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Abstract: Antiplatelet agents are commonly used in combination with proton-pump inhibitors
(PPIs) in patients with acute coronary syndrome who are at risk of gastrointestinal hemorrhage.
However, studies have reported that PPIs can alter the pharmacokinetics of antiplatelet agents and
result in adverse cardiovascular events. We enrolled 311 patients who received antiplatelet therapy
with PPIs for >30 days and 1244 matched controls following a 1:4 propensity score matching during
the index period. Patients were followed up until death, myocardial infarction, coronary revascu-
larization, or the end of the follow-up period. Patients who used antiplatelet therapy with PPIs were
found to be at higher risk of mortality than the controls (adjusted hazard ratio (HR): 1.77; 95% con-
fidence interval (CI): 1.30-2.40). The adjusted HR for patients who used antiplatelet agents with PPIs
developing myocardial infarction and coronary revascularization events was 3.52 (95% CI: 1.34—
9.22) and 4.74 (95% CI: 2.03-11.05), respectively. Additionally, middle-aged patients or those within
3 years of concomitant use showed a higher risk of myocardial infarction and coronary revascular-
ization. Our findings suggest that antiplatelet therapy combined with PPIs has a higher mortality
risk in patients with gastrointestinal bleeding and is associated with an increased risk of myocardial
infarction and coronary revascularization.

Keywords: proton-pump inhibitor; antiplatelet; cohort; cardiovascular

1. Introduction

In the pathogenesis of arterial thrombosis, platelets are responsible for the initiation
of a series of complex interactions that culminate in platelet aggregation and thrombus
formation. Therefore, an antiplatelet therapy such as aspirin and clopidogrel is the stand-
ard treatment for patients with acute coronary syndrome, particularly those undergoing
percutaneous coronary intervention [1]. Antiplatelet therapy is also recommended for the
secondary prevention of other vascular events in patients with strokes, transient ischemic
attacks, or peripheral arterial disease [2]. During the last century, antiplatelet agents have
significantly improved patient clinical outcomes owing to the prevention of a substantial
number of atherothrombotic events, decreasing cardiovascular mortality rates. However,
antiplatelet agents also have limited clinical use for potential adverse gastrointestinal (GI)
complications, including peptic ulcers, GI bleeding, or perforations, especially in patients
with previous GI events. An expert consensus report revealed that dual antiplatelet ther-
apy could induce significant risks of GI bleeding, even with low-dose aspirin [3].
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To overcome this issue, the concomitant use of a GI protective agent such as proton-
pump inhibitors (PPIs) has been recommended for this patient population to attenuate the
risk of GI bleeding [4]. A systematic review and meta-analysis demonstrated that PPI use
was associated with a reduction in adverse GI events in patients treated with antiplatelet
agents [5]. In addition, several observational and randomized studies have shown that
PPIs are associated with a reduced risk of upper GI bleeding in patients who use antiplate-
let agents [6-9]. Moreover, according to the key guidelines for reducing the GI risks of
antiplatelet therapy and NSAID utilization, the concomitant use of PPIs and antiplatelet
agents is recommended for patients with a history of GI bleeding to reduce recurrent
bleeding complications [10]. These findings suggest that PPIs can be effectively used to
prevent recurrent bleeding in patients with GI bleeding who use antiplatelet agents.

In terms of cardiovascular protection, there is some evidence for the possibility of an
increased adverse cardiovascular event in patients treated with concomitant PPIs and an-
tiplatelet therapy due to potential drug—drug interactions [11-13]. Additionally, a meta-
analysis showed that although clopidogrel (an antiplatelet agent) alone appeared to be
superior in reducing cardiovascular event risks, it may be associated with an increased
risk of cardiovascular events when combined with PPIs [14]. Thus, using a combination
of PPIs and antiplatelet agents is difficult to justify because GI protection may be achieved
at the expense of cardiovascular event prevention. Therefore, this study aimed to evaluate
the association of a dual therapy comprising antiplatelet agents and PPIs with adverse
cardiovascular event risks using a nationwide population-based cohort dataset.

