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Background: Patients with diabetes have a higher risk of requiring repeated percutaneous coronary intervention (PCI) than non-dia-
betic patients. We aimed to evaluate and compare the effects of anti-diabetic drugs on the secondary prevention of myocardial infarc-
tion among type 2 diabetes mellitus patients.
Methods: We analyzed the general health check-up dataset and claims data of the Korean National Health Insurance Service of 
199,714 participants (age ≥30 years) who underwent PCIs between 2010 and 2013. Those who underwent additional PCI within 1 
year of their first PCI (n=3,325) and those who died within 1 year (n=1,312) were excluded. Patients were classified according to 
their prescription records for glucose-lowering agents. The primary endpoint was the incidence rate of coronary revascularization.
Results: A total of 35,348 patients were included in the study. Metformin significantly decreased the risk of requiring repeat PCI in 
all patients (adjusted hazard ratio [aHR], 0.77). In obese patients with body mass index (BMI) ≥25 kg/m2, patients treated with thia-
zolidinedione (TZD) exhibited a decreased risk of requiring repeat revascularization than those who were not treated with TZD 
(aHR, 0.77; 95% confidence interval, 0.63 to 0.95). Patients treated with metformin showed a decreased risk of requiring revascular-
ization regardless of their BMI. Insulin, meglitinide, and alpha-glucosidase inhibitor were associated with increased risk of repeated 
PCI.
Conclusion: The risk of requiring repeat revascularization was lower in diabetic patients treated with metformin and in obese pa-
tients treated with TZD. These results suggest that physicians should choose appropriate glucose-lowering agents for the secondary 
prevention of coronary artery disease.
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INTRODUCTION 

Cardiovascular (CV) morbidity in patients with type 2 diabetes 
mellitus (T2DM) is a major concern in clinical practice. Patients 
with T2DM are at an increased risk of coronary artery disease 
(CAD) and CV mortality compared to patients without diabetes 
[1,2]. Percutaneous coronary intervention (PCI) is an essential 
treatment modality for CAD. Although drug-eluting stents 
(DESs) have been widely used to inhibit vascular proliferation, 
the rates of restenosis and mortality in T2DM patients who have 
undergone PCI are still higher than those in non-diabetics [3]. 
Several meta-analyses have reported a significant increase in the 
risk of myocardial infarction (MI) or sudden death among pa-
tients taking rosiglitazone. The Food and Drug Administration 
(FDA) has provided guidance for the pharmaceutical industry, 
which requires the assessment of CV outcomes of all new anti-
diabetic drugs [4]. A number of cardiovascular outcome trials 
(CVOTs) have been conducted since the issuance of the FDA 
guidance. In most CVOTs, a new antidiabetic drug is added to 
the standard of care treatments in patients with high CV risk, and 
CV outcomes were compared with the standard of care treatment 
alone. The majority of CVOTs used major adverse cardiovascu-
lar events (MACEs), including nonfatal MI, nonfatal stroke, and 
CV death as the primary endpoint to demonstrate CV safety. 

To date, findings from these trials suggest beneficial class ef-
fects of sodium-glucose cotransporter-2 (SGLT-2) inhibitors and 
glucagon-like peptide-1 receptor agonists (GLP-1RAs) in re-
ducing primary CV events and secondary prevention [5]. Al-
though newer glucose-lowering agents such as SGLT-2 inhibi-
tors and GLP-1RAs have demonstrated cardioprotective proper-
ties, clinicians in the real world are reluctant to prescribe these 
drugs. A significant number of patients want “old” drugs instead 
of new antidiabetic drugs because of economic burdens or be-
cause GLP-1RAs require subcutaneous injection. Many older 
antidiabetic drugs do not have published CVOTs; however, 
some have published CV outcomes. Clinical trials with dipepti-
dyl peptidase-4 inhibitors (DPP-4is) have suggested a neutral 
effect on major CV events in patients with T2DM and estab-
lished cardiovascular disease (CVD), and reported a higher risk 
of requiring hospitalization for heart failure in the saxagliptin 
treatment group [6,7]. Regarding thiazolidinedione (TZD), the 
PROactive study suggested a favorable effect of TZD on the 
secondary prevention of MACE [8]. However, a meta-analysis 
highlighted substantial uncertainty regarding the CV safety of 
TZDs [9]. 

As mentioned above, the cardioprotective effects of different 

glucose-lowering agents remain controversial. Moreover, real-
world data suggesting the effects of each glucose-lowering 
agent on the prevention of repeat revascularization, especially 
among patients who underwent PCI, are scarce. Therefore, we 
evaluated the rate of coronary revascularization as the primary 
outcome. Using claims data and health examination data from 
the National Health Insurance Service (NHIS) in Korea, we 
evaluated and compared the effects of different glucose-lower-
ing agents on secondary prevention of revascularization among 
patients with T2DM and documented CAD.

