in the sequential or-
der of cost quartiles: HR, (1 ref), 1.103 (95% confidence inter-
val [CI], 1.086 to 1.121; P<0.001), 1.140 (95% CI, 1.121 to 
1.159; P<0.001), and 1.328 (95% CI, 1.305 to 1.351; P<0.001) 
(Fig. 4A). In contrast, the risk of CV death was significantly 
lower in Q3 (HR, 0.953; 95% CI, 0.913 to 0.995; P=0.028) and 
higher in Q4 (HR, 1.266; 95% CI, 1.213 to 1.321; P<0.001) 
than that in Q1 (Fig. 4B). Among the diabetic drugs, the use of 
insulin, SU, MET, and other combinations of SU (SU+TZD and 
SU+MET) increased the risk of CV events and death. The use 
of DPP4i, MET+DPP4i (only for CV events), MET+TZD, other 
combinations of MET (MET+SGLT2i and MET+meglitinide), 
and GLP-1RA (only for CV death) decreased the risks of CV 

events and death. The presence of hypertension and smoking 
increases the risk of CV events and death. Dyslipidemia, obesi-
ty, and drinking status were related to a decreased risk of CV 
events and death.

Subgroup analysis was conducted to explore the risk of CV 
events and death according to diabetes drug costs and the vari-
ables of age, sex, obesity, dyslipidemia, hypertension, and insu-
lin treatment. The risk of CV events significantly increased in 
sequential order of cost quartiles in all subgroups (Supplemental 
Fig. S1). Regarding the CV death, Q3 significantly lowered the 
risk among the following subgroups: ages of 18–29 and 40–59 
years, men, with obesity or dyslipidemia, and without hyperten-
sion or insulin treatment. Conversely, the risk of CV death sig-
nificantly increased according to cost quartiles in the subgroup 
with insulin treatment (Supplemental Fig. S2).

Annual incidence of cardiovascular death

Cumulative incidence of cardiovascular death

Diabetes cost

Diabetes cost

Q1 (lowest)

Q1 (lowest)

Q2

Q2

Q3

Q3

Q4 (highest)

Q4 (highest)

Fig. 3. The (A) annual and (B) cumulative incidence of cardiovascular death according to diabetes drug cost. 
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DISCUSSION

This study analyzed the cost of diabetes drugs and their effect 

on CV events and deaths in Korea using the National Health In-
surance data. From 2009 to 2018, the incidence rates of CV 
events and deaths were 28.1% and 8.4%, respectively. The an-

Table 3. Risk Factors for Incident Cardiovascular Events and Death

Variable
CV events CV death

Adjusted HR (95% CI) P value Adjusted HR (95% CI) P value

Sex (ref, men)

   Women 0.869 (0.858–0.880) <0.001 0.619 (0.599–0.639) <0.001

Age, yr (ref, 18–29)

   30–39 1.216 (0.955–1.549) 0.113 0.817 (0.351–1.902) 0.640

   40–49 2.308 (1.827–2.915) <0.001 1.911 (0.855–4.271) 0.114

   50–59 3.817 (3.024–4.818) <0.001 3.268 (1.467–7.283) 0.004

   60–69 6.749 (5.347–8.520) <0.001 7.927 (3.559–17.655) <0.001

   70–79 11.287 (8.940–14.251) <0.001 21.964 (9.860–48.924) <0.001

   ≥80 14.972 (11.840–18.932) <0.001 48.998 (21.972–109.266) <0.001

Income deciles (ref, 1–4)

   5–8 0.978 (0.958–0.998) 0.032 0.974 (0.923–1.027) 0.323

   9–12 0.987 (0.968–1.006) 0.191 0.964 (0.918–1.013) 0.150

   13–16 0.976 (0.959–0.994) 0.009 0.903 (0.862–0.946) <0.001

   17–20 0.932 (0.916–0.948) <0.001 0.817 (0.782–0.853) <0.001

Diabetes drug cost (ref, Q1, lowest)