2. Materials and Methods
2.1. Study Dataset

Data from the Korean National Health Insurance Service National Sample Cohort
(NHIS-NSC), a population-based cohort established by the Korean NHIS, were used in
this study. Currently, the Korean NHIS maintains and stores records of healthcare utili-
zation and prescriptions for the entire population as a single universal government in-
surer. South Korea has a single-payer national health system, which has covered the entire
South Korean population since 1989. An insured individual pays for national health in-
surance, which is proportional to the individual’s income, and each South Korean is as-
signed a unique identification number at birth. With the integration of medical aid data
into the NHIS database in 2006, this database comprises the entire population of South
Korea. For these reasons, the claims data in the NHIS cannot be omitted or duplicated.
Therefore, usage of the NHIS database eliminates selection bias. The NHIS-NSC is a rep-
resentative sample cohort of 1,025,340 randomly selected participants, comprising 2.2% of
the total eligible Korean population in 2002 who were followed up for 11 years until 2013.
The NHIS-NSC was constructed using systematically stratified random sampling with
1476 strata in the context of age, sex, and income level. The cohort was refreshed annually
by adding a representative sample of newborns sampled across 82 strata and removing
subjects who were deceased or had emigrated using the 2.2% sampling rate during the
follow-up period. The NHIS-NSC contains information about the participants’ insurance
eligibility, medical treatment history, healthcare provider’s institution, and general health
examination for each of the 12 years. Additionally, the reliability of the NHIS-NSC data-
base has been validated, which showed a similar prevalence of 20 major diseases for each
of the years assessed [15]. The present study adhered to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board (IRB) of Hallym Medical
University, Chuncheon Sacred Hospital (No. 2021-08-006). The requirement for written
informed consent was waived by the IRB because the NHIS-NSC database used in this
study comprised de-identified secondary data. The authors confirm that data supporting
the findings of this study are available within the article.
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2.2. Study Setting and Participants

This was a retrospective, nationwide propensity score-matched cohort study using
the dataset from the National Health Claims Database collected by the NHIS. The datasets
generated and/or analyzed in the present study are not publicly available because of the
Korean National Health Insurance Service policies, but are available from the correspond-
ing author upon reasonable request. In this study, all disease diagnostic codes were iden-
tified using the International Classification of Diseases, 10th revision (ICD-10). A sche-
matic description of the study design and the flow of enrollment of the study participants
is presented in Figure 1.

Briefly, to remove any potential pre-existing cases of primary outcomes, we excluded
the first year (2002) from the dataset as the wash-out period. The patient group in this
study included all those who had a prior history of acute coronary syndrome and had
been prescribed the concomitant use of antiplatelet agents and PPIs during the index pe-
riod (January 2003 to December 2008). The balanced operational definition of the concom-
itant use of PPIs and antiplatelet agents was those who had been prescribed PPIs and
antiplatelet agents simultaneously for >30 days. In addition, we excluded the following
patients: (1) those under 20 years of age; (2) those prescribed PPIs or antiplatelet agents
before concomitant usage or concomitant usage <30 days within the index period; and (3)
those who experienced GI complications, including peptic ulcers, bleeding, or perforation
before concomitant usage <30 days. To select the comparison group, we randomly identi-
fied propensity score-matched participants (1:4) from the remaining cohort registered in
the database as participants who were prescribed antiplatelet agents without the usage of
PPIs during the entire period. Thus, participation in the comparison group consisted of
those who had a prior history of acute coronary syndrome with prescribed antiplatelet
agents. Patients who died within the index period were excluded from the comparison
group. Therefore, the study cohorts consisted of subjects over 20 years of age who had
been prescribed concomitant antiplatelet agents and PPIs for more than 30 days (target
cohort) or without PPI usage (comparative cohort) during the index period. We included
the following PPIs in the present study: esomeprazole, lansoprazole, and omeprazole. We
defined the primary outcome event using the ICD code. The operational definitions of the
study endpoints were all-cause mortality, myocardial infarction (diagnostic codes 121 and
122), and coronary revascularization (diagnostic codes M6551, M6552, M6553, M6554,
M6561, M6562, M6563, M6564, M6565, M6566, M6567, M6571, M6572, M6634, and M6638).
The risk of death, myocardial infarction, and coronary revascularization were compared
between the two groups using person/years at risk, which was defined as the duration
between the end of the concomitant usage of >30 days or 1 January 2009 (for comparison)
and their respective endpoints.
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-

Outcome : Total death, Myocardial infarction, Coronary revascularization
Index date :

PPI and Antiplatelet

Cohort entry criteria: Comparative cohort entry criteria:
- Aged > 20 years Target cohort entry criteria: - PPIuse < 30 days or Antiplatelet use < days
- No gastrointestinal complications, including - PPI or Antiplatelet were not prescribed before
peptic ulcers, bleeding, or perforation PPI and Antiplatelet were prescribed at the
same time

- PPI use and Antiplatelet use > 30 days
- No gastrointestinal complications, including
peptic ulcers, bleeding, or perforation

Comparative cohort Observation end
entry (end of observation in database)
. Washout period I\/I Index period Follow-up period I\/I
Comparative cohort Y
2002.01.01. 2003.01.01. 2008.12.31. 2013.12.31.

