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Cardiac Pharmacology

Effects of Clopidogrel and Proton Pump Inhibitors
on Cardiovascular Events in Patients with Type 2
Diabetes Mellitus after Bare Metal Stent
Implantation: A Nationwide Cohort Study
Chun-Wei Lee,1,5 Fu-Fei Tsai,2 Min-I Su,3 Hung-I Yeh,1 Yi-Ting Chiang,4 Chi-Feng Hsieh4# and Chun-Yen Chen1#

Background: To investigate whether there is an increased risk of cardiovascular (CV) events in patients with
diabetes associated with adding proton pump inhibitors (PPIs) to clopidogrel (CLO) therapy after bare-metal stent
(BMS) deployment.
Methods: We used the National Health Insurance Research Database to conduct this retrospective cohort study.
We enrolled 6,757 patients with diabetes who underwent BMS deployment and received CLO with/without PPIs
for 90 days (6,243 in the CLO subgroup and 514 in the CLO plus PPI subgroup). The endpoints were acute coronary
syndrome and re-admission for revascularization (PCI or coronary artery bypass graft surgery) after 3, 6, and 12
months.
Results: The patients who received CLO with PPIs had no significant increase in adverse CV events compared to
those without PPIs within 1 year after BMS deployment [3-month hazard ratio (HR) = 0.87, 95% confidence interval
(CI), 0.65-1.15; 6 months, HR = 0.95, 95% CI, 0.78-1.15; 1 year, HR = 0.60, 95% CI, 0.81-1.12].
Conclusions: In patients with diabetes undergoing BMS deployment, there was no evidence of an increased risk of
CV events among concomitant users of CLO and PPIs. Our results indicate that the use of PPIs may not modify the
protective effect of CLO after BMS implantation.
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INTRODUCTION
Patients with diabetes have a higher incidence of
coronary artery disease compared to the general population, many of whom are treated with revascularization
procedures.1,2 The use of coronary stents has increased
because of the increased efficacy of stents compared to
balloon angioplasty.3 Stents are now used in 80 to 90%
of percutaneous coronary intervention (PCI) procedures.4,5
According to current guidelines, diabetes is a condition
in which the use of drug-eluting stents (DES) is preferable to the use of bare-metal stents (BMS). In patients receiving BMS, dual antiplatelet therapy (DAPT) is ideally
given for a minimum of 1 to 12 months. However, BMS
can be considered in those known to have difficulty with
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and we used data from the NHIRD in this study. This
dataset was provided by the National Health Research
Institutes. Identifiers of individuals and providers were
encrypted prior to release of the data in order to protect privacy and confidentiality. This study protocol was
approved by the Institutional Review Board (IRB) of Taipei Veterans General Hospital (No. 201006015IC), and
the study was conducted in compliance with the provisions of the Declaration of Helsinki. One of authors, CF
Hsieh, worked at National Yang Ming University and the
study protocol was sent to IRB of Taipei Veterans General Hospital. Now he transfers to I Shou univeristy.

DAPT compliance, those who might undergo surgery
that requires cessation of DAPT within 1 year, and those
known to be at higher risk of bleeding,6,7 as DAPT has
been shown to increase the risk of gastrointestinal (GI)
bleeding by 2 to 3 times compared with aspirin alone.
Proton pump inhibitors (PPIs) are particularly recommended as treatment for patients with a history of GI
bleeding and patients at high risk of bleeding complications, such as those receiving DAPT.8,9 PPIs are metabolized by cytochrome P450 enzymes (2C19) and may,
therefore, interact with clopidogrel (CLO) metabolism.8,10
Reports of the clinical effects of drug interactions among
patients who use CLO concomitantly with PPIs are conflicting.11-14 Several studies have reported no improvements in clinical cardiovascular (CV) outcomes in patients concomitantly treated with PPIs and CLO undergoing BMS or DES implantation.15,16 In addition, we previously found that the combination of PPIs and CLO was
associated with higher rates of acute coronary syndrome
(ACS) in patients with diabetes undergoing DES implantation.17
However, clinical data focusing on patients with diabetes undergoing BMS implantation and the concomitant use of CLO and PPIs are still lacking. In patients with
diabetes who are at high risk of bleeding and cannot tolerate extended DAPT, BMS implantation remains a common alternative treatment in clinical practice. We developed this study, based on our previous study17 in a different setting, to investigate whether there was an increased risk of CV events in patients with diabetes associated with adding PPIs to CLO after BMS deployment
using the National Health Insurance Research Database
(NHIRD) in Taiwan.

