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Abstract
Background Proton pump inhibitors (PPIs) are commonly prescribed for gastroprotection in patients undergoing 
percutaneous coronary intervention (PCI), who are at increased risk of gastrointestinal bleeding due to antiplatelet 
therapy. However, emerging evidence suggests that PPIs may adversely impact cardiovascular outcomes. This 
systematic review and meta-analysis sought to assess the relationship between using PPIs and cardiovascular 
outcomes in patients following PCI.

Methods We searched various databases up to March 15, 2024, for observational studies and randomized controlled 
trials (RCTs) assessing the cardiovascular effects of PPIs in PCI patients. Data were extracted on study characteristics, 
patient demographics, PPI use, and cardiovascular outcomes. The Newcastle-Ottawa Scale and Cochrane Risk of Bias 
Tool 2 assessed study quality. Meta-analyses were conducted using a random-effects model using R software version 
4.3.

Results A total of 21 studies involving diverse populations and study designs were included. Observational studies 
suggested a moderate increase in risk for composite cardiovascular diseases (CVD), myocardial infarction (MI), and 
major adverse cardiac events (MACE) associated with PPI use, with pooled hazard ratios (HRs) of 1.20 (95% CI: 1.093–
1.308) for CVD, 1.186 (95% CI: 1.069–1.303) for MI, and 1.155 (95% CI: 1.001–1.309) for MACE. However, RCTs showed 
no significant link between PPI therapy and negative cardiovascular events (Relative Risk: 1.016, 95% CI: 0.878–1.175). 
Substantial heterogeneity was observed among observational studies but not RCTs.
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Introduction
Percutaneous coronary intervention (PCI), commonly 
referred to as coronary angioplasty, is a minimally inva-
sive technique employed to address obstructive coronary 
artery disease [1, 2]. It involves the insertion of a cath-
eter into the blocked coronary artery and the subsequent 
balloon inflation to dilate the artery and improve blood 
flow. A stent (a small mesh tube) is frequently implanted 
to keep the artery open. PCI has revolutionized the treat-
ment of coronary artery disease, offering an effective 
alternative to open-heart surgery for many patients [3].

While PCI has proven to be a life-saving procedure for 
countless individuals, it is not without potential com-
plications. One significant concern is the increased risk 
of gastrointestinal (GI) bleeding, particularly among 
patients who require concomitant antiplatelet therapy, 
such as aspirin and P2Y12 inhibitors like clopidogrel or 
prasugrel [3]. While essential for preventing stent throm-
bosis and reducing the risk of adverse cardiovascular 
events, these medications can increase the likelihood of 
GI bleeding by impairing platelet function [4].

To mitigate this risk, proton pump inhibitors (PPIs) 
are often prescribed prophylactically to patients under-
going PCI. PPIs are a class of medications that potently 
suppress gastric acid secretion, thereby reducing the 
risk of peptic ulcers and GI bleeding [5]. Clinical prac-
tice guidelines and expert consensus recommendations 
support their widespread use in this setting. However, 
studies have raised concerns about potential adverse car-
diovascular outcomes linked with PPI use, particularly in 
individuals with established cardiovascular illnesses [6, 
7]. These concerns stem from various proposed mecha-
nisms, including the ability for PPIs to interfere with the 
antiplatelet effects of clopidogrel, alter endothelial func-
tion, promote vascular calcification, and disrupt the gut 
microbiome, which may have systemic implications for 
cardiovascular health [8].

Numerous observational studies and meta-analyses 
have explored the relationship between the use of PPIs 
and cardiovascular outcomes [6, 8, 9]. However, the 
results have been inconsistent, often marred by method-
ological heterogeneity and potential confounding factors. 
While some studies indicate an elevated risk of adverse 
cardiovascular events such as myocardial infarction (MI), 
stroke [10], and cardiovascular mortality associated with 

PPI use, others report no significant connections or even 
propose potential protective effects [6, 9]. However, sys-
tematic reviews focusing specifically on populations that 
have undergone PCI are sparse. Additionally, previous 
meta-analyses have not included many recent studies 
potentially relevant to this topic.

Given the widespread use of PPIs in patients undergo-
ing PCI and the potential implications for cardiovascular 
outcomes, it is crucial to thoroughly evaluate the avail-
able evidence and provide clarity on this contentious 
issue. This systematic review and meta-analysis aim to 
address this critical knowledge gap by rigorously evaluat-
ing the current literature on the relationship between PPI 
use and adverse cardiovascular outcomes in patients who 
have undergone PCI.