Outcome : Total death, Myocardial infarction, Coronary revascularization
Index date

(B)

Korean National Health Insurance Service-National
Sample Cohort (NHIS-NSC)

Patients prescribed PPI and Antiplatelet at the same
time in 2003-2008 (11 = 4878)

Exclusion

- PPI or Antiplatelet were prescribed before PPI and
Antiplatelet were prescribed at the same time (11 =

4104)
- PPIuse <30 days or Antiplatelet use <30 days (11 =
308) < 1:4 Propensity score matching
- PPland Antiplatelet use > 30 days after 2008.12.31. - The comparative cohort consisted of patients who
(n=111) were not prescribed PPI and Antiplatelet or were
- History of gastrointestinal complications, including prescribed for less than 30 days from 2002 to 2013

peptic ulcers, bleeding, or perforation (11 = 43)
- Aged <20 years (n=1)

A A
Target cohort (Long-term user of PPI and Antiplatelet) Comparative cohort (Non-long-term user)
(n=311) (n=1244)

Figure 1. (A) Description of the study design. Target cohort: patients who had been prescribed con-
comitant antiplatelet agents and PPIs for 30 days during the index period and who were over 20
years of age. Comparative cohort: patients who had been prescribed antiplatelet agents without PPI
usage during the index period and who were over 20 years of age. (B) Enrollment flow of the study
participants
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2.3. Outcome Variables

In this study, we included the following covariates as independent variables: sex, age,
residence, income level, and comorbidities. The study population was divided into three
age categories (<45, 45-64, and >64 years), three residential areas (Seoul, the largest met-
ropolitan region in South Korea; other metropolitan cities in South Korea (Busan, Daegu,
Daejeon, Gwangju, Ulsan, and Incheon); and small cities and rural areas), and three in-
come levels (<3 0%, 30.1-69.9%, and =70% of the group median income). Using diagnostic
codes, we also analyzed comorbidities, including essential hypertension (I10-115), type 2
diabetes mellitus (E10-E14), and chronic kidney disease (N18). We defined the presence
of comorbidities as any diagnosis during the index period prior to the prescription of an-
tiplatelet agents combined with PPIs for more than 30 days. Patients who had experienced
no events and were alive until 31 December 2013 were censored after this timepoint.

2.4. Statistical Analyses

Although 1:1 matching may yield sufficiently precise estimates in large studies or
studies with strong effects, 1:n nearest neighbor matching is a reasonable way to improve
the precision with little cost in bias [16]. Thus, we selected a 1:4 matching strategy, de-
pending on the sizes of the exposed and comparison populations, to optimize the results.
To identify whether patients treated with concomitant PPIs and antiplatelet agents after
an acute coronary syndrome bleeding history had an increased risk of total death, myo-
cardial infarction, and coronary revascularization, we used Cox proportional hazard re-
gression analyses to calculate the hazard ratio (HR) and 95% confidence interval (CI), ad-
justed for the other independent variables. During the follow-up period, the Kaplan—
Meier method was used to calculate the specific free time between the patient and the
comparison groups. All statistical analyses were performed using R version 4.0.0, with a
2-tailed p-value significance level of 0.05.

3. Results
3.1. Demographic and Clinical Characteristics

In total, 1244 participants in the comparison group and 311 patients treated with con-
comitant PPIs and antiplatelet agents after a history of acute coronary syndrome were
enrolled in this study. Table 1 presents patient characteristics, including sex, age, resi-
dence, household income, and comorbidities. The distributions of sex, age, residential
area, household income, and comorbidities were similar between the groups. To confirm
the effectiveness of propensity score matching, we analyzed the balance plot between the
comparison and patient groups (Figure 2). All independent variables showed similar dis-
tributions between the two groups, indicating that each variable was appropriately
matched.