Study design and patient population
We conducted this retrospective cohort study from
2000 to 2006 using the NHIRD. We identified 8,772 patients who: (1) underwent BMS placement between
March 1, 2001, and December 31, 2005; (2) had a diagnosis of type 2 diabetes mellitus (ICD-9-CM codes 250.
x0 and 250.x2) before the first BMS deployment; and
(3) had received at least one prescription for a hypoglycemic agent in the 1-year period prior to the first
placement. Prior to December 2006, only BMS implantation was covered by the NHI program. Patients were
excluded if they: (1) did not have an ambulatory visit or
received CLO within 90 days after the entry date (n =
1,977), or (2) had revascularization, ACS, or were lost
to follow-up within 7 days after the entry date (n = 42).
We used the same dataset of patients in our previous
study.17 The indications for BMS deployment covered
by NHI case payment include: 1) a length of intima dissection > than 15 mm; 2) severity of dissection above
type B; 3) coronary lesion with thrombolysis in myocardial infarction (TIMI) flow £ 2; 4) residual stenosis >
40% after an approximation of 1:1 balloon-to-coronary
artery ratio in balloon angioplasty; 5) ostium lesion; or
6) chronic total occlusion (> 2 months) and acute myocardial infarction (MI) (within 12 hours). A total of
6,757 subjects were included in this analysis. We defined the entry date as the date of discharge after the
first BMS implantation, and each patient was followed
up for 1 year after the entry date. Patients receiving
CLO and PPIs within 90 days after the index date were
identified using computer-based prescription claims.
Patients were classified into CLO (n = 6,243) or CLO
plus PPI (n = 514) groups (Figure 1).

MATERIALS AND METHODS
Data source
The National Health Insurance (NHI) program in Taiwan provides comprehensive medical and pharmaceutical coverage among healthcare providers contracted
with this program. It covers 99.7% (23 million people) of
the population in Taiwan,17-19 and includes services such
as inpatient care, ambulatory care, dental care, and prescription drugs. The NHIRD is comprised of data on physician visits, hospital care, and prescribed medications,
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metformin, sulfonylurea, insulin, b-blockers, calcium
channel blockers, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, lipid-lowering
agents, aspirin, and ticlopidine),20 and the intensity of
the use of medical services during the index hospitalization, including the number of days spent in the hospital
and number of stents received.

Statistical analysis
The chi-square test was used to examine the association between the two study groups (CLO and CLO plus
PPI groups) and categorical variables. The T-test was
used to examine associations between drug types and
continuous variables. A Cox proportional hazards model
was used to estimate the association between exposure
to PPIs and risk of CV events. We also adjusted for potential confounders in the multivariate Cox models based on reported risk factors for CV events. Propensity
score regression adjustment was used to balance the
distribution of confounders between the two groups
(CLO group and CLO plus PPI group) by summarizing all
covariate information into a single probability and simulating randomization.21 We further conducted stratified
analysis according to the history of ACS. Associations
were presented as hazard ratios (HRs) with 95% confidence intervals (CIs). The curves for ACS, revascularization and a combination of ACS and revascularization between the CLO and CLO plus PPI groups were drawn using the Kaplan-Meier method and compared using the
log-rank test. Two-sided p-values < 0.05 were considered to be statistically significant. All statistical analyses
were performed using SAS version 9.3 and IBM SPSS
software version 19 (IBM Corp., Armonk, New York).