   Q2 1.103 (1.086–1.121) <0.001 0.981 (0.942–1.021) 0.340

   Q3 1.140 (1.121–1.159) <0.001 0.953 (0.913–0.995) 0.028

   Q4 (highest) 1.328 (1.305–1.351) <0.001 1.266 (1.213–1.321) <0.001

Diabetic drug 

   Insulin 1.395 (1.372–1.418) <0.001 1.773 (1.707–1.841) <0.001

   SU 1.137 (1.121–1.152) <0.001 1.285 (1.239–1.334) <0.001

   MET 1.038 (1.025–1.051) <0.001 1.041 (1.009–1.075) 0.013

   DPP4i 0.909 (0.889–0.929) <0.001 0.933 (0.878–0.991) 0.025

   TZD 0.984 (0.966–1.003) 0.104 1.050 (0.999–1.103) 0.053

   SU+TZD and SU+MET 1.050 (1.033–1.067) <0.001 1.121 (1.077–1.168) <0.001

   MET+DPP4i 0.941 (0.898–0.986) 0.011 0.889 (0.781–1.012) 0.076

   MET+TZD 0.834 (0.783–0.887) <0.001 0.721 (0.598–0.87) <0.001

   MET+SGLT2i and MET+meglitinide 0.815 (0.775–0.857) <0.001 0.155 (0.109–0.220) <0.001

   GLP-1RA 0.975 (0.922–1.032) 0.384 0.250 (0.182–0.344) <0.001

Hypertension 1.282 (1.266–1.298) <0.001 1.443 (1.395–1.493) <0.001

Dyslipidemia 0.968 (0.957–0.979) <0.001 0.868 (0.842–0.893) <0.001

Obesity 0.978 (0.967–0.989) <0.001 0.835 (0.810–0.860) <0.001

Smoking 1.211 (1.191–1.231) <0.001 1.398 (1.343–1.456) <0.001

Drinking 0.929 (0.914–0.945) <0.001 0.849 (0.813–0.885) <0.001

Cox regression analysis was performed. Sex; age; income; diabetes drug cost; types of diabetes drugs; presence of hypertension, dyslipidemia, and obe-
sity; and smoking and drinking status were adjusted as covariates.
CV, cardiovascular; HR, hazard ratio; CI, confidence interval; SU, sulfonylurea; MET, metformin; DPP4i, dipeptidyl peptidase-4 inhibitor; TZD, thia-
zolidinedione; SGLT2i, sodium-glucose cotransporter-2 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist. 
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nual and cumulative incidence of CV events and deaths showed 
an increasing pattern with cost quartiles. After adjusting for CV 
risk factors, the risk of CV events increased in sequential order 
of cost quartiles, whereas CV deaths showed a U-shaped pat-
tern, with Q3 being the lowest. In addition, age, type of diabetes 
drug used, presence of hypertension, and smoking status were 
associated with the risks of CV.

The incidence of CV events and deaths has decreased over 
the past two decades [11-13]. However, the healthcare expendi-
ture for CV disease is higher (12% to 16.5%) than that for other 
diseases (0.2% to 0.4%) [14]. Therefore, the primary prevention 
of CV disease is important for reducing the diabetes-related fi-
nancial burden [15,16]. Furthermore, globally, the indirect dia-
betes cost (caused by production losses due to premature mor-
tality and morbidity) accounts for 34.7% of the total expendi-
ture, suggesting that increasing the amount spent on paying the 
direct diabetes cost (diabetes prevention and treatment) might 
reduce the total economic burden of diabetes [4]. The direct 
medical costs for diabetes treatment are determined early and 
many health benefits accrue late [8]. In the long run, patients 
with diabetes without complications can save nine times the di-
rect medical costs compared with those with diabetes-related 
complications [17]. Integrated management of hemoglobin A1c 
(HbA1c), microalbuminuria, cholesterol, and blood pressure 
levels can reduce diabetes costs by 17% [18]. In addition, a 
multidisciplinary risk assessment and management of diabetes 
reduced the cumulative incidence of complications and all-

cause mortality which resulted in net savings of USD 7,294 per 
participant [19]. Taken together, long-term benefits can be 
achieved by appropriate treatment of diabetes and ensuring ade-
quate medical expenditure.

In Q1, the annual incidence of CV events was the highest in 
the first year but the lowest in the second year and thereafter. 
After adjustments, the risk of CV events was the lowest. It is 
presumed that over time, the proportion of individuals who took 
only a few diabetic drugs with good glucose control increased 
in this group. In contrast, Q4 showed the highest 10-year inci-
dence of CV events and death. The high expenditure on insulin 
likely suggested that there were many patients with advanced 
stages of diabetes in this group. Insulin therapy is dose-depend-
ently associated with adverse CV outcomes [20]. In addition, 
patients who strictly controlled blood glucose despite the higher 
costs might have been included. Indeed, both strict (HbA1c 
<6.5%) and poor glycemic control is associated with increased 
CV and all-cause mortality, resulting in a U-shaped pattern 
[21,22]. After adjustment, the risk of CV events increased in the 
sequential order of cost quartiles, while the risk of CV death 
was the lowest in Q3. This U-shaped pattern for CV death was 
prominent in the subgroups of men, age 40 to 59 years, and 
those with obesity or dyslipidemia and without hypertension or 
insulin treatment, which may benefit from adequate expenditure 
in these patients. 