METHODS

Source of data
This study analyzed data from the Korean NHIS and claims da-
tabases. The NHIS is a mandatory health insurance program 
that covers 97.1% of the Korean population. In Korea, the NHIS 
is a single-payer program managed by the government. The 
NHIS includes an eligibility database (comprising data on age, 
sex, socioeconomic variables, type of eligibility, and household 
income level), a medical treatment claims database (based on 
medical bills that were claimed by medical service providers for 
their medical expenses), a health examination database (results 
of general health examinations and questionnaires on lifestyle 
and behavior), a medical care institution database (types of 
medical care institutions, location, equipment, and number of 
physicians), and death register. We used the general health ex-
amination data and NHIS claims data, including data pertaining 
to diagnoses, procedures, prescription records, and mortality. 
This study was approved by the Institutional Review Board of 
Kangbuk Samsung Hospital of Korea (KBSMC 2018-07-024). 
Due to a retrospective nature of our study and anonymous infor-
mation we used, informed consent was waived by the board.  
All personal information was deleted, and only non-identifiable 
data were used for the analyses.

Study population and design
This study investigated adults with a documented history of 
PCI, aged ≥30 years, and who underwent a general health 
check-up program at least twice. We selected 199,714 partici-
pants who underwent PCI between 2010 and 2013. We only in-
cluded participants who had undergone a health check-up within 
1 year from the date of their PCI. We excluded patients who had 
repeat revascularization (n=3,325) or died (n=1,104) within 1 
year after prior PCI. We excluded 3,325 participants to ensure 
that their repeat PCI is not a part of a staged PCI. A diagnosis of 
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T2DM was defined according to the following criteria: (1) the 
presence of International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM) codes E11, E12, E13, 
or E14 and claims for at least one oral antidiabetic agent or in-
sulin at baseline [10], or (2) fasting glucose level ≥126 mg/dL 
(obtained from the health examination database). Subjects with 
missing data were excluded from the study. Finally, 35,348 par-
ticipants were included in the analysis. The incidence of repeat 
PCI in the claims database was analyzed from January 1, 2010, 
to December 31, 2017, or until the date of death, whichever 
came first (Supplemental Fig. S1). 

Anthropometric and laboratory measurement
Data on medical history and health-related behaviors were col-
lected through a self-reported questionnaire, whereas physical 
measurements and serum biochemical parameters were ob-
tained by trained staff. Body weight was measured in light 
clothing with no shoes to the nearest 0.1 kg using a digital scale. 
Height was measured to the nearest 0.1 cm. Systolic and dia-
stolic blood pressures were measured using a standardized 
sphygmomanometer. Body mass index was defined as the pa-
tients’ weight (kg) divided by the square of the height (m). Fast-
ing blood glucose, aspartate aminotransferase, alanine amino-
transferase, and total cholesterol levels were measured after 12 
hours of fasting.

Definition of comorbid disease
Hypertension was defined according to the presence of at least 
one claim per year for the prescription of antihypertensive 
agents, under ICD-10-CM codes I10–I15, or a systolic/diastolic 
BP ≥140/90 mm Hg. The presence of dyslipidemia was defined 
according to the presence of at least one claim per year for the 
prescription of antihyperlipidemic agents under ICD-10 codes 
E78 or total cholesterol ≥240 mg/dL. 

Classification of glucose-lowering agents 
The glucose-lowering agents in this study were grouped into 
seven classes: insulin, sulfonylurea (SU), metformin, megli-
tinide, TZD, DPP-4 inhibitors (DPP-4i), and alpha-glucosidase 
inhibitors (AGI). We obtained information on prescriptions (i.e., 
the class of the drug, date prescribed, days of supply, and quan-
tity dispensed). Participants who took more than two different 
classes of antidiabetic drugs were considered to be undergoing 
combination therapy [11]. We classified therapies as monother-
apy, dual therapy, and triple therapy. 

Primary outcome
The primary outcome was repeat revascularization with PCI 
during the follow-up period. PCI was defined using the follow-
ing codes: NHIS M6551-6552, 6561-6564, and 6571-6572. 