Table 1. Characteristics of the study participants.

Antiplatelet A
Antiplatelet Agents ntiplatelet Agents and

Variables (Clopidogrel) (1 = 1244) Proton-Pump Inhibitors p-Value
(n=311)

Sex 1.000
Male 588 (47.3%) 147 (47.3%)
Female 656 (52.7%) 164 (52.7%)

Ages (years) 1.000
<45 128 (10.3%) 32 (10.3%)
45-64 564 (45.3%) 141 (45.3%)
>64 552 (44.4%) 138 (44.4%)

Residence 1.000
Seoul 180 (14.5%) 45 (14.5%)
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Second area
Third area
Household income
Low (0-30%)
Mid (30-70%)
High (70-100%)
Comorbidities
No
Yes
Hypertension
No
Yes
Type 2 diabetes
No
Yes
Chronic kidney disease
No
Yes

348 (28.0%)
716 (57.6%)

380 (30.5%)
384 (30.9%)
480 (38.6%)

160 (12.9%)
1084 (87.1%)

347 (27.9%)
897 (72.1%)

794 (63.8%)
450 (36.2%)

1212 (97.4%)
32 (2.6%)

87 (28.0%)
179 (57.6%)

95 (30.5%)
96 (30.9%)
120 (38.6%)

40 (12.9%)
271 (87.1%)

72 (23.2%)
239 (76.8%)

171 (55.0%)
140 (45.0%)

288 (92.6%)
23 (7.4%)

1.000

1.000

0.106

0.005

<0.001

Comparison: subjects matched to the dual therapy group; Seoul: the largest metropolitan area; sec-
ond area: other metropolitan cities; third area: other areas in South Korea.
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Figure 2. Balance plot for 5 variables before and after matching. The graph shows how the matching
results changed so that the distribution of each independent variable was the same between the two

groups.
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3.2. Incidence and Risk Ratio

The incidence and risk ratios of total death, myocardial infarction, and coronary re-
vascularization are presented in Table 2. The overall incidence of total death was 18.45 and
31.9 per 1000 person/years in the comparison and dual therapy groups, respectively. Ad-
ditionally, we detected a higher incidence of myocardial infarction (4.46 per 1000 per-
son/years) and coronary revascularization (6.74 per 1000 person/years) in the dual therapy
group than in the control group (1.14 per 1000 person/years for myocardial infarction and
1.36 per 1000 person/years for coronary revascularization).

Table 2. Comparison of the incidence per 1000 person/years and the risk ratio of primary outcomes
between the comparison group and patients treated with dual therapy (proton-pump inhibitors and
antiplatelet agents).

. . Unadjusted HR Adjusted HR
Variables n Case Person/Year Incidence (9é % CI) (]9 5% CI) p-Value
Total Death
Antiplatelet
agent 1244 163 8820.1 18.48 1.00 (ref) 1.00 (ref)
(clopidogrel)
Antiplatelet
agenfsand pro- 50, 5o ygygy 3197 168(1.25-228)*% 177 (130-240)** <0001
ton-pump inhibi-
tors
Myocardial Infarction
Antiplatelet
agent 1244 10 8798.9 1.14 1.00 (ref) 1.00 (ref)
(clopidogrel)
Antiplatelet
agenfsandpro- 50, g ypg56 4.46 377 (147-9.63)*  3.52(1.34-922)* 0010
ton-pump inhibi-
tors
Coronary Revascularization

Antiplatelet
agent 1244 12 8798.1 1.36 1.00 (ref) 1.00 (ref)
(clopidogrel)
Antiplatelet
agentsand pro- g1y gy 674 553 (245-1245)** 474 (203-11.05**  <0.001

ton-pump inhibi-
tors

Comparison: subjects matched to the dual therapy group; HR: hazard ratio; CI: confidence interval.
*p <0.05; ** p <0.010; *** p <0.001.

In the univariate and multivariate Cox regression analyses, we found that the ad-
justed HR for total death was significantly increased in the dual therapy group (adjusted
HR =1.77; 95% CI: 1.30-2.40). Additionally, incident myocardial infarction and coronary
revascularization events were associated with an increased risk ratio in the dual therapy
group compared with the comparison group (adjusted HR = 3.52; 95% CI: 1.34-9.22 and
adjusted HR = 4.74; 95% CI: 2.03-11.05, respectively). The data for the time-to-event and
censored events are shown in Table 3.
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Table 3. The numbers of each final finding during the follow-up period between the comparison
group and patients treated with dual therapy (proton-pump inhibitors and antiplatelet agents).