In this study, the incidence of CV events and death decreased 
with higher income, which suggests that drug cost burden is an 

Fig. 4. Diabetes drug cost and the risk for cardiovascular (A) events and (B) death. Cox regression analysis was performed. Sex; age; in-
come; diabetes drug cost; type of diabetes drugs; presence of hypertension, dyslipidemia, and obesity; and smoking and drinking status were 
adjusted as covariates. CV, cardiovascular; HR, hazard ratio. aP<0.05; bP<0.001 between groups.
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important risk factor that can change the outcome among indi-
viduals of similar risk. Various cost patterns exist depending on 
the combination of antidiabetic drugs, and treatment strategies 
often change because of the patient’s economic burden [23]. 
Furthermore, essential medications might not be affordable for 
individuals living in low-income countries [24-26]. Indeed, 
26.9% and 63.0% of households in low-income countries (vs. 
0.7% and 2.8% of households in high-income countries) could 
not afford MET and insulin, respectively [25]. In Korea, low 
household income was associated with lesser initiation of 
SGLT2i [27]. In 2018, the most expensive diabetes drug is 
GLP-1RA (71 USD per person), whereas traditional therapies 
are inexpensive (insulin, 14 USD per person; SU, 6 USD per 
person; and MET, 3 USD per person; data not shown). Appro-
priate prescriptions based on the patients’ clinical characteris-
tics, drug efficacy, and side effects can prevent the occurrence 
of diabetes complications and improve the patient’s quality of 
life [28,29]. Therefore, financial support for patients with diabe-
tes is essential for low-income patients [8].

Our study showed a significant reduction in CV death of 75% 
to 85% when using the MET combination (SGLT2i) and GLP-
1RA, and DPP4i±MET also seemed to have protective effects. 
However, drug-specific effects on CV events and death in this 
study should be interpreted with caution. A comparative study 
evaluated the effect of adding insulin (glargine), SU (glimepiri-
de), GLP1-RA (liraglutide), or DPP4i (sitagliptin) to preexisting 
MET showed that adding liraglutide was associated with a low-
er incidence of CV events than the other three agents [30]. 
However, our study was not a randomized control trial and only 
included short-term data of SGLT2i (2015–2018) and GLP-
1RA (2016–2018, mainly dulaglutide). In addition, a unique 
trend emerged in Korea, indicating DPP4i+MET and DPP4i 
was frequently prescribed since 2009 [31], and the expenditure 
for MET+DPP4i was highest until 2015, before the advent of 
GLP-1RA (data not shown). Therefore, a clinician’s preference 
of specific drugs may have affected the CV outcomes in this 
study.

Contrary to our expectations, the presence of obesity and dys-
lipidemia lowered the risk of CV events and death. The evi-
dence of an obesity paradox and lipid paradox for CV disease in 
large population studies is increasing. Losing weight without 
managing other CV risk factors cannot be considered metaboli-
cally healthy [32,33], and low cholesterol levels might reflect a 
catabolic state [34]. In addition, diabetic patients with obesity or 
dyslipidemia might have received aggressive care, and treat-
ment with statins might have affected the results. Therefore, this 

result should not be emphasized, and an epidemiological artifact 
should be considered [35].

The main strength of this study is that it documented the im-
pact of diabetes drug costs on the risk of CV events and death, a 
less explored area of research. In addition, this study was based 
on a high-quality data source, the National Health Insurance 
data, which are the most representative health data in Korea. 
Using big data, our results showed the overall diabetes drug 
cost, prescription pattern, and incidence of CV events. Despite 
these strengths, this study has some limitations. First, as Kore-
ans usually undergo health checkup every 2 years, there would 
have been fewer patients excluded at the patient selection stage 
if 2 years of physical examination data were used. Second, the 
data did not contain laboratory levels; hence, we could not eval-
uate the severity of diabetes and comorbidities. Third, the treat-
ment (e.g., statins and aspirin) and improvement of comorbidi-
ties within the 10-year period were not reflected. Last, Korea’s 
unique health insurance system and diabetes drug prescription 
trends [36], which are insufficient to reflect global trends, 
should be considered. The impact of changes in prescription 
trends on CV events and death should be further analyzed.

In conclusion, the cost of diabetes was an independent risk 
factor for 10-year CV events and death. In the case of a similar 
risk of CV, the ability to afford an appropriate diabetes drug cost 
and a combination of drugs with CV protection are independent 
protective factors for CV death.
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