Statistical analysis
Continuous variables are presented as mean±standard devia-
tion, and categorical variables are expressed as percentages. The 
clinical characteristics of the participants were compared using 
one-way analysis of variance for continuous variables and the 
chi-square test for categorical variables. The incidence rate of 
repeat PCI is presented per 1,000 person-years. Cox proportion-
al hazards regression analysis was used to calculate the hazard 
ratio (HR) and 95% confidence intervals (CIs) for repeat PCI 
according to the individual glucose-lowering agents. Adjusted 
HRs were calculated by adjusting the following variables: age, 
sex, household income, hypertension, dyslipidemia, smoking, 
alcohol consumption, exercise frequency, body mass index 
(BMI), use of insulin, and the number of oral antidiabetic 
agents. For subgroup analysis, we stratified the participants ac-
cording to their BMI.

All reported P values were two-tailed, and P values <0.05 
were considered statistically significant. All statistical analyses 
were performed using SAS version 9.3 (SAS Institute Inc., 
Cary, NC, USA) and R version 3.2.3 (The R Foundation for Sta-
tistical Computing, Vienna, Austria, http://www.Rproject.org).

 
RESULTS

Baseline characteristics of participants
The mean age of the participants was 64.6±9.52 years and 
23,991 (67.9%) of the participants were men. The incidence of 
repeat PCI during a mean follow-up period of 4.27±1.73 years 
was analyzed. Table 1 presents the participants’ baseline charac-
teristics. The proportion of men was higher in patients who un-
derwent repeat revascularization with PCI than in those who did 
not. Compared with subjects who did not undergo repeat PCI, 
those who underwent repeat PCI had a higher rate of insulin treat-
ment (P<0.001) (Table 1). Participants who underwent repeat 
PCI had a higher BMI and were more obese. Additionally, those 
who did not undergo repeat PCI had lower fasting blood glucose 
and triglyceride levels than those who underwent repeat PCI.

Risk of requiring repeat PCI according to individual 
glucose lowering agents 
We compared the effects of anti-diabetic drugs on reducing the 

http://www.Rproject.org
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Table 1. Baseline Characteristics of Study Participants 

Characteristic Total
Repeat PCI 

No Yes P value

Number 35,348 30,903 4,445

Age, yr 64.6±9.52 64.7±9.56 64.0±9.22 <0.0001

Male sex 23,991 (67.9) 20,900 (67.6) 3,091 (69.5) 0.0109

Household income, low 20% 7,580 (21.4) 6,570 (21.3) 1,010 (22.7) 0.0264

Smoking status 0.2052

   Never smoker 18,113 (51.2) 15,853 (51.3) 2,260 (50.8)

   Former smoker 9,580 (27.1) 8,329 (27.0) 1,251 (28.1)

   Current smoker 7,655 (21.7) 6,721 (21.8) 934 (21.0)

Alcohol drinking 0.2101

   None 25,171 (71.2) 21,961 (71.1) 3,210 (72.2)

   Mild (<30 g/day) 8,380 (23.7) 7,373 (23.9) 1,007 (22.7)

   Heavy (≥30 g/day) 1,797 (5.1) 1,569 (5.1) 228 (5.1)

Regular exercise 7,578 (21.4) 6,665 (21.6) 913 (20.5) 0.1186

Use of insulin 14,444 (40.9) 12,439 (40.3) 2,005 (45.1) <0.0001

Sulfonylurea 21,006 (59.4) 18,261 (59.1) 2,745 (61.8) 0.0007

Metformin 26,891 (76.1) 23,577 (76.3) 3,314 (74.6) 0.0111

Meglitinide 1,626 (4.6) 1,356 (4.4) 270 (6.1) <0.0001

TZD 1,796 (5.1) 1,583 (5.1) 213 (4.8) 0.3480

DPP4 inhibitor 12,499 (35.4) 10,978 (35.5) 1,521 (34.2) 0.0886

Alpha-glucosidase inhibitor 5,497 (15.6) 4,642 (15.0) 855 (19.2) <0.0001

No. of antidiabetic agents 0.0633

   0 4,723 (13.4) 4,161 (13.5) 562 (12.6)

   1 6,738 (19.1) 5,922 (19.2) 816 (18.4)

   2 11,919 (33.7) 10,429 (33.8) 1,490 (33.5)

   ≥3 11,968 (33.9) 10,391 (33.6) 1,577 (35.5)