Total Deaths Myocardial Infarction Coronary Revascularization

Event 221 18 24
Antiplatelet agent (clopidogrel) 163 10 12
Antiplatelet agents and proton-pump inhibitors 58 8 12
Total censored (no event) 1334 1537 1531
Antiplatelet agent (clopidogrel) 1081 1234 1232
Antiplatelet agents and proton-pump inhibitors 253 303 299
Termination of study 1270 1260 1248
Antiplatelet agent (clopidogrel) 1031 1025 1020
Antiplatelet agents and proton-pump inhibitors 239 235 228
Loss to follow-up/drop-out 64 277 283
Antiplatelet agent (clopidogrel) 50 209 212
Antiplatelet agents and proton-pump inhibitors 14 68 71

Comparison: subjects matched to the dual therapy group.

Kaplan-Meier survival curves with log-rank test results indicated that patients in the
dual therapy group suffered from total death, myocardial infarction, and coronary revas-
cularization more frequently than those in the comparison group (Figure 3).

(A) Total death

= Antiplatelet agents = Antiplatelet agents+Proton Pump Inhibitors

0.25
° 0.20
©
3
< 0.15
o
2
g 0.10
=
-}
O 0.05
0.00
0 2 4 6 8 10
Time (Year)
Number at risk
Antiplatelet agents{1244 1180 1120 762 332 97
Antiplatelet agents+Proton Pump Inhibitors{ 311 280 253 155 51 9
0 2 4 6 8 10
Time (Year)

(C) Coronary revascularization

— Antiplatelet agents — Antiplatelet agents+Proton Pump Inhibitors

0.15
p
N 0.10
£
o
2
K
g 0.05 —
3 =
o B
b 5
l
0.00 _‘_’[—'_—___J_o—"_"_

0 2 4 6 8 10
Time (Year)
Number at risk
Antiplatelet agents{1244 1179 1117 761 330 96
311 277 247 151 50 8
0 2 4 6 8 10
Time (Year)

Cumulative hazard

0.100

0.075

0.050

0.025

0.000

Antiplatelet agents

Antiplatelet agents+Proton Pump Inhibitors

(B) Myocardial infarction

- agents — gents+Proton Pump Inhibitors
0 2 4 6 8 10
Time (Year)
Number at risk
1244 1178 1115 760 332 97
311 277 250 153 51 8
0 2 4 6 8 10
Time (Year)

Figure 3. Cumulative hazard plot of specific events using the Kaplan—-Meier method: (A) total death;
(B) myocardial infarction; (C) coronary revascularization.
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Specifically, in the subgroup analysis, the highest risk of developing myocardial in-
farction and coronary revascularization events was observed in middle-aged patients
treated with dual therapy compared with young or elderly patients treated with dual ther-
apy (Table 4).

Table 4. Hazard ratios of primary outcomes between the comparison group and patients treated
with dual therapy (proton-pump inhibitors and antiplatelet agents) according to age group.

<45 45-64 >64
. Antiplatelet . . . .
Antiplatelet Antiplatelet Antiplatelet Agents Antiplatelet Antiplatelet Agents
Ages Agents and Pro-
Agent ton-Pump Inhibi- Agent and Proton-Pump Agent and Proton-Pump
(Clopidogrel) tofs (Clopidogrel) Inhibitors (Clopidogrel) Inhibitors
Total Deaths
Unjg];j/stgi)HR 1.00 (ref) - 1.00 (ref) 228 (L10-470)*  1.00 (ref)  1.75(1.25-2.44) **
o
Adjusted HR (95% CI) 1.0 (ref) - 1.00 (ref) 2.08 (0.97-4.46) 1.00 (ref)  1.77 (1.26-2.49) ***
Myocardial Infarction
j HR
Uniggjfté% 1.00 (ref) - 1.00 (ref)  25.01 (2.64-237.30) *  1.00 (ref) 2.02 (1.62-6.57) *
Adjusted HR (95% CI) 1.0 (ref) - 1.00 (ref)  16.79 (1.81-156.10) *  1.00 (ref) 2.09 (1.63-6.89) *
Coronary Revascularization
Unjg];;’tgl)HR 1.00 (ref) ; 1.00 (ref)  17.12 (4.52-64.88) ***  1.00 (ref) 1.95 (1.52-7.31) *
o
Adjusted HR (95% CI)  1.00 (ref) - 1.00 (ref)  13.64 (3.41-54.51) **  1.00 (ref) 1.74 (1.45-6.72) *

Comparison: subjects matched to the dual therapy group; HR: hazard ratio; CI: confidence interval.
*p < 0.05; * p < 0.010; *** p < 0.001.

