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Background: Proton pump inhibitors (PPIs) are commonly prescribed medications that are thought to increase the risk of 
cardiovascular events because they reduce the effectiveness of clopidogrel via shared hepatic pathways.
Objective: This study examined the prevalence of concomitant prescribing of clopidogrel/PPI among patients diagnosed with acute 
coronary syndrome and the adverse cardiovascular event associated with this interaction.
Methods: A retrospective cohort study was conducted by retrieving patient data from the Nat Health Insurance claims processor 
database in Palestine. Adults diagnosed with Acute Coronary Syndrome (ACS) from 2019 through 2021 who were prescribed 
clopidogrel or clopidogrel in combination with a PPI were included in the study. Endpoints were adverse cardiac events, including 
readmission for revascularization during the first year of treatment.
Results: The study included 443 patients; the prevalence of prescribing concomitant clopidogrel with a PPI was 74.7%, whereas 
49.2% were prescribed interacting PPI (omeprazole, esomeprazole, and lansoprazole). 59 (13.3%) of participants experienced 
a cardiovascular event within 1 year of starting therapy, including 27 (12.4%) patients who had a cardiovascular event while taking 
an interacting PPI. No significant association was found between PPI administration and increased CV event risk in patients receiving 
concomitant clopidogrel and PPIs therapy (p = 0.579).
Conclusion: In this study, we observed a high prevalence of prescribing a PPI in combination with clopidogrel, regardless of the FDA 
recommendations. No significant increase in cardiovascular events was observed in patients receiving concomitant clopidogrel and PPI 
therapy.
Keywords: clopidogrel, PPI, proton pump inhibitors, cardiovascular disease, cardiovascular event, drug-drug interaction, PPIs 
interactions, clopidogrel PPI combinations

Introduction
Proton pump inhibitors (PPIs) and clopidogrel are commonly prescribed medications that share a common metabolic pathway. 
Clopidogrel is an antiplatelet medication indicated for many cardiovascular disorders, including acute coronary syndrome 
(ACS), stable ischemic heart disease, and percutaneous coronary intervention to reduce the risk of ischemic cardiac events.1,2

Clinical guidelines recommend antiplatelet therapy for the secondary prevention of atherosclerotic cardiovascular 
disease (ASCVD).3 Clopidogrel is a prodrug that is biotransformed in the liver via cytochrome P450 enzymes, including 
CYP2C19. Clopidogrel’s active metabolite binds irreversibly to platelet ADP receptor P2Y12, preventing ADP-induced 
platelet aggregation.4–6

PPIs are anti-acid secretory medications used for the prophylaxis or treatment of many gastrointestinal disorders. 
Clinical guidelines recommend PPIs for patients who require dual antiplatelet therapy (clopidogrel and aspirin) to reduce 
the risk of duodenal-gastric bleeding complications by reducing gastric acid secretions.5,7–9

PPIs are inhibitors of the isoenzyme CYP2C19 and are co-substrates for CYP3A4 (omeprazole being predominantly 
metabolized by this pathway, followed by esomeprazole and lansoprazole).10,11 The concomitant use of PPIs and 
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clopidogrel may diminish clopidogrel activity in preventing platelet aggregation by inhibiting major enzymes that 
activate the conversion of clopidogrel into its active metabolite.5 This interaction could be clinically significant, 
increasing the risk for cardiovascular events such as myocardial infarction (MI), recurrent ACS, rehospitalization, stroke, 
angina, coronary artery bypass graft (CABG), or even death.12

In 2009 the food and drug administration (FDA) requested a product labeling change that recommends avoiding 
omeprazole and esomeprazole with clopidogrel due to the significance of this interaction.8 Nevertheless, in 2012, the 
American College of Cardiology Foundation and the American Heart Association announced not to ban the use of PPI 
and clopidogrel in appropriate clinical settings.13 Literature has conflicting data on the clinical significance of this 
interaction.14 In a recent meta-analysis, concomitant PPI and clopidogrel treatments increased the risk of major 
cardiovascular events.15 A study conducted in 2017 evaluated the effect of six PPIs on the antiplatelet effect of 
clopidogrel and showed no significant interaction between PPIs and clopidogrel in healthy patients and that the 
interaction may only be applicable in specific clinical settings.6

The severity of this interaction may vary across different PPIs; for example, a significant interaction is associated with 
omeprazole, whereas pantoprazole is less likely to interact with clopidogrel and should be used in situations where both 
clopidogrel and PPI are indicated; pantoprazole did not increase the rate of ischemic stroke among clopidogrel users.16,17 

Furthermore, Histamine 2 receptor antagonists (H2RAs) are proposed as a safer alternative to PPIs.18

A high prevalence of prescribing PPIs among cardiovascular patients receiving antiplatelet therapy has been reported by 
many studies; furthermore, inappropriate prescribing of PPIs has been documented.19–22 However, no studies have been 
conducted in Palestine to determine physician adherence to the FDA recommendations when prescribing PPIs and clopidogrel 
and the clinical interaction associated with this combination. In this study, we utilized data from the Nat Health Insurance 
claim processor to examine the prescriber’s adherence to FDA recommendations and evaluate whether each of the four PPIs 
(omeprazole, esomeprazole, pantoprazole, and lansoprazole) is associated with an increased risk of cardiovascular events 
when used concomitantly with clopidogrel.