Hypertension 31,579 (89.3) 27,552 (89.2) 4,027 (90.6) 0.0036

Dyslipidemia 31,932 (90.3) 27,953 (90.5) 3,979 (89.5) 0.0479

Chronic kidney disease 7,771 (22.0) 6,658 (21.5) 1,113 (25.0) <0.0001

BMI, kg/m2 25.0±3.06 25.0±3.05 25.1±3.07 0.0374

SBP, mm Hg 129.5±16.59 129.4±16.56 130.0±16.83 0.0177

DBP, mm Hg 77.4±10.43 77.4±10.42 77.2±10.53 0.2120

Total cholesterol, mg/dL 175.4±47.2 175.2±47.15 176.8±47.49 0.0405

Fasting blood glucose, mg/dL 138.7±45.86 138.3±45.42 141.3±48.74 <0.0001

Waist circumference, cm 86.7±8.06 86.6±8.05 87.0±8.07 0.0009

Weight, kg 65.7±10.87 65.7±10.89 66.2±10.7 0.0057

LDL-C, mg/dL 97.6±43.79 97.4±43.81 98.6±43.64 0.0827

TG, mg/dL 138.8 (138.1–139.6) 138.5 (137.7–139.3) 141.2 (139.0–143.4) 0.0210

Values are expressed as mean±standard deviation, number (%), or median (interquartile range).
PCI, percutaneous coronary intervention; TZD, thiazolidinedione; DPP4, dipeptidyl peptidase-4; BMI, body mass index; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; TG, triglyceride. 
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risk of requiring repeat PCI among patients with T2DM. Met-
formin and DPP-4i significantly decreased the risk of requiring 
repeat PCI in the total study population. After adjusting for con-
founding variables such as insulin use and number of oral anti-
diabetic drugs, the hazard ratios (HRs) were attenuated but 
showed consistently reduced risks for repeat PCI among pa-
tients treated with metformin or DPP-4i (adjusted hazard ratio 
[aHR], 0.74 and 0.93, respectively; P<0.001) (Table 2, model 
3). In the final model adjusted for fasting blood glucose and du-
ration of diabetes, we found no statistical significance except for 
patients treated with metformin (aHR, 0.77; 95% CI, 0.70 to 
0.85). Insulin, SU, meglitinide, and AGI failed to demonstrate 
any favorable effects on the secondary prevention of repeat PCI 
compared with patients not using those glucose lowering agents. 

Patients treated with these agents were associated with in-
creased risk of repeated PCI.

Subgroup analyses stratified by BMI
To analyze the preventive effects of different glucose-lowering 
agents on repeat revascularization with PCI, subgroup analyses 
were conducted by stratifying participants according to BMI 
(Table 3). The overall effects of different glucose-lowering 
agents on the risk of requiring repeat PCI were similar in the 
non-obese group. Patients in the obese group (BMI ≥25 kg/m2) 
treated with TZD showed a decreased risk of requiring repeat 
PCI compared to those who were not treated with TZD (aHR, 
0.77; 95% CI, 0.63 to 0.95) (Supplemental Fig. S2). However, 
this favorable effect of TZD was not observed in the non-obese 

Table 2. Risk of Repeat Revascularization with PCI According to Study Participants’ Prescribed Glucose Lowering Agent during Fol-
low-up

Number Repeat 
PCI Duration IR, /1,000 

PY
HR (95% CI)

Model 1a Model 2b Model 3c Model 4d Model 5e

Insulin

   No 20,904 2,440 91,387.63 26.7 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 14,444 2,005 59,743.13 33.6 1.25 (1.18–1.33) 1.24 (1.16–1.31) 1.23 (1.15–1.30) 1.21 (1.14–1.29) 1.15 (1.08–1.22)
Sulfonylurea
   No 14,342 1,700 60,835.35 27.9 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 21,006 2,745 90,295.41 30.4 1.11 (1.04–1.17) 1.10 (1.04–1.17) 1.07 (0.99–1.17) 1.07 (0.98–1.16) 1.04 (0.96–1.13)
Metformin
   No 8,457 1,131 35,535.41 31.8 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 26,891 3,314 115,595.36 28.7 0.90 (0.84–0.96) 0.90 (0.85–0.97) 0.74 (0.68–0.82) 0.75 (0.68–0.82) 0.77 (0.70–0.85)
Meglitinides
   No 33,722 4,175 144,400.00 28.9 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 1,626 270 6,730.76 40.1 1.40 (1.24–1.59) 1.38 (1.22–1.56) 1.28 (1.13–1.45) 1.28 (1.13–1.45) 1.27 (1.12–1.44)
TZD
   No 33,552 4,232 143,495.12 29.5 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 1,796 213 7,635.64 27.9 0.94 (0.82–1.08) 0.95 (0.83–1.09) 0.92 (0.80–1.06) 0.92 (0.80–1.06) 0.90 (0.78–1.04)
DPP4i 
   No 22,849 2,924 100,675.21 29.0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
   Yes 12,499 1,521 50,455.56 30.1 0.98 (0.92–1.05) 0.98 (0.92–1.05) 0.93 (0.86–0.99) 0.93 (0.86–1.00) 0.93 (0.87–1.01)
AGI
   No 29,851 3,590 126,461.18 28.4 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