Moreover, we found that the adjusted HRs of myocardial infarction and coronary
revascularization events were relatively higher within 3 years after the concomitant use of
antiplatelet agents and PPIs, whereas they decreased then remained constant during the
follow-up period (Table 5).

Table 5. Risk of myocardial infarction or coronary revascularization event by time elapsed since the
concomitant usage of proton-pump inhibitors and antiplatelet agents.

Myocardial Infarction Coronary Revascularization
Time (Year) Adjusted HR Adjusted HR

(95% CI) (95% CI)
1 3.56 (0.32-39.47) No events
2 4.16 (0.98-17.63) 9.44 (1.51-59.03) *
3 6.02 (1.86-19.51) ** 15.33 (3.08-76.34) ***
4 3.69 (1.31-10.43) * 7.35 (2.07-26.07) **
5 3.69 (1.31-10.43) * 5.54 (1.87-16.36) **
6 3.69 (1.31-10.43) * 4.45 (1.55-12.76) **
7 3.17(1.18-8.52) * 4.65 (1.83-11.87) **
8 3.17 (1.18-8.52) * 4.61 (1.93-11.01) ***
9 3.17 (1.18-8.52) * 4.46 (1.90-10.50) ***
10 3.52(1.34-9.22) * 4.74 (2.03-11.05) ***
11 3.52 (1.34-9.22) * 4.74 (2.03-11.05) ***

HR: hazard ratio; CI: confidence interval. * p < 0.05; ** p <0.010; *** p < 0.001.

4. Discussion

Antiplatelet therapy, from low-dose aspirin to clopidogrel, is the most commonly
used regimen for the management of patients with cardiovascular diseases. Generally,
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antiplatelet drugs are known to include antithrombotic agents as major components,
which are mainly prescribed for the treatment and prevention of atherothrombotic dis-
eases, including coronary artery disease, peripheral artery disease, ischemic strokes, and
transient ischemic attacks [17-20]. Antiplatelet drugs exert their effects by either prevent-
ing the formation of second messengers, interacting with intracellular signaling pathways
and blocking membrane receptors, or inhibiting platelet aggregation. However, prior
studies have demonstrated the occurrence of varying degrees of bleeding complications
with combination antiplatelet therapies [17-20]. Specifically, a GI hemorrhage is the most
frequently reported bleeding complication associated with antiplatelet agents and it usu-
ally occurs in dose-dependent patterns [21,22]. To the best of our knowledge, this is the
first study to compare the outcomes of total death, myocardial infarction, and coronary
revascularization between patients administered dual therapy (antiplatelet agents with
PPIs) and antiplatelet agents alone (without PPIs) in a national cohort of Asian patients
discharged after hospitalization for acute coronary syndrome. This study, based on the
South Korean NHIS-NSC, found that after adjustments for propensity scores, patients
with a history of acute coronary syndrome who used concomitant dual therapy were at a
higher risk of total death, myocardial infarction, and coronary revascularization events
compared with non-PPI users. Additionally, we observed that middle-aged patients or
those with 3 years of concomitant use showed a higher risk of myocardial infarction and
coronary revascularization compared with the controls.

It is well known that clopidogrel is activated by the liver enzyme CYP2C19 and PPIs
are metabolized by several human cytochromes such as P450, but only pantoprazole is
metabolized by a sulfotransferase. Previous studies have demonstrated that the potential
clopidogrel-PPI interaction is not likely to affect the entire class of PPIs because PPIs are
metabolized by both CYP 450 2C19 and 3A4 in different proportions based on their iso-
meric forms [23-25]. Additionally, some studies suggest that the attenuating effects of
concomitant PPI use on platelet response to clopidogrel are restricted to omeprazole [26—
28]. Meanwhile, pantoprazole does not appear to completely inhibit CYP 450 2C19 and
has not been linked to this adverse effect on clopidogrel [28].

