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Our objective was to systematically evaluate the efficacy and safety
of proton pump inhibitors combined with clopidogrel in patients un-
dergoing percutaneous coronary intervention and to provide an ev-
idence basis for clinical treatment decision-making. The database
EMBASE, PubMed/Medline, Web of Science, the Cochrane Library
and CNKI records from establishment of each database until Au-
gust 2020 were included. Articles were evaluated for quality. Meta-
analysis of selected articles was conducted by RevMans.3 software.
Three RCTs and 4 cohort studies were included, with a total of 9932
patients. Four studies reported gastrointestinal (Gl) bleeding events,
3 of which were RCT studies. Overall, there was a significantly lower
risk of Gl bleeding events in the PPI group compared to the no PPI
group [OR =3.06, 95% Cl: 1.89 t0 4.95] (P < 0.00001). In 3 RCT stud-
ies, there was also a significantly lower risk of Gl bleeding events in
the PPI group compared to the no PPI group [OR =3.06, 95% Cl: 1.80
to 5.21] (P < 0.0001). Seven studies including 3 RCTs and 4 cohort
studies reported MACE. Overall, there was no significant difference
in MACE events between PPI group and no PPI group [OR =1.05, 95%
Cl:0.911t01.21] (P=0.50). Both in RCT and cohort studies subgroups,
there also was no significant difference in MACE events between the
PPI group and the no PPI group [OR =1.16, 95% Cl: 0.87 t0 1.53] (P =
0.32), [OR=1.02,95% Cl: 0.87 t0 1.19] (P = 0.84), respectively. For PCI
patients taking clopidogrel and PPI therapy, PPI reduced the risk of
Gl bleeding while having no impact on MACE.

Keywords

Proton pump inhibitor; Clopidogrel; Percutaneous coronary intervention; Meta-

analysis

1. Introduction

Percutaneous coronary intervention (PCI) is applied for
the treatment of patients with acute coronary syndrome [1].
The standard of care following PCI is treatment with dual-
antiplatelet therapy, consisting of a thienopyridine (typically
clopidogrel) with aspirin, to prevent re-infarction and other
subsequent ischemic events [2]. While antiplatelet drugs
have adverse effects on the gastrointestinal (GI) system, in-
cluding GI bleeding, peptic ulcer, and perforated peptic ulcer,
proton pump inhibitors (PPI) are prescribed to reduce these
side effects in those patients who require antiplatelet therapy
and in those who are at high risk of GI injury.
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Though some pharmacodynamic studies have concluded
that there was a higher platelet aggregation in patients on
clopidogrel combined with PPI than clopidogrel therapy
alone [3, 4], clinical studies have inconsistent and conflict-
ing outcomes regarding concomitant use of clopidogrel and
PPI on the occurrence of cardiovascular events. Clinical prac-
tice guidelines have also offered conflicting guidance on the
significance of this interaction. In 2009, the Food and Drug
Administration (FDA) issued a warning to avoid concomi-
tant use of clopidogrel with drugs which are strong or mod-
erate CYP2C19 inhibitors such as the PPIs omeprazole and
esomeprazole. On the other hand in 2012, the American Col-
lege of Cardiology Foundation and American Heart Associ-
ation proclaimed that they did not prohibit the use of PPI
agents in appropriate clinical settings and appealed for more
randomized controlled trials (RCT) until enough clinical ev-
idence exists to inform a more evidence-based recommenda-
tion [5-8].

The results of existing meta-analyses [9-16] on the effi-
cacy and safety of clopidogrel combined with PPIs are also
inconsistent, which may cause confusion to clinicians. Some
meta-analyses [11, 14] suggested that clopidogrel combined
with PPIs can increase the incidence of adverse cardiovascu-
lar events, while others [9, 10, 12, 13, 15, 16] suggested that
PPIs do not increase adverse cardiovascular events. The prin-
cipal sources of this inconsistency are different target popu-
lations and differences in baseline characteristics of patients.
Therefore, we performed a meta-analysis based on strict in-
clusion and exclusion criteria in order to further determine
the efficacy and safety of clopidogrel combined with PPI ver-
sus clopidogrel without PPI, whether or not aspirin was used
in patients undergoing PCI, to provide evidence for clinical
treatment decision-making.