   Yes 5,497 855 24,669.59 34.7 1.28 (1.19–1.38) 1.28 (1.19–1.38) 1.25 (1.15–1.36) 1.25 (1.15–1.36) 1.24 (1.14–1.34)

The incidence rate is presented per 1,000 person-years (PY). 
PCI, percutaneous coronary intervention; IR, incidence rate; HR, hazard ratio; CI, confidence interval; TZD, thiazolidinedione; DPP4i, dipeptidyl pepti-
dase-4 inhibitor; AGI, alpha-glucosidase inhibitor.
aAdjusted for age and sex; bAdjusted model 1+adjusted for household income, hypertension, dyslipidemia, current smoking, alcohol, regular exercise, 
and body mass index; cAdjusted model 2+adjusted for use of insulin, number of oral antidiabetic drugs; dAdjusted model 3+adjusted for fasting blood 
glucose; eAdjusted model 4+adjusted for duration of diabetes. 
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Table 3. Subgroup Analysis According to Study Participants’ Obesity Status 

Number Repeat 
PCI Duration IR, /1,000 

PY   Model 1 P for 
interaction Model 2 P for 

interaction

BMI <25 kg/m2

   Insulin
      No 10,603 1,240 45,748.36 27.1 1 (reference) 0.1571 1 (reference) 0.1710
      Yes 8,096 1,084 33,123.32 32.7 1.19 (1.10–1.29) 1.09 (1.00–1.19)
   Sulfonylurea
      No 7,401 847 30,927.41 27.4 1 (reference) 0.2569 1 (reference) 0.2875
      Yes 11,298 1,477 47,944.27 30.8 1.14 (1.05–1.24) 1.03 (0.92–1.16)
   Metformin
      No 4,397 568 18,102.88 31.4 1 (reference) 0.4407 1 (reference) 0.4181
      Yes 14,302 1,756 60,768.8 28.9 0.93 (0.84–1.02) 0.75 (0.66–0.86)
   Meglitinides
      No 17,725 2,164 74,917.41 28.9 1 (reference) 0.8760 1 (reference) 0.8469
      Yes 974 160 3,954.27 40.5 1.41 (1.20–1.65) 1.28 (1.09–1.51)
   TZD
      No 17,822 2,206 75,248.53 29.3 1 (reference) 0.0216 1 (reference) 0.0139
      Yes 877 118 3,623.15 32.6 1.11 (0.92–1.33) 1.05 (0.87–1.26)
   DPP4i
      No 11,945 1,500 51,987.36 28.9 1 (reference) 0.4574 1 (reference) 0.5158
      Yes 6,754 824 26,884.32 30.6 1.01 (0.93–1.10) 0.92 (0.83–1.02)
   AGI
      No 15,409 1,818 64,369.28 28.2 1 (reference) 0.7990 1 (reference) 0.7794
      Yes 3,290 506 14,502.40 34.9 1.29 (1.17–1.42) 1.23 (1.10–1.37)
BMI ≥25 kg/m2

   Insulin
      No 10,301 1,200 45,639.27 26.3 1 (reference) 0.1571 1 (reference) 0.1710
      Yes 6,348 921 26,619.82 34.6 1.30 (1.19–1.41) 1.21 (1.11–1.33)
   Sulfonylurea
      No 6,941 853 29,907.94 28.5 1 (reference) 0.2569 1 (reference) 0.2875
      Yes 9,708 1,268 42,351.14 29.9 1.06 (0.97–1.16) 1.04 (0.93–1.18)
   Metformin
      No 4,060 563 17,432.53 32.3 1 (reference) 0.4407 1 (reference) 0.4181
      Yes 12,589 1,558 54,826.55 28.4 0.88 (0.80–0.97) 0.79 (0.69–0.91)
   Meglitinides
      No 15,997 2,011 69,482.59 28.9 1 (reference) 0.8760 1 (reference) 0.8469
      Yes 652 110 2,776.49 39.6 1.38 (1.14–1.67) 1.24 (1.02–1.51)
   TZD
      No 15,730 2,026 68,246.6 29.7 1 (reference) 0.0216 1 (reference) 0.0139
      Yes 919 95 4,012.49 23.7 0.80 (0.65–0.98) 0.77 (0.63–0.95)
   DPP4i
      No 10,904 1,424 48,687.84 29.2 1 (reference) 0.4574 1 (reference) 0.5158
      Yes 5,745 697 23,571.24 29.6 0.96 (0.88–1.06) 0.95 (0.85–1.07)
   AGI
      No 14,442 1,772 62,091.90 28.5 1 (reference) 0.7990 1 (reference) 0.7794
      Yes 2,207 349 10,167.19 34.3 1.26 (1.12–1.41) 1.25 (1.10–1.41)