Methods
A protocol for this study was registered with the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO). The review was performed adhering to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [11] (Table S1).

Eligibility criteria
We included observational studies cross-sectional, 
cohort, case-control and randomized controlled tri-
als (RCTs) that assessed the link between PPI use and 
adverse cardiovascular outcomes in patients who had 
undergone PCI. Eligibility criteria were established to 
focus on adult participants (18 years and older) who had 
undergone PCI, with the intervention of interest being 
using proton pump inhibitors post-procedure. Compara-
tors included patients not using PPIs post-PCI or those 
assessed for baseline cardiovascular risk before PPI use. 
The primary outcomes targeted were myocardial infarc-
tion, stroke, cardiovascular mortality, and composite 
outcomes of these. We limited inclusion to observational 
studies and RCTS, excluding case reports, editorials, and 
reviews to ensure the empirical validity of the systematic 
review.

Information sources and search strategy
A literature search was conducted in databases including 
PubMed, EMBASE, and Web of Science, from inception 
to March 15, 2024, with no language restrictions. The 

Conclusion The findings indicate that while observational studies suggest a potential risk of adverse cardiovascular 
events with post-PCI use of PPI, RCTs do not support this association. Further large-scale, high-quality studies are 
required to understand the cardiovascular implications of individual PPIs better and optimize patient management 
post-PCI. This analysis shows the complexity of PPI use in patients with coronary artery diseases and the necessity to 
balance gastroprotective benefits against potential cardiovascular risks.
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search strategy combined terms related to “proton pump 
inhibitors,” and “cardiovascular outcomes.” An experi-
enced librarian reviewed the search strategy to ensure 
comprehensiveness. The full search strategy is given in 
Table S2.

Study selection
Titles and abstracts were initially screened for eligibil-
ity by two independent reviewers, followed by a detailed 
full-text evaluation of studies that potentially met the 
inclusion criteria. Any disagreements among the review-
ers were settled by consulting a third reviewer. We used 
a semi-automated software (Nested-Knowledge, MN, 
USA) for screening. The selection process was docu-
mented and presented in a PRISMA flow diagram.

Data extraction
A data extraction form was used to collect data from 
included studies, such as study characteristics, partici-
pant demographics, details of PPI use, cardiovascular 
outcomes, and confounders adjusted for in the analysis. 
Two reviewers performed data extraction independently, 
with difference of opinion resolved through discussion 
or involving a third reviewer. We employed the tagging 
function of Nested-knowledge for data extraction.

Risk of Bias Assessment
Appropriate methodologies were employed to assess the 
quality of the studies incorporated in this analysis. The 
Newcastle-Ottawa Scale was used for observational stud-
ies, and the Cochrane Risk of Bias Tool 2 (RoB-2) was 
applied to RCTs. Two independent evaluators carried out 
these assessments. In cases of divergent opinions, reso-
lutions were achieved by either reaching a consensus or 
involving a third reviewer for additional input.

Data synthesis and analysis
Meta-analysis used a random-effects model to account 
for potential heterogeneity across studies. We pooled 
hazard ratios (HRs) and confidence intervals for cardio-
vascular outcomes. Relative risks (RRs) were also calcu-
lated from RCTs. Heterogeneity was quantified using the 
I² statistic, and τ² was estimated to assess the variance 
between studies [12]. Subgroup analyses were conducted 
based on the type of PPI and specific cardiovascular out-
comes. The evaluation of publication bias was performed 
using funnel plots and Egger’s test. All statistical analyses 
were carried out using the R statistical software package 
(version 4.3), employing the “meta” and “metafor” pack-
ages for meta-analysis tasks [13].

Results
Literature search
The literature search across various databases yielded 
a total of 4,975 records. After removing 2,706 dupli-
cate records, 2,269 records were screened. Subsequent 
evaluation excluded 2,104 records, leaving 165 reports 
that were sought for retrieval. All 165 full-text reports 
underwent evaluation to determine their eligibility. Out 
of these, 144 were excluded due to the following reasons: 
the outcome of interest was not reported in 73 articles, 
the exposure was not of interest in 24 articles, and the 
population was out of scope in 47 articles. Ultimately, 
21 studies met the inclusion criteria and were included 
in qualitative and quantitative analyses [14–34]. Figure 1 
depicts the PRISMA flow diagram of the process.