2. Methods
2.1 Literature review

Two reviewers (YYH AND RD) carefully searched the
following databases: EMBASE, PubMed/Medline, Web of
Science, the Cochrane Library and China National Knowl-
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Records identified through Pubmed/Medline(n=166), Web of Science(n=428),
Embase(n=952), the Cochrane library(n=84), CNKI(n=84) (n=1714)

[Records after duplicates removed (n = 1184 }]

[Records screened (n= 1184 ) ]4.[Records excluded (n =1090 )

Full-text
articles
assessed
for eligibility
(n=94)

— =

Full-text articles excluded(n =87), with reasons:

-the language is nat English (n=3)

-only abstract (n=16)

-data not usable (n=6)

-not RCT or cohort study (n=6)

-using other antiplatelet drugs except clopidogrel or aspirin (n=10)
-not all patients received clopidogrel or PCI (n=14)

-the intervention or control group not meet the demands (n=13)
-the outcome indicators did not meet the demands (n=2)

-Cohort studies without PSM or the baseline is not balanced (n=172

Studies included in our meta-analysis (n =7 )

Fig. 1. PRISMA flow diagram of the selection process. PRISMA flow diagram representing the selection process of papers used for meta-analysis, study

of efficacy and safety of PPI combined with clopidogrel in patients undergoing PCI. This flow chart records the steps and process of literature screening and

the reasons for exclusion.

edge Infrastructure (CNKI). The terms ‘percutaneous coro-
nary intervention’, ‘proton pump inhibitors’, clopidogrel and
their subject words and random words, and the abbrevia-
tions PCI and PPI were searched. Names of individual PPIs,
i.e. ‘omeprazole, pantoprazole, lansoprazole, esomeprazole,
ilaprazole, and rabeprazole’, were also included in our search
strategy. Any dispute was resolved by consensus of the two
primary reviewers where possible or decided by the third re-
viewer (ZX L).

The inclusion criteria for studies in the meta-analysis
were: (1) the study was a randomized controlled trial (RCT)
or cohort study; (2) every patient underwent PCI, not limited
to any particular disease diagnosis; (3) clopidogrel was used in
every patient, regardless of whether aspirin was used; (4) the
control group must be no PPI or a placebo control; (5) En-
glish language; (6) outcomes are limited to GI bleeding and
major adverse cardiac events (MACE).

The exclusion criteria included: (1) study was not an RCT
or cohort study, (e.g. crossover studies, case reports, re-
views, meta-analyses); (2) cohort study lacking propensity
score matching (PSM) or without a balanced baseline; (3)
not all patients received PCI; (4) not all patients were taking
clopidogrel; (5) patients were taking other antiplatelet drugs
besides clopidogrel or aspirin; (6) the control was not either
no PPI or a placebo; (7) outcomes are neither GI bleeding nor
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MACE; (8) no full text, such as a conference abstract.

2.2 Data extraction

The first author, publication year, country, study type, an-
tiplatelet drugs, sample size, duration of taking clopidogrel,
follow-up period and outcomes of included articles were ex-
tracted.

2.3 Outcomes and bias assessment

Outcomes of interest are GI bleeding events and MACE,
defined as the composite of death, all-cause death, cardiac
death, stroke, definite or probable stent thrombosis, nonfa-
tal myocardial infarction, occasional angina, unplanned tar-
get vessel revascularization and secondary heart failure. Dis-
agreements about study inclusion were resolved by consensus
or decided by the third reviewer.

Three RCTs and 4 cohort studies were included in this
meta-analysis. The risk of bias of RCTs was assessed from
the following aspects: random sequence generation (selec-
tion bias), allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blinding
of outcome assessment (detection bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias) and
other biases. The risk of bias of cohort studies was assessed by
the Newecastle-Ottawa scale, which contains the following as-
pects: representativeness of the exposed cohort, selection of

Volume 22, Number1, 2021



Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) | |
Incomplete outcome data (attrition bias) | |
Selective reporting (reportng bizs) N
Other bias | |
| } + } |
0% 25% 50% 75% 100%
. Low risk of bias D Unclear risk of bias .High risk of bias
B =
a
=
=
] o
= = =
2 % =
o % =<
5] [ [
2 =2 =2
= = =
- -3 = | Random seqguence generation {selection bias)
@ | @ | @ | ~nocation concealment (selection bias)
- . Elinding of paricipants and personnel {performance bhias)
-~ - =2 [ Blinding of outcome assessment {(detection bias)
-~ - = | Incomplete outcome data (attrition bias)
® | ® | @ | selective reporting (reporting bias)
-3 - =~ | Other hias
C Adequacy of follow up of cohorts

Was follow-up long enough for outcomes to occur

Assessment of outcome

Comparability of cohorts on the basis of the design or analysis

Demonstration that outcome of interest was not present atstart of study

Ascertainment of exposure

Selection of the non-exposed cohort

Representativeness of the exposed cohort

B80% 100%

Fig. 2. The risk of bias of the included studies. (A) The risk of bias graph of the included RCTs. Green represents low risk, yellow unclear risk, and red

high risk. (B) The risk of bias summary of the included RCTs. Green represents low risk, yellow unclear risk, and red high risk. (C) The risk of bias summary

of the included cohort studies. Blue represents O star, red 1 star, and green 2 stars.

the non-exposed cohort, ascertainment of exposure, demon-
stration that outcome of interest was not present at start of
study, comparability of cohorts on the basis of the design or
analysis, assessment of outcome, sufficiently long follow-up
for outcomes to occur and adequacy of follow up of cohorts.