Figure 1. Flowchart of study design.

Outcomes and covariates
The outcomes of this study were the time to an
event and censoring indicator. The time to an event represented the number of days from the entry date to
the date of the earliest occurrence of one of the following events: (1) end of the observation period; (2) occurrence of target events, including revascularization [i.e.,
PCI or coronary artery bypass graft (CABG) surgery] and
ACS (ICD-9-CM codes 410.xx, 411.xx, and 414.9); and (3)
date at when they were lost to follow-up. Repeat revascularization was defined as PCI (ICD-9-CM codes 36.036.09) or CABG surgery (ICD-9-CM codes 36.1-36.19).
The observation period started at the cohort entry date
and continued until the first occurrence of any major
adverse CV event or up to 1 year of follow-up. Landmark
analyses were performed among the patients who were
event-free (ACS readmission or revascularization) at 3, 6,
and 12 months follow-up. Similar methods were used as
those described in the study by Malenka et al.20 Each
patient had nine sets of outcomes with three endpoints
(3, 6, and 12 months) and three target events. If the earliest event was the occurrence of a target event, this record was not censored.
We considered the following covariates: age, sex,
comorbidities within 1 year before entry date [congestive heart failure (CHF), MI, renal disease, peripheral
vascular disease, cerebrovascular disease, chronic pulmonary disease, liver disease, cancer, and history of PCI
or CABG], drug use after discharge (thiazolidinedione,
Acta Cardiol Sin 2019;35:402-411

RESULTS
In total, we identified 6,757 patients with diabetes
who underwent BMS implantation between March 1,
2001, and December 31, 2005. Of these patients, 7.61%
(n = 514) were prescribed with CLO plus PPIs and 92.39%
(n = 6,243) were prescribed with CLO alone. The mean
age was 65.50 ± 10.29 years. The percentage of men in
the study was 61.34%; 1,588 (23.50%) underwent a
stent procedure more than once; 2,465 (36.48%) had a
history of MI; and 6,614 (97.88%) had a history of hospi404

Bare Metal Stent, PPI and Clopidogrel

and cancer, and fewer patients received thiazolidinedione, metformin, sulfonylurea, b-blockers, lipid-lowering agents, and aspirin during the study period. In addition, more patients used insulin and ticlopidine during
the study period, more patients had a hospital stay of
less than 7 days, and more patients had a high Carlson
comorbidity index (Table 1).

talization for PCI. The mean duration of CLO use within
90 days after the entry date was 32.96 ± 16.52 days in
the CLO subgroup and 32.66 ± 16.19 days in the CLO
plus PPI subgroup. The mean duration of PPI use within
90 days was 27.82 ± 16.21 days. Overall, the patients
receiving CLO plus PPIs were older. More patients had a
history of CHF, renal disease, cerebrovascular disease,

Table 1. Characteristics of diabetes mellitus patients who had received BMS implantation, stratified by medication taken within 3
months after BMS implantation and comparison between CLO and CLO+PPI subgroup

Age (year)
Age group
< 55 y
55~64 y
65~74 y
³ 75 y
Sex
Female
Male
Medical history in prior 1 year
Congestive heart failure
Myocardial infarction
Renal disease
Cerebrovascular disease
Peripheral vascular disease
Chronic pulmonary disease
Liver disease
Cancer
PCI
CABG surgery
Characteristics of index hospitalization
Inpatient for £ 7 days
Stent no. > 1
Drug use during the follow-up period
Thiazolidinedione
Metformin
Sulfonylurea
Insulin
b-blocker
Calcium channel blocker
ACEI/ARB
Lipid lowering agents
Antiplatelet agents
Aspirin
Ticlopidine
Charlson comorbidity index, mean (SD)

Total (n = 6757)

CLO (n = 6243)

CLO+PPI (n = 514)

p-value

65.5 ± 10.29

65.4 ± 10.30

67.3 ± 10.0

< 0.001

1210 (17.91%)
1880 (27.82%)
2324 (34.39%)
1343 (19.88%)