Characteristics of included studies
The included studies in this systematic review exhibited 
a range of designs, geographic locations, and outcome 
measures. Table 1 displays the important characteristics 
of included studies. They predominantly comprised ret-
rospective cohort studies, RCTs, and a few prospective 
cohort studies. Geographically, the studies were diverse, 
originating from multiple countries including China, the 
Netherlands, Italy, Sweden, Japan, the USA, and oth-
ers, reflecting a global perspective on the subject. The 
mean age of participants across the studies ranged from 
approximately 59 to 71 years, indicating a predomi-
nantly older adult population. Male predominance was 
noted in most studies, with the percentage of male par-
ticipants varying from around 24.7–82.36%. Sample sizes 
varied widely, from small-scale studies with as few as 86 
participants to large cohorts involving up to 99,836 indi-
viduals. Regarding medications, the studies focused on 
patients who had undergone PCI and were prescribed a 
range of antiplatelet therapies including aspirin, clopi-
dogrel, ticagrelor, and others. The type of population 
within these studies included those with acute coronary 
syndromes (ACS), stable angina, and those undergoing 
elective or emergent PCI. A variety of PPIs were inves-
tigated, including omeprazole, pantoprazole, esomepra-
zole, and lansoprazole. Follow-up periods also showed 
variability, ranging from 30 days to up to 3 years, allow-
ing for short-term and long-term outcome assessments. 
The HRs for cardiovascular outcomes, where reported, 
were provided with 95% CIs, revealing a range of associa-
tions from non-significant to moderately increased risks 
in observational studies. Adjusted variables in the studies 
were comprehensive, including factors such as sex, age, 
body mass index (BMI), diabetes, hypertension, previous 
MI, and others. However, not all studies provided details 
on adjusted variables. Risk of bias assessment if given in 
Table S3 and Table S4.
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Table 2 presents the clinical characteristics of patients 
from various studies. Observational studies generally 
report higher rates of common comorbidities such as 
hypertension and hyperlipidemia/dyslipidemia, with 
pooled prevalences of 68.3% and 64.1% respectively. 
Prevalence of diabetes and smoking was also noted 
among the patients. A significant observation is the 
detailed reporting of prior cardiovascular interventions 
and conditions (such as prior PCI, CABG, MI, PAD, and 
strokes) in observational studies, unlike in RCTs, where 
such information may be underrepresented or selectively 
excluded. There are noticeable differences in the reported 

rates of conditions, indicating differences in the popula-
tions studied.

PPI use and CVD outcomes from observational studies
Observational studies investigating the association 
between PPI use and CVDs in PCI patients, a diverse 
array of studies reported on various CVD outcomes. The 
pooled HR across studies suggested a moderate relation-
ship between PPI use and elevated risk of any CVD out-
come, with a pooled HR of 1.20 (95% CI: 1.093–1.308). 
This indicates that PPI use was associated with an 
approximately 12% increase in the risk of any cardiovas-
cular event. Individual study HRs varied considerably, 

Fig. 1 PRISMA flow diagram depicting article screening and selection process
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with some studies showing a significantly increased risk 
of specific CVD outcomes, such as coronary revascular-
ization, MI, and stroke, while others reported non-sig-
nificant associations (Fig.  2). The heterogeneity among 
studies was moderate, with an I² value of 51%, and the 
τ² statistic was 0.0206, indicating some variability in the 
true effect sizes across studies. The p-value for heteroge-
neity was less than 0.01, confirming the presence of sta-
tistically significant heterogeneity. The 95% prediction 
interval was calculated from 0.859 to 1.542.

The pooled HR for MACE was calculated at 1.155 (95% 
CI: 1.001–1.309), signifying a statistically significant 
increase in the risk of MACE associated with PPI use. 
This indicates that the use of PPIs was associated with a 
15.5% increased risk of major cardiac events, including 
myocardial infarction, stroke, or cardiovascular death. 
There was moderate heterogeneity observed across the 
included studies, with an I² of 60% and a τ² of 0.0201, 
which suggests variability in the effect estimates that the 
individual studies reported. The p-value for heterogene-
ity was 0.02, indicating the presence of statistically sig-
nificant variability among the study outcomes (Fig.  3). 
The 95% prediction interval was calculated from 0.738 to 
1.571.

The overall pooled HR for MI was determined to be 
1.186 (95% CI: 1.069–1.303), indicating an approximately 
18.6% increased risk of myocardial infarction associated 
with the use of PPIs. This finding suggests a significant 
association between PPI use and the occurrence of MI 
in the studied populations. Heterogeneity amongst the 
included studies was minimal, with an I² value of 3% and 
τ² of 0.0039, suggesting a high level of consistency in the 
effects reported across studies. The p-value for hetero-
geneity was 0.41, further indicating that there was not 
significant variation between the studies’ results (Fig. 4). 
The 95% prediction interval was calculated from 0.982 to 
1.389.