24 Statistical analysis

RevMan5.3 software was used for the meta-analysis. Het-
erogeneity was measured using the I2-statistic test whereby
an increasing value denoted an increasing heterogeneity.
Fixed effects models were used throughout as heterogeneity
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was low heterogeneity (I> < 50%). Odds ratios (OR) with
95% confidence intervals (CI) were computed for dichoto-
mous variables and mean differences (MD) were calculated
for continuous variables. A funnel plot was used to detect
potential publication bias.

The work has been reported in line with PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) and AMSTAR (Assessing the methodological qual-
ity of systematic reviews) Guidelines.
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PPI{-) PPI(+) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Aihara, H. 2012 12 a0o 4 800 13.3% 3.05[0.98, 952 = =
Ren, . 2011 2 ah il ah 23% A12[0.24,108.20] g
Yaduganathan2016 3B 1335 16 1338 T30% 2.29[1.26, 4.119] —-
Wiei, P. 2016 13 a4 2123 B.4% 11.08[2.43, 50.51] = & =
Total (95% CI) 2005 2047 100.0% 3.06 [1.89, 4.95] -
Total events B3 22
Heterogeneity: Chi*= 379, df=3{(F=029) F=21% '001 Df1 ) 1ID 1IZIIZII

Test for overall effect: £=4.55 (P = 0.00001)

Favours [PPI(-)] Favours [PPI(+]]

Fig. 3. Analysis of GI bleeding. Forest plot of the meta-analysis depicting the comparison of GI bleeding in patients undergoing PCI in the PPI group and

the no PPI group. The size of the square represents the weight of each article, which is determined by the sample size of the article.
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Fig. 4. Analysis of GI bleeding of RCT studies. Forest plot of the meta-analysis depicting the comparison of GI bleeding of RCT studies in patients
undergoing PCI in the PPI group and the no PPI group. The size of the square represents the weight of each article, which is determined by the sample size of

the article.
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Fig. 5. Subgroup analysis of MACE based on study type. Forest plot of the meta-analysis depicting the comparison of subgroup of MACE based on study
type in patients undergoing PCI in the PPI group and the no PPI group. The size of the square represents the weight of each article, which is determined by

the sample size of the article.
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3. Results
3.1 Study selection

A total of 1714 articles was searched from EMBASE,
PubMed/Medline, Web of Science, the Cochrane Library and
CNKI. Duplicate reports (n = 530) were rejected. After read-
ing the title and abstract, 1090 articles were excluded because
they were not related to our study. Full text articles (n = 94)
were reviewed for eligibility. Of these, 87 articles were ex-
cluded because of the following reasons: (1) 3 articles were
eliminated since the written language is not English; (2) 16
articles were eliminated because they included only an ab-
stract; (3) 6 articles were eliminated for unusable data (out-
comes were reported in terms of hazard ratios, not appropri-
ate for use in meta-analysis); (4) 6 articles were eliminated
because they were not RCTs or cohort studies; (5) 10 arti-
cles were eliminated because patients were using other an-
tiplatelet drugs besides clopidogrel or aspirin; (6) 14 articles
were eliminated because not all patients received clopidogrel
or PCI; (7) 13 articles were eliminated because the interven-
tion or control group did not match our purpose; (8) 2 RCTs
were eliminated because outcomes were neither GI bleeding
nor MACE; (9) 17 cohort studies were eliminated for lack of
PSM or balanced baseline. Finally, 7 articles were included in
our meta-analysis. The study flow diagram is in Fig. 1.

3.2 Study characteristics

There are 3 RCTs and 4 cohort studies in our analysis. The
characteristics of the included articles are in Table 1. PPIs in
included studies included omeprazole, lansoprazole, panto-
prazole, and rabeprazole.