The incidence rate is presented per 1,000 person-years (PY). 
Values are expressed as hazard ratio (95% confidence interval). Model 1: Unadjusted; Model 2: Adjusted for household income, hypertension, dyslipidemia, cur-
rent smoking, alcohol, regular exercise, BMI, use of insulin, number of oral antidiabetic drugs, fasting blood glucose, and duration of diabetes.
PCI, percutaneous coronary intervention; IR, incidence rate; BMI, body mass index; TZD, thiazolidinedione; DPP4i, dipeptidyl peptidase-4 inhibitor; AGI, alpha-
glucosidase inhibitor. 
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group. Non-obese individuals who treated with multiple antidia-
betic drugs showed a tendency of higher risk of repeat revascu-
larization, without achieving statistical significance. In obese 
individuals, we did not observe significant association between 
the number of oral antidiabetic drugs and the risk of repeat re-
vascularization (Table 4).

Sensitivity analyses
To minimize the bias, we performed sensitivity analysis in new 
users after excluding individuals with previous records of any 
glucose lowering agents before the index date of PCI (Supple-
mental Table S1). In patients who are newly diagnosed with 
T2DM, we observed a tendency of lower risk of repeat revascu-
larization in patients treated with insulin, metformin, TZD and 
DPP-4 inhibitors without achieving statistical significance. 

Regarding the changes of medication in individuals, we se-
lected individuals who had not prescribed their previous oral 
antidiabetic medications at all after the index date of PCI and 
performed sensitivity analysis in those who have changed their 
oral glucose lowering agents after the index date of PCI (Sup-
plemental Table S2). In this analysis, subjects treated with met-
formin, TZD and DPP-4 inhibitors after their index date of PCI 
had reduced risk of repeat PCI after adjusting for confounding 
variables including fasting blood glucose and duration of diabe-
tes (aHR, 0.79, 0.73, and 0.87, respectively). 

DISCUSSION

Several studies have shown that poor glycemic control after PCI 
might lead to worse clinical outcomes, including cardiac death, 
MI, restenosis after PCI, and stroke [12,13]. Hwang et al. [14] 
reported that good glycemic control after PCI was associated 
with a reduced rate of major adverse cardiac events, including 
repeat revascularization. Therefore, patients with T2DM need a 
strategy for glycemic control after PCI, which will be beneficial 
for preventing repeat revascularization. However, the preven-
tive effect of glucose-lowering agents on restenosis after PCI in 
patients with T2DM using real-world data has not yet been re-
ported. 

In our study, we observed beneficial effects of metformin and 
DPP-4 inhibitors on reducing the risk of requiring revascular-
ization after 4.3 years of follow-up. However, after adding the 
duration of diabetes in the final model, we observed lower risk 
of repeat revascularization in patients treated with metformin. 
Our results suggest that the duration of diabetes is an important 
confounder contributing to the risk of repeat revascularization. 

Previous studies have suggested that metformin has a preven-
tive effect on CAD in patients with T2DM [15]. The use of met-
formin in patients with diabetes undergoing coronary interven-
tions seems to have beneficial effects on CV outcomes because 
it acts as an insulin sensitizer [16]. 

To date, there have been five CVOTs with DPP-4 inhibitors 

Table 4. Subgroup Analysis According to Study Participants’ Obesity Status and Number of Oral Antidiabetic Drugs

Number Repeat PCI Duration IR, /1,000 
PY   Model 1 P for 

interaction Model 2 P for 
interaction

BMI <25 kg/m2

   No. of oral antidiabetic drugs
      0 2,398 263 9,956.05 26.4 1 (reference) 0.0944 1 (reference) 0.0848
      1 3,461 397 14,770.92 26.9 1.03 (0.88–1.20) 1.02 (0.88–1.20)
      2 6,180 791 26,499.35 29.85 1.15 (1.00–1.32) 1.13 (0.98–1.30)
      ≥3 6,660 873 27,645.37 31.6 1.19 (1.04–1.37) 1.16 (1.01–1.33)
BMI ≥25 kg/m2

   No. of oral antidiabetic drugs
      0 2,325 299 9,973.99 30.0 1 (reference) 0.0944 1 (reference) 0.0848
      1 3,277 419 14,295.87 29.3 0.98 (0.85–1.14) 0.97 (0.83–1.12)
      2 5,739 699 25,450.78 27.5 0.93 (0.81–1.06) 0.90 (0.78–1.03)
      ≥3 5,308 704 22,538.44 31.2 1.03 (0.90–1.18) 0.98 (0.85–1.12)