1137 (18.21%)
1755 (28.11%)
2145 (34.36%)
1206 (19.32%)

073 (14.20%)
125 (24.32%)
179 (34.82%)
137 (26.65%)

< 0.001

2612 (38.66%)
4145 (61.34%)

2376 (38.06%)
3867 (61.94%)

236 (45.91%)
278 (54.09%)

< 0.001

1684 (24.92%)
2465 (36.48%)
0802 (11.87%)
1345 (19.91%)
384 (5.68%)
1296 (19.18%)
173 (2.56%)
361 (5.34%)
6614 (97.88%)
68 (1.01%)

1513 (24.24%)
2294 (36.75%)
682 (10.92%)
1205 (19.30%)
349 (5.59%)
1185 (18.98%)
157 (2.51%)
321 (5.14%)
6121 (98.05%)
61 (0.98%)

171 (33.27%)
171 (33.27%)
120 (23.35%)
140 (27.24%)
35 (6.81%)
111 (21.60%)
16 (3.11%)
40 (7.78%)
493 (95.91%)
07 (1.36%)

< 0.001
0.12
< 0.001
< 0.001
0.25
0.15
0.41
0.01
< 0.01
0.40

1928 (28.53%)
1588 (23.50%)

1700 (27.23%)
1455 (23.31%)

228 (44.36%)
133 (25.88%)

< 0.001
0.19

1341 (19.85%)
3975 (58.83%)
4947 (73.21%)
1424 (21.07%)
4677 (69.22%)
3678 (54.43%)
5004 (74.06%)
4108 (60.80%)

1257 (20.13%)
3753 (60.12%)
4615 (73.92%)
1278 (20.47%)
4343 (69.57%)
3386 (54.24%)
4637 (74.28%)
3843 (61.56%)

084 (16.34%)
222 (43.19%)
332 ()64.59%
146 (28.40%)
334 (64.98%)
292 (56.81%)
367 (71.40%)
265 (51.56%)

0.04
< 0.001
< 0.001
< 0.001
0.03
0.26
0.15
< 0.001

5752 (85.13%)
358 (5.30%)
1.35 ± 1.46

5432 (87.01%)
305 (4.89%)
1.29 ± 1.42

320 (62.26%)
053 (10.31%)
2.10 ± 1.75

< 0.001
< 0.001
< 0.001

ACEI, angiotensin-converting enzyme inhibitors; ACS, acute coronary syndrome; ARB, angiotensin II receptor blocker; BMS, baremetal stent; CABG, coronary artery bypass graft; CLO, clopidogrel; PCI, percutaneous coronary intervention; PPI, proton pump
inhibitor.
405
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combination of ACS and revascularization are shown in
Figure 2A, B and C. There was no significant difference
in CV events between the CLO and CLO plus PPI groups.

The crude incidence rates (IR) of readmission for
revascularization, ACS, or CV events were higher in the
CLO group than in the CLO plus PPI group (revascularization, 0.41 vs. 0.40 per person-year; ACS, 0.12 vs.
0.10 per person-year). Across all events (readmission for
revascularization or ACS), the CLO group had a lower
crude IR of major adverse CV events than the CLO plus
PPI group (Table 2). There were no significant differences
among the groups.
Cox proportional hazards analysis showed an association between CLO plus PPIs and the risk of readmission
for revascularization, ACS, or CV events. In addition, the
CLO plus PPI group had a higher risk of ACS within 6
months after BMS implantation (crude HR = 1.45; 95% CI,
1.04-2.03) than the CLO group. However, after propensity
score adjustments for potential self-selection, there were
no significant differences between the CLO and CLO plus
PPI groups (revascularization, HR = 0.96, 95% CI, 0.811.13; ACS, HR = 0.94, 95% CI, 0.69-1.28) (Table 3).
Table 4 shows the stratification analysis according to
a history of ACS. The patients without a history of ACS
who received CLO plus PPIs had a higher risk of ACS after BMS implantation (crude HR = 1.47; 95% CI, 1.012.13) than those who received CLO alone. After propensity score adjustments for potential self-selection, there
were no significant differences among the subgroups.
Kaplan-Meier curves for ACS, revascularization and a