3.3 Risk of bias of included studies

Three RCTs and 4 cohort studies were included in this
meta-analysis. The 3 RCTs did not mention allocation con-
cealment, and in one RCT study, the results reported were
not completely consistent with those stated in the study de-
sign, which is considered high risk. The quality of 4 cohort
studies was relatively high. The risk of bias of included stud-
iesis in Fig. 2.
34 GI bleeding events

Four studies, three of which were RCT studies, reported
GI bleeding events. The analysis of GI bleeding is in Fig. 3.
There was low statistical heterogeneity (I> = 21%). There
were 2005 patients in the no PPI group and 2047 patients
in the PPI group. GI bleeding events were significantly less
common in the PPI group compared to the no PPI group [OR
=3.06,95% CI: 1.89 t0 4.95] (P < 0.00001). The analysis of GI
bleeding of RCT studies is in Fig. 4. These exhibited low sta-
tistical heterogeneity (I? = 47%). There were 1505 patients in
the no PPI group and 1547 patients in the PPI group. There
were significantly fewer GI bleeding events in the PPI group
compared to the no PPI group [OR = 3.06, 95% CI: 1.80 to
5.21] (P < 0.0001).
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Fig. 6. Funnel plot of MACE. Funnel plot of MACE depicting the publica-
tion bias of MACE based on study type in patients undergoing PCI in the PPI
group and the no PPI group. Funnel plot is symmetrical distribution, which

represents a low publication bias.

3.5 MACE

Seven studies reported MACE, including 3 RCTs and 4
cohort studies. The subgroup analysis of MACE based on
study type is in Fig. 5. There were 4900 patients in the no
PPI group and 5032 patients in the PPI group. There was no
statistical heterogeneity (I? = 0%). There was no significant
difference in MACE events between the PPI group and the
no PPI group [OR = 1.05,95% CI: 0.91 to 1.21] (P = 0.50). In
both RCTs and cohort studies subgroups, there was no sig-
nificant difference in MACE events between the PPI group
and the no PPI group [OR = 1.16, 95% CI: 0.87 to 1.53] (P
= 0.32), [OR = 1.02, 95% CI: 0.87 to 1.19] (P = 0.84), re-
spectively. The combination of proton pump inhibitors with
clopidogrel does not increase the incidence of MACE in pa-
tients undergoing PCI.

3.6 Publication bias

The funnel plot of MACE is in Fig. 6. The publication bias
of MACE is relatively low as evidenced by the symmetrical
funnel.

4. Discussion

Thienylpyridines are P2Y12 receptor competitive in-
hibitors, including ticlopidine, clopidogrel, prasugrel. Clopi-
dogrel is the most commonly used thiophene pyridine drug in
clinic. It can inhibit ADP activated platelets by blocking the
ADP receptor P2Y12 on the surface of platelets. Clopidogrel
is a prodrug (i.e. active only upon metabolization), which can
selectively and irreversibly bind to ADP receptor P2Y12 on
the surface of platelets after being oxidized and hydrolyzed by
CYP450 enzyme. It can inhibit the binding of fibrinogen to
platelet glycoprotein GP IIb/Illa receptors and the activation
of glycoprotein GP IIb/IIla complex mediated by ADP, thus
inhibiting platelet aggregation. Since PPIs are mainly metab-
olized through liver P450 enzymes, the isoenzymes involved
in metabolism mainly include CYP2C19 and CYP3A4. From

171



zlL

LZOZ ‘LIaquInN ‘ZZ aWn|oA

Table 1. Characteristics of the included articles

Author Year Country Study type Anti-platelet drugs Loading dose (mg) Mainte-nance dose (mg/d) PPI type PPI dose (mg/d) Control Taking clopi-dogrel Follow up period Outcomes
Ren, Y. [17] 2011 China RCT C+A C600 + A300 C75 + A100 (6] 20 placebo 12-18 months 1 month MACE
GI bleeding
Vaduganathan, M [18] 2016 America RCT C+A n.r. C75 + A75-325 (0] 20 placebo 12 months 6 months MACE
GI bleeding
Wei, P. [19] 2016 China RCT C+A C600 + A500 C75 + A100 P 40 blank n.r. 6 months MACE
GI bleeding
Aihara, H. [20] 2012 Japan Cohort study C+A n.r. C75 + A200 L/O/R n.r. blank 12 months 12 months MACE
GI bleeding
Harjai, K.J. [21] 2011 America Cohort study C+A n.r. C75 n.r. n.r. blank 12 months 6 months MACE
Zairis, M.N. [22] 2010 Greece Cohort study C+A C600 or C300 C75 + A100-325 (0] n.r. blank 12 months 12 months MACE
Zhu, P. [23] 2017 China Cohort study C+A C300 + A300 C75 + A100 n.r. n.r. blank 12 months 24 months MACE

n.r. = not reported; C = clopidogrel; A = aspirin; O = omeprazole; L = lansoprazole; R = rabeprazole; P = pantoprazole.



the perspective of drug metabolism, both clopidogrel and PPI
are metabolized through CYP2C19, so drug interaction may
occur when they are combined because they compete for the
same binding site of CYP2C19. The degree and result may
depend on the relative affinity of each drug with CYP2C19.
Drugs with higher affinity will bind with CYP2C19 and
inhibit the biotransformation of drugs with lower affinity.
Therefore, we should pay attention to the drug effects of
clopidogrel combined with PPI. Omeprazole has the most ob-
vious potential antiplatelet effect on clopidogrel. PPIs with
low affinity for CYP2C19, such as pantoprazole and rabepra-
zole, are recommended [24].