To date, there is conflicting evidence regarding whether the use of concomitant PPIs
and antiplatelet agents increases the risk of adverse cardiovascular events. Recent system-
atic reviews and meta-analyses suggest that, in terms of cardiovascular protection,
clopidogrel alone appears to be superior to clopidogrel plus PPIs in reducing cardiovas-
cular risk, whereas long-term mortality is not statistically significant [14,29]. However,
these meta-analyses have critical limitations because they consist of observational studies
and not randomized studies. Previous studies on healthcare claims data have also re-
ported conflicting findings regarding the potential interaction between clopidogrel and
PPIs. Similar to previous observational studies, a study based on Taiwan’s insurance da-
tabase demonstrated that patients prescribed clopidogrel plus PPIs had a significantly
higher incidence of cardiovascular events [30]. Additionally, another study based on Tai-
wan’s insurance database detected that the concomitant use of PPIs was associated with a
significant reduction in risk among aspirin users but not among clopidogrel users [31]. In
contrast, another study showed no apparent cardiovascular interaction between
clopidogrel and PPIs in patients who received dual therapy [32].

Contrary to prior studies, we selected dual therapy subjects treated with antiplatelet
agents and PPIs simultaneously for more than 30 days. Additionally, we identified control
subjects prescribed antiplatelet agents without PPIs. Thus, we believe that our study de-
sign was appropriate to determine the precise effect of PPIs on drug-drug interactions in
patients with acute coronary syndrome. However, to select concomitant users for more
than 30 days, we could not divide the patients according to antiplatelet agents such as
aspirin and clopidogrel. Thus, we found increased myocardial infarction and coronary
revascularization events during the follow-up period, but we could not find any associa-
tion between dual therapy and coronary artery disease, peripheral vascular disease, is-
chemic strokes, or transient ischemic attacks. Moreover, our research has other distinctive
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advantages compared with previous studies. First, this study minimized surveillance bias
on the risk of total death and adverse cardiovascular events in patients treated with con-
comitant usage through the selection of sociographically matched controls in the cohort
database. Second, although this study was designed retrospectively, it used a cohort da-
taset rather than a cross-sectional dataset. Thus, we investigated the risk ratio during the
follow-up period and evaluated the change in risk over time. Third, we evaluated the risk
ratio according to age category and time series during the follow-up period. This is im-
portant for clinicians because it might reveal an insight into which age group is more sus-
ceptible to the adverse effects of concomitant usage and the period in which patients
treated with dual therapy are at a high risk of adverse cardiovascular events. Finally, alt-
hough we combined all PPIs and antiplatelet agents into one category, we assessed con-
comitant users and their matching controls for more than 30 days. Thus, we evaluated the
precise effect of dual therapy on cardiovascular protection due to drug—drug interactions.

However, our study had a few limitations. First, we could not access any specific
personal health data such as smoking history and alcohol consumption. Therefore, we
could not adjust for these confounding factors. Second, the diagnosis of the disease was
dependent only on ICD-10 diagnostic codes, which may be less accurate than diagnoses
based on medical chart data as these often include the medical history, physical examina-
tions, and laboratory results. Consequently, this study had the potential for misclassifica-
tion bias. Third, the NHIS-NSC database provides categorized age data (<45, 45-64, and
>64 years), which is why we could not match the two groups according to the actual age
distribution; our findings may have some residual bias within the categories as a result.
Fourth, this study could not present a direct association of dual therapy with total death
or adverse cardiovascular events due to our study design, in which the baseline charac-
teristics of the individuals were limited to a previous database. Therefore, we could not
confirm whether our findings had a causal relationship or a temporal incidence. Finally,
in this study, the exact medication compliance was unclear, although we considered the
selection of concomitant prescriptions. Further studies are required to confirm these is-
sues.

5. Conclusions

We investigated the possible effect of the concomitant use of PPIs and antiplatelet
agents on the risk of adverse cardiovascular events. The present study revealed that pa-
tients treated with dual therapy had a significantly higher risk ratio of total death, myo-
cardial infarction, and coronary revascularization than non-PPI users. Additionally, mid-
dle-aged patients treated with dual therapy showed an increased risk of total death, my-
ocardial infarction, and coronary revascularization compared with young or elderly pa-
tients. Therefore, clinicians must be aware of the potential risk of adverse cardiovascular
events when prescribing dual therapy to patients with acute coronary syndrome.
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