DISCUSSION
To the best of our knowledge, this is the first study
to report no increased risk of ACS and rehospitalization
for revascularization with the concomitant use of CLO
and PPIs in patients with diabetes treated with BMS after adjustment for propensity score. Two previous studies (PRINCIPLE-TIMI 44 and TRITON-TIMI 38 trials) indicated that the concomitant use of CLO and PPI did not
significantly increase the risk of adverse clinical outcomes among patients with ACS undergoing PCI.22 In addition, analysis of a Denmark nationwide cohort study
showed that concomitant PPI therapy did not increase
the risk of adverse CV events in patients who were receiving CLO.23 Moreover, in the Clopidogrel and the Optimization of Gastrointestinal Events Trial (COGENT),
there was no apparent increase in CV risk when using
CLO and omeprazole concomitantly compared with using CLO alone. 24 Furthermore, the concurrent use of
PPIs has not been associated with a statistically significant increase in the risk of serious CV events among
patients undergoing PCI with BMS or DES.15,16,25,26 The

Table 2. Crude rates of revascularization and ACS events during the follow-up

Readmission within 1 year
Mean follow-up time (SD), day
Total follow-up of time, person-year
Revascularization or ACS Readmission
3 months
6 months
12 months
Revascularization
Events (%), n
Incidence rate per person-year
ACS
Events (%), n
Incidence rate per person-year
Revascularization or ACS
Events (%), n
Incidence rate per person-year

Total (N = 6,757)

CLO (N = 6,243)

CLO + PPI (N = 514)

279.6 ± 119.8
5175.2

280.8 ± 119.3
4802.5

264.7 ± 125.2
372.7

0698 (10.3%)
1519 (22.5%)
2206 (32.7%)

0643 (10.3%)
1399 (22.4%)
2040 (32.7%)

055 (10.7%)
120 (23.4%)
166 (32.3%)

2059 (30.5%)
0.40

1906 (30.5%)
0.40

153 (29.8%)
0.41

523 (7.7%)
0.10

477 (7.6%)
0.10

46 (9.0%)
0.12

2206 (32.7%)
0.43

2040(32.7%)
0.42

166 (32.3%)
0.45

Abbreviations as Table 1.
Acta Cardiol Sin 2019;35:402-411
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Table 3. Effect of exposure to clopidogrel versus clopidogrel plus proton pump inhibitors after BMS implantation

Revascularization
3 months
6 months
12 months
ACS
3 months
6 months
12 months
Revascularization or ACS
3 months
6 months
12 months

Crude HR (95% CI)

p-value

Adjusted HR* (95% CI)

p-value

1.00 (0.74-1.35)
1.01 (0.83-1.23)
0.98 (0.83-1.15)

0.98
0.90
0.78

0.88 (0.64-1.20)
0.95 (0.78-1.17)
0.96 (0.81-1.13)

0.40
0.65
0.60

1.44 (0.92-2.26)
1.45 (1.04-2.03)
1.19 (0.88-1.61)

0.12
0.03
0.26

0.95 (0.59-1.52)
1.07 (0.76-1.52)
0.94 (0.69-1.28)

0.82
0.70
0.69

1.06 (0.80-1.39)
1.05 (0.87-1.27)
1.04 (0.89-1.22)

0.70
0.59
0.60

0.87 (0.65-1.15)
0.95 (0.78-1.15)
0.95 (0.81-1.12)

0.32
0.61
0.53

Abbreviations as Table 1; HR, hazard ratio.
* Adjusted for age, sex, comorbidities in 1 year before entry date (congestive heart failure, myocardial infarction, renal disease,
peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, liver disease, cancer, percutaneous coronary
intervention, and history of coronary artery bypass graft), drug use after discharge (thiazolidinedione, metformin, sulfonylurea,
insulin, b-blocker, calcium channel blocker, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, lipidlowering agents, aspirin, and ticlopidine), and the characteristics of index hospitalization (number of days spent in hospital, number
of stents), and propensity score.