In the analysis of studies examining the risk of stroke 
linked with PPI use, the pooled HR was found to be 1.129 
(95% CI: 0.720–1.539). This suggests a potential 12.9% 
increase in the risk of stroke among PPI users compared 
to non-users, although the confidence interval indicates 
that this increase may not be statistically significant. The 
heterogeneity among the included studies was moderate 
with an I² value of 52% (Fig. 5).

PPI use and CVD outcomes from RCTs
Six RCTs reported CVD outcome with PPI use in patients 
undergoing PCI. In this meta-analysis of RCTs assessing 
the relationship between PPI use and CVD outcomes, the 
pooled RR was found to be 1.016 (95% CI: 0.878–1.175). 
This analysis 3,740 individuals in the PPI group and 3,606 
individuals in the control group, with a total of 665 and 
638 cardiovascular events, respectively. The overall 

heterogeneity among the studies was low, with an I² of 
30%, and a tau-squared (τ²) of 0.0050, indicating relatively 
little variation between the study outcomes. The p-value 
for heterogeneity was 0.19, suggesting that there is no 
statistically significant inconsistency across the included 
studies (Fig. 6).

Publication bias
We used funnel plot and Egger’s test to evaluate the pub-
lications bias (Figures S1 and S2). The analysis revealed 
no significant publication bias for either observational 
studies (Egger’s test p-value = 0.335) or RCTs (Egger’s test 
p-value = 0.907).

Discussion
This meta-analysis critically evaluates the relationship 
between PPI use and adverse cardiovascular outcomes 
following PCI. Amid conflicting evidence from obser-
vational studies and RCTs, our analysis offers a contem-
porary synthesis, casting light on a controversial topic in 
cardiovascular pharmacotherapy. While PPI treatment 
was associated with an elevated risk of adverse cardiovas-
cular outcomes in meta-analyses of observational studies, 
no such association was observed in patients with PCI in 
the RCT meta-analysis.

There are several proposed mechanisms by which PPIs 
may elevate the CVD risk. co-administration of PPIs and 
dual antiplatelet therapy (DAPT) may elevate cardio-
vascular risk. Prior research suggests that PPI treatment 
could reduce aspirin’s absorption and oral bioavailability 
by inhibiting gastric acid secretion. Some PPIs, includ-
ing omeprazole and esomeprazole, share a metabolic 
pathway with clopidogrel, a prodrug, potentially affecting 
its antiplatelet function through competitive enzymatic 
interaction. Additional hypotheses suggest that PPIs may 
elevate plasma levels of asymmetric dimethylarginine, 
which inhibits nitric oxide synthase, thereby disrupting 
nitric oxide synthesis. PPIs may also undermine the effec-
tiveness of clopidogrel due to shared cytochrome P450 
metabolism, leading to concerns about their concurrent 
use and potential for cardiovascular harm.

Our meta-analysis of RCTs revealed no significant link 
between PPI use and cardiovascular outcomes in PCI 
patients, with minimal study heterogeneity. Conversely, 
the observational studies meta-analysis showed a signifi-
cant increase in composite CVD, MACE, and MI risks, 
but not for stroke. The variability in outcomes might be 
ascribed to differences in study designs, populations, and 
confounder adjustments. Inherent biases and unmea-
sured confounding factors, though mitigated, remained 
a concern. The discrepancy between observational stud-
ies and RCTs may stem from the former’s inherent biases 
and the latter’s controlled environment, better capturing 
the intervention’s true effect. Moderate heterogeneity 
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was detected among RCTs included in this meta-analysis, 
but unmeasured confounders appeared more impactful 
in the observational studies meta-analysis. Inconsisten-
cies suggest that the increased risk observed in patients 
on PPI therapy could reflect their higher inherent risk 
due to poor prognosis, regardless of PPI use. In real-
world practice, patients with high bleeding risk are more 
likely to receive proton pump inhibitors PPIs than those 
without high bleeding risk, and these patients also pos-
sess high ischemic risk. Therefore, patients who are pre-
scribed PPIs may have high ischemic risks. This could 
be a reason for the discrepancy between the results of 
observational studies and RCTs.

Assessing the combined PPI effect should consider 
individual drug profiles rather than amalgamating data 
from multiple drugs in a class. Although we aimed to 
lessen the impact due to discrepancies in baseline char-
acteristics among patients using PPIs and non-users 
through adjusted estimates from each study, some pro-
vided only unadjusted data.