Some meta-analyses [11, 14] have suggested that clopido-
grel combined with PPIs can increase the incidence of adverse
cardiovascular events, while others [9, 10,12, 13, 15, 16] have
suggested that PPIs do not increase adverse cardiovascular
events. The inconsistency of the results of existing meta-
analyses on the topic whether PPI can increase the probabil-
ity of MACE in patients taking clopidogrel [9-16], may come
from the following issues:

(1) The target population is inconsistent. Some meta-
analyses [11] are aimed at patients with coronary heart dis-
ease, some [14, 16] are aimed at patients with acute coro-
nary syndrome and/or undergoing PCI, and some studies
[9, 10, 13, 15] have no limitation on disease diagnosis.

(2) The follow-up time was inconsistent. Some meta-
analyses [11, 13] included studies for at least 3 months follow-
up period, some meta-analyses [9, 14] included studies for at
least 6 months follow-up period, and some [15, 16] included
studies with a 7-day follow-up period.

(3) The types of studies included were inconsistent. Some
meta-analyses [12] included only RCT studies, while oth-
ers [10, 11, 13-16] included both RCT and cohort studies.
Also cohort studies without PSM or without balanced base-
line were included in some meta-analyses.

(4) The antiplatelet drug is inconsistent. In some meta-
analyses [11, 12, 15] it is the dual antiplatelet therapy com-
bination of aspirin and clopidogrel, in some [13, 14, 16] it
is only clopidogrel, without mention of whether aspirin was
used.

Our study had strict inclusion and exclusion criteria. The
target population was patients who underwent PCI. The dis-
ease diagnosis was not limited. We excluded studies in which
not every patient underwent PCI. We included both RCTs
and cohort studies after PSM or with balanced baseline. We
excluded studies in which not every patient was taking clopi-
dogel or patients were taking other antiplatelet drugs besides
clopidogrel or aspirin.

It is worth mentioning that among the excluded cohort
studies without balanced baseline, PPI tends to be given to
PCI patients with high risk of bleeding, but the assessment
for high risk of bleeding was not consistent. In order to pro-
vide consistency in defining this population for clinical trials,
ARC-HBR consensus definition has been proposed [25] and
validated in large cohorts of patients undergoing PCI [26, 27].
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We will pay attention to this field and when there are at least 3
clinical studies on the effect of clopidogrel combined with PPI
on PCI patients with high risk of bleeding according to ARC-
HBR consensus definition, we will include this factor and up-
date the meta-analysis. The purpose of this meta-analysis was
to compare the safety and efficacy of clopidogrel combined
with PPIs in patients undergoing PCI. Seven studies involv-
ing 9932 patients after PCI were included in this study. The
results showed that clopidogrel combined with PPI did not
increase the incidence of MACE, while use of PPI reduced
the incidence of GI bleeding events.

5. Limitations

Due to the strict inclusion and exclusion criteria, we in-
cluded relatively few studies. One limitation of our meta-
analysis is no subgroup identification of PPIs. We attempted
to study specific PPIs, but the amount of literature is too small
to support subgroup reporting. Another limitation of our
meta-analysis is that the composite MACE outcomes were
not defined and reported uniformly among the pooled stud-
ies. MACE in our meta-analysis is the composite of death,
all-cause death, cardiac death, stoke, definite or probable
stent thrombosis, nonfatal myocardial infarction, occasional
angina, unplanned target vessel revascularization and sec-
ondary heart failure. We did not evaluate a specific MACE
element because not every specific MACE was reported in
every included study. Therefore, a larger number of RCT's
and cohort studies are still necessary to clarify this question
and offer evidence for clinical decision- making.

6. Conclusions

For PCI patients taking clopidogrel and PPI therapy, PPI
reduced the risk of GI bleeding while having no impact on
MACE.

Abbreviations

MACE, major adverse cardiovascular events; PCI, percu-
taneous coronary intervention; PPI, proton pump inhibitors;
PSM, propensity score matching.
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