Table 4. Stratified analysis of outcomes by history of ACS for clopidogrel versus clopidogrel plus proton pump inhibitors after BMS
implantation
Revascularization

History of ACS (n = 2,465)
Crude
Adjusted*
No history of ACS (n = 4,292)
Crude
Adjusted*

ACS

Revascularization or ACS

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

0.89 (0.68-1.18)
0.83 (0.62-1.11)

0.43
0.20

0.88 (0.52-1.48)
0.65 (0.38-1.12)

0.63
0.12

0.94 (0.72-1.22)
0.77 (0.59-1.02)

0.63
0.07

1.04 (0.85-1.28)
1.02 (0.83-1.27)

0.71
0.84

1.47 (1.01-2.13)
1.18 (0.80-1.75)

0.04
0.40

1.12 (0.92-1.37)
1.07 (0.87-1.31)

0.25
0.54

Abbreviations as Table 1; HR, hazard ratio.
* Adjusted for age, sex, comorbidities in 1 year before entry date (congestive heart failure, myocardial infarction, renal disease,
peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, liver disease, cancer, percutaneous coronary
intervention, and history of coronary artery bypass graft), drug use after discharge (thiazolidinedione, metformin, sulfonylurea,
insulin, b-blocker, calcium channel blocker, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, lipidlowering agents, aspirin, and ticlopidine), and the characteristics of index hospitalization (number of days spent in hospital, number
of stents), and propensity score.

results of these studies were similar to those of the
current study. In the Western Denmark Heart Registry
(WDHR) study, CLO was not associated with an increased
risk of CV events with the concomitant use of PPIs in
68% of 13,001 patients undergoing BMS implantation.13
In addition, data from the Tennessee Medicaid program
suggested no increased risk of serious CV events with
the concurrent use of PPIs and CLO.15 Moreover, in the
study conducted by Tentzeris et al., the use of PPIs with

CLO did not increase the risk of adverse clinical CV outcomes in 71% of 1,210 patients undergoing BMS implantation.16 Furthermore, analysis of the US Veterans
Affairs Pharmacy Benefits Management database and
the National Patient Care Database showed that the use
of PPIs in CLO-treated patients was not associated with
an increased risk of adverse CV events in 36.5% of patients undergoing BMS implantation.25 The sub-analysis
of a meta-analysis which included randomized control
407
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Figure 2. (A) Kaplan-Meier estimates of revascularization between exposure to clopidogrel (CLO) and clopidogrel plus proton pump inhibitors (CLO
+ PPI) after bare mental stent (BMS) implantation. (B) Kaplan-Meier estimates of acute coronary syndrome (ACS) between exposure to clopidogrel
(CLO) and clopidogrel plus proton pump inhibitors (CLO + PPI) after BMS implantation. (C) Kaplan-Meier estimates of revascularization or ACS between exposure to clopidogrel (CLO) and clopidogrel plus proton pump inhibitors (CLO + PPI) after BMS implantation.

trials (RCTs) and propensity score matched (PSM) studies showed that adverse CV events were not significantly different between patients with and without PPI
therapy.27 In another meta-analysis, there was no strong
evidence of an increased risk of rehospitalization and
non-fatal MI among patients who were receiving PPIs
and CLO.28 The results of these studies were similar to
those of the current study. We used propensity score
regression adjustments to balance the distribution of
confounders. However, in contrast to the previous studies, we included patients with diabetes implanted
with BMS.13,15,16,25 The influence of the concomitant use
of CLO and PPIs in patients with diabetes implanted with
BMS has not been elucidated in previous studies. Our
results seemed to indicate that the concomitant use of
PPIs and CLO could be considered in patients with diabetes after BMS implantation, particularly in those at
increased risk of GI bleeding.
Possible reasons for the conflicting results of previous studies regarding patients who were receiving PPIs
and adverse clinical outcomes include selection bias and
differences in baseline characteristics between users
and non-users of PPIs. In our study as well as in two
other studies, a higher prevalence of CHF, chronic kidney injury, and cerebrovascular disease and a higher
Charlson comorbidity index at baseline were found in
the patients who were receiving PPIs.23,29 Results from
RCTs and PSM studies have shown that the concomitant
Acta Cardiol Sin 2019;35:402-411