Several prior meta-analyses have examined the link 
between PPI use and the risk of CVD. For instance, Jeridi 
et al.‘s analysis indicated that PPIs, as a category of drugs, 
did not correlate with a heightened risk of cardiovascu-
lar events [6]. Nonetheless, mixed outcomes emerged 
for concurrent use of PPIs with clopidogrel. Specifi-
cally, examining omeprazole’s impact on cardiovascular 
well-being suggested no adverse effects. Another meta-
analysis from prospective observational studies implied 
that short-term PPI use for treating gastroesophageal 
conditions did not elevate the risk of initial cardiovascu-
lar incidents [9]. The reported increase in cardiovascular 
mortality has been largely attributed to publication bias 
and the inherent biases of observational studies, such as 
unmeasured confounding variables and indication bias. 
Considering these findings alongside RCT outcomes, it 
appears dubious to consider PPI consumption as an inde-
pendent CVD risk factor, separate from any potential 
interaction with clopidogrel.

The clinical implications of this study are significant 
for the management of patients PCI. The divergent find-
ings from observational studies and RCTs underscore 
the necessity for clinicians to critically evaluate the use 
of proton PPIs in the context of DAPT. Given that PPIs 
are widely prescribed to mitigate gastrointestinal bleed-
ing risks in patients on antiplatelet therapy, understand-
ing their potential cardiovascular impact is paramount. 
While observational studies suggest an increased risk of 
adverse cardiovascular events with PPI use, RCTs do not 
corroborate this finding. Therefore, it may not be neces-
sary to universally avoid PPIs in patients post-PCI if they 
have a clear indication for their use, particularly in those 
with a high risk of gastrointestinal complications. Clini-
cians should consider the individual patient’s risk profile, St
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Fig. 3 Forest plot depicting association of PPI use and risk of MACE in patients underwent PCI from observational studies

 

Fig. 2 Forest plot depicting association of PPI use and risk of any CVD in patients underwent PCI from observational studies
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Fig. 6 Forest plot depicting association of PPI use and any CVD outcome in patients underwent PCI from RCTs

 

Fig. 5 Forest plot depicting association of PPI use and risk of stroke in patients underwent PCI from observational studies

 

Fig. 4 Forest plot depicting association of PPI use and risk of MI in patients underwent PCI from observational studies
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the specific PPI being prescribed, and the potential for 
drug-drug interactions, particularly with clopidogrel.

Future research should focus on large-scale, prospec-
tive studies that can control for the wide array of con-
founding factors not accounted for in observational 
studies. Investigations should delineate the cardiovas-
cular risks associated with individual PPIs, as there may 
be variability within this drug class. There is also a need 
for further pharmacodynamic studies to understand the 
interactions between PPIs and DAPT, especially with 
newer antiplatelet agents. Additionally, genomic stud-
ies may provide insights into the variability of patients’ 
responses to combined PPI and antiplatelet therapy.

The present study has a few limitations. The inclusion 
of studies was restricted to those published exclusively in 
English, potentially introducing language bias and omit-
ting relevant data available in other languages. Most 
included studies adjusted for multiple confounders, but 
the adjustment variables varied significantly between 
studies, potentially leading to residual confounding. 
Also, the analysis depended heavily on the quality of 
the included studies, where the presence of unreported 
biases within the original studies could skew the meta-
analysis results. The analysis of observational studies may 
be particularly susceptible to indication bias, as patients 
prescribed PPIs might have had higher baseline risks 
for cardiovascular events. The scope of PPIs reviewed 
was broad, and individual PPI effects, which may vary 
significantly in terms of cardiovascular risk, were not 
extensively differentiated, which could mask specific 
risks associated with particular PPIs. These limitations 
indicate the requirement for cautious interpretation of 
the findings and suggest a pressing need for more tar-
geted research that can provide clearer insights into the 
cardiovascular safety of specific PPIs in the post-PCI set-
ting. While PPIs are essential for gastrointestinal protec-
tion, especially post-PCI, their potential cardiovascular 
risks warrant a tailored approach. Further investigations 
should focus on individual PPIs and consider patient-
specific factors to refine our understanding of the car-
diovascular implications of PPI use. Furthermore, studies 
should focus on individual PPIs rather than combines 
effect of PPI class.

Conclusion
The current evidence is insufficient to establish a defini-
tive relationship between PPI use and adverse cardio-
vascular events in individuals undergoing PCI due to 
conflicting results between RCTs and observational stud-
ies. More comprehensive, high-quality studies are needed 
to clarify this relationship, particularly studies that can 
better control for confounding factors and provide a 
more nuanced analysis of the effects of individual PPIs.
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