The incidence rate is presented per 1,000 person-years (PY). 
Values are expressed as hazard ratio (95% confidence interval). Model 1: Unadjusted; Model 2: Adjusted for age, sex, household income, hypertension, 
dyslipidemia, current smoking, alcohol, regular exercise, BMI, use of insulin, and number of oral antidiabetic drugs.
PCI, percutaneous coronary intervention; IR, incidence rate; BMI, body mass index. 
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(The Saxagliptin Assessment of Vascular Outcomes Recorded 
in Patients with Diabetes Mellitus–Thrombolysis in Myocardial 
Infarction 53 [SAVOR-TIMI-53] trial, The Examination of Car-
diovascular Outcomes with Alogliptin Versus Standard of Care 
[EXAMINE], The Trial Evaluating Cardiovascular Outcomes 
With Sitagliptin [TECOS], The Cardiovascular Outcome Study 
of Linagliptin Versus Glimepiride in Patients With Type 2 Dia-
betes [CAROLINA], and The Cardiovascular and Renal Micro-
vascular Outcome Study With Linagliptin in Patients with Type 
2 Diabetes Mellitus [CARMELINA]). Most of these trials dem-
onstrated non-inferiority in terms of CV safety and its neutral 
effect on major CV events in patients with T2DM and estab-
lished CVD [17]. We observed favorable effects of DPP-4 in-
hibitors on secondary prevention especially among patients who 
had undergone PCI and changed their medication, which is dif-
ferent from the results of previous CVOTs. These different re-
sults may be due to ethnic differences in pharmacodynamic re-
sponses [18]. Our results are in line with those of previous stud-
ies conducted in an Asian population. A case-control study con-
ducted in Taiwan suggested the mortality benefits of DPP-4 in-
hibitors in patients with diabetes after the first acute myocardial 
infarction (AMI) [19]. Several hypotheses have been proposed 
to explain the benefits of DPP-4 inhibitors in patients with es-
tablished CAD. First, DPP-4 inhibitors may alleviate the sys-
temic proinflammatory state and reduce endothelial inflamma-
tion [20]. Furthermore, DPP-4 inhibitors may rescue mitochon-
drial dysfunction, which is associated with ischemia/reperfusion 
injury [21]. DPP-4 inhibitors may also inhibit the proliferation 
of vascular smooth muscle cells (VSMCs). In another study 
conducted in Japanese patients with multiple CV risk factors, 
DPP-4 inhibitors were shown to decrease blood pressure and 
improve albuminuria [22]. A systematic review and meta-analy-
sis on the efficacy of DPP-4 inhibitors has proposed a better 
glucose-lowering efficacy in Asians than in other ethnic groups 
[23,24]. Future studies are required to explain these mecha-
nisms, and ethnic-specific guidelines should be presented.

In subgroup analyses stratifying patients according to BMI, 
we observed a reduced risk of requiring repeat revascularization 
in obese patients treated with TZD. The secondary prevention 
effect of TZD on AMI was already confirmed in a PROactive 
study [8]. In high-risk patients with T2DM and previous MI, pi-
oglitazone significantly reduced the occurrence of fatal and 
nonfatal MI and acute coronary syndrome [25]. This effect of 
pioglitazone could be partially explained by the mechanism of 
action of TZD. TZDs are agonists for the peroxisome prolifera-
tor-activated receptor-γ (PPAR-γ), a nuclear receptor that is 

highly expressed in fat tissue [26]. As TZDs can regulate lipid 
pathways via adipocytes, their effects in obese patients may dif-
fer from those observed in non-obese patients. Moreover, re-
searchers have established the presence of PPAR-γ in human 
endothelial cells, vascular smooth muscle cells, monocytes, and 
human arterial lesions [27]. The activation of PPAR-γ in vascu-
lar cells inhibits proliferation and migration of VSMCs [28]. 
Some studies suggest that TZDs may reduce neointimal tissue 
proliferation after stent implantation in patients with diabetes 
[29,30]. These findings suggest that TZDs have potential anti-
atherogenic effects. Further studies are required to confirm these 
findings.