use of CLO and PPIs did not increase the risk of CV
events after decreasing the effect of selection bias. In
the current study, the HRs of outcomes were adjusted
for propensity score to decrease the unbalanced distribution of baseline characteristics. Another possible reason that may have affected the results was the definition and number of outcomes, as mentioned in the study
by Tentzeris et al.16 In previous studies,24,30,31 composites
of more than two outcomes were analyzed. To decrease
the effect of composite outcomes, we investigated the
effects of PPIs only on two outcomes — rehospitalization for ACS and revascularization. In the study by Gupta
et al.,30 the risk of target lesion revascularization or failure did not increase in the group receiving PPIs. In patients with diabetes, the use of DES was highly preferred
to reduce the risk of target vessel revascularization compared with the use of BMS. However, patients with diabetes implanted with a limus-eluting stent were reported
to have a higher risk of ACS when receiving both CLO and
PPIs.17 In contrast, we did not find similar results. We
hypothesize that uncoated drug stents may permit earlier arterial wall healing than drug-coated stents, which
are potentially associated with a reduced risk of thrombus formation in long-term follow-up.32

Limitations and strength
Our nonrandomized design could be confounded by
unmeasured variables, particularly because the NHIRD
408
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lacks detailed information on risk factors such as smoking, lipid levels, and stent size and length. Although we
attempted to adjust for this by adding a propensity score
variable, this may not be the best method to adjust for
confounding. Because the NHIRD does not contain data
on mortality, we could not analyze the causes of death.
However, we tried to use the enrollment data to identify
the date of being lost to follow-up. Of the patients, 59%
(n = 4,006, mean follow-up days = 365.0) were not observed until the end of the observation period, 33% (n =
2,206, mean follow-up days = 146.6 ± 88.5) had adverse
events, and 8% (n = 545, mean follow-up days = 189.5 ±
113.9) were lost to follow-up. Our study has additional
limitations. We had no data on CLO resistance, such as
platelet function data and functional variability in 2C19
isoenzyme activity. The strengths of this study include
the large number of patients since it was based on a nationwide, unselected population that represented average patients with diabetes and BMS implantation in a
contemporary clinical setting. In Taiwan, PPIs are mainly
prescribed when there is a clear indication, such as peptic ulcer disease or gastroesophageal reflux disease confirmed by esophagogastroduodenoscopy. Moreover,
PPIs are not routinely prescribed in combination with
DAPT. Although we could not analyze patients who selfpaid for PPIs, the dataset we used included all patients
enrolled in the NHI and represented the real situation of
medical utilization in Taiwan. We performed multiple
comparisons that may have increased the possibility of
type I errors, however more meaningful clinical findings
could be observed. Information on drug use and rehospitalization for ACS or revascularization was collected independently from the NHIRD, avoiding reliance on selfreports, thus reducing the potential for misclassification.

CONCLUSIONS

Clinical implication
Our results indicated that the concurrent use of PPIs
and CLO did not significantly increase the risk of serious
CV events. Although the upper limit of the CI of the HR
for CV events did not rule out the possibility of such
harm, data from additional studies, including trials, will
be important to clarify precise estimates of the effects
of concurrent PPI use on CV outcomes. In addition, our
results did not support the need to avoid the concomitant use of PPIs for gastric protection in patients receiving CLO who are at an increased risk of GI bleeding.
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