We observed increased risk of repeated PCI among patients 
treated with insulin, SU, meglitinide and AGI. Coleman et al. 
[31] suggested no overall impact of AGI on CV outcomes in a 
meta-analysis and concluded that AGIs would rather not be in-
dicated for CV secondary prevention. There are ongoing de-
bates regarding the use of insulin in patients at high risk of 
CAD. In the Bypass Angioplasty Revascularization Investiga-
tion in Type 2 Diabetes (BARI 2D) trials, the risk of repeat re-
vascularization did not differ by randomized treatment with in-
sulin sensitizers versus insulin providers. The 5-year cumulative 
rate of repeat revascularizations was 0.32 for insulin sensitizers 
versus 0.34 for insulin providers (P=0.08) [32]. However, in 
the Future Revascularization Evaluation in Patients With Diabe-
tes Mellitus: Optimal Management of Multivessel Disease 
(FREEDOM) trial reported that insulin-treated diabetic patients 
have worse CV outcomes (comprises all-cause mortality, stroke, 
MI) regardless of the treatment arm [33]. Several observational 
studies also have found insulin users have a higher risk of CV 
and all-cause mortality compared to oral glucose lowering 
agents [34-36]. Our findings are consistent with the results of 
these previous cohort studies. Individuals treated with insulin in 
observational studies may have had poorer glycemic control, 
are more likely to have end-stage renal disease or other micro/
macrovascular diabetes complications. Moreover, insulin and 
insulin secretagogues (SU, meglitinide) are known to have 
weight gain effects and risk of hypoglycemia, might be associ-
ated with increases in MACE [37,38]. In our study, patients 
treated with insulin, meglitinides and AGIs had relatively long 
duration of diabetes. Although we included duration of diabetes 
as an adjustment variable in Cox proportional hazards model, a 
longer diabetes duration may associated with older age, which 
might have residual confounding effects.

Our study has potential limitations that should be considered 
when interpreting the results. First, detailed information about 
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PCI, such as the type of DES, was not available in the NHIS da-
tabase. Second, we did not consider the effects of other medica-
tions (i.e., antihypertensive drugs, lipid lowering agents, and an-
ticoagulants), which might have potential effects on the devel-
opment of CV complications. We also could not adjust for 
changes in fasting blood glucose, blood pressure or lipid pro-
files in individuals during follow-up period, because we could 
not obtain time-varying confounders in our dataset. Further-
more, we could not obtain information regarding procedures, 
such as the number of target vessels for PCI. We did not know 
glycated hemoglobin levels or the exact duration of diabetes 
mellitus, which might have potential effects on the clinical out-
comes. The NHIS database has been established since January 
2002.Therefore, it is possible that individuals who had history 
of T2DM before 2002 could be underestimated their duration of 
diabetes. Since we used limited data from NHIS not including 
HbA1c or presence of other diabetes complications, we tried 
our best to minimize the effects of the confounders through ad-
justing for insulin use and number of oral agents. The use of 
multiple antidiabetic agents or insulin, has been found to be an 
indicator of worse glycemic control in retrospective studies us-
ing administrative data [39]. We were unable to consider com-
pliance during the follow-up period and the duration of use for 
each anti-diabetic agents. Regarding the changes of medication 
in individuals, sensitivity analysis consistently showed that in-
dividuals treated with metformin, TZD and DPP-4 inhibitors af-
ter their index date of PCI tend to have lower risk of repeat PCI. 
However, we could not obtain the detailed information about 
previously prescribed drugs and the exact combination of anti-
diabetic agents. Another limitation is the exclusion of SGLT-2 
inhibitors and GLP-1RA, which has been proven to be effective 
for secondary prevention in T2DM patients with established 
ischemic heart disease. The GLP-1RA was introduced in Korea 
in 2008, and an SGLT-2 inhibitor was introduced in Korea at the 
end of 2013. After its introduction, GLP-1RA was available 
only in November 2010 with strict conditions for health insur-
ance coverage [40]. These novel agents have proven safety and 
CV benefits beyond glucose control [41]; however, reimburse-
ment restriction is a hurdle for prescription [42]. Therefore, ow-
ing to the low prescription rate during the study period, we did 
not include SGLT-2 inhibitors and GLP-1RAs in the analysis. 
Lastly, generalization of our results may be limited because of 
the single ethnicity of participants in this study. 

Despite these limitations, our study had several strengths. 
First, this is a nationwide, population-based cohort study that 
investigated the effects of different glucose-lowering agents on 

the risk of requiring repeat PCI. Because of the difficulties en-
countered when conducting randomized controlled trials, no 
study has compared glucose-lowering agents and their preven-
tive effects on repeat PCI, especially in patients who underwent 
PCI. Additional studies involving other ethnic groups with de-
tailed information on coronary revascularization are required to 
clarify the preventive effects of drugs in these high-risk patients. 

Among diabetic patients who underwent PCI, treatment with 
metformin seems to have an association with a reduced risk of 
requiring a repeat revascularization. When the risk of requiring 
repeat revascularization was analyzed in two groups according 
to the BMI, obese individuals treated with TZD were associated 
with a reduced risk of requiring repeat revascularization. These 
results suggest that physicians should choose appropriate glu-
cose-lowering agents for the secondary prevention of CAD.
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