Materials and Methods
Study Design
A retrospective cohort observational study reviewed three years of data from January 1, 2019, to December 31, 2021. 
The data were retrieved from Nat Health, a major health insurance claims processor in Palestine. This study included all 
patients aged ≥ 18 years who were initially prescribed clopidogrel 75 alone or combined with any PPI. The study 
endpoints were an adverse cardiovascular event, defined as any inpatient hospitalization for acute MI, angina, CABG, or 
recurrent ACS during the first year of therapy. In addition, the study excluded patients with no follow-up history, missing 
prescription refills, or missing medical information (Figure 1).

A data collection form was designed to collect patient information and was divided into four sections. The first section 
included patients’ ID, age range, and gender, and the second section included patient medication history (clopidogrel, aspirin, 
PPIs, and H2-receptor antagonist (H2RA) and duration of treatment, and the third section consisted of patient comorbidities as 
classified the Charlson Comorbidity Index (CCI). These comorbidities included: a history of myocardial infarction (MI), 
congestive heart failure (CHF), stroke, dementia, chronic obstructive pulmonary disease (COPD), peptic ulcer disease (PUD), 
diabetes mellitus (DM), liver disease, chronic kidney disease (CKD), cancer and hemiplegia. Finally, Section four included 
hospital admissions for adverse cardiovascular outcomes during the study period based on the International Classification of 
Diseases (ICD-9) diagnosis code. All data were collected in an Excel spreadsheet. During the study period, patients were assessed 
for adverse cardiac events while taking clopidogrel with or without PPI concurrently. Furthermore, the prevalence of clopidogrel 
prescriptions combined with PPIs was evaluated.

Statistical Analysis
Statistical Package for the Social Sciences version 22 was used to analyze the data with 95% confidence intervals (CIs) 
and a 5% accepted margin of error. Recoding of data was done to re-categorize variables as needed. Descriptive statistics 
were used to analyze the data. The chi-square test was used to measure the association between the possibility of having 
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a CV event and independent variables. One sub-analysis categorized patients into two groups: Group one included 
pantoprazole, H2RA, or no anti-acid (least likely to interact with clopidogrel), and group two included omeprazole, 
esomeprazole and lansoprazole (more likely to interact with clopidogrel), to calculate the association concerning 

Medical record 
reviewed for Nat 
Health Insurance

Missing data,  
others excluded

Patients over 18 
on Clopidogrel

Patient on 
Clopidogrel 

alone
Fpllow up to 
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End of 12 
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Developing 
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Acute MI
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Recurrent ACS 
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Figure 1 Study Flow Chart.
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cardiovascular events. Binary logistic regression was performed to identify which subgroup had a significant effect on the 
potential for developing CV events. Another sub-analysis among patients who developed CV events was conducted to 
assess the association between the time to CV events and PPIs administration using the Mann–Whitney test.

Ethical Consideration
This study was approved by the Institutional Review Board (IRB) committee of the Faculty of Pharmacy at Birzeit 
University. (Reference number: BZUPNH2101). This was a retrospective observational study; all patient data were 
anonymized and de-identified. Therefore, the requirement for written informed consent was waived. The study complies 
with the Declaration of Helsinki.

Results
Demographic Data
(Table 1) presents the characteristics of the study participants. A total of 443 patients who received 75 mg of clopidogrel 
and met the inclusion criteria were included in the study cohort. Among these, 359 (81%) were male, 156 (35.2%) were 
between 51–60 years old, and the most common comorbidities were hyperlipidemia (n=239), hypertension (n=211), and 
diabetes mellitus (n=187). Additionally, three-quarters of patients, 331 (74.7%), had used a PPI concurrently with 
clopidogrel (75 mg), and only 10 (2.3%) patients had received H2 blockers with clopidogrel. Fifty-nine (13.3%) patients 
experienced cardiovascular events.

Cardiovascular Events Associations with Participant Characteristics of the Study
As shown in (Table 2), there was no significant association between PPI administration with clopidogrel and an increased 
risk of CV events (p= 0.768), as 13.6% of PPI participants developed CV events, while 12.5% of none PPI administrators 

Table 1 The Characteristics of the Sample (N= 443)

Variable Category n (%)

Gender Female 84 (19.0)

Male 359 (81.0)

Age 40 or less 41 (9.3)

41–50 100 (22.6)

51–60 156 (35.2)

61–70 124 (28.0)

70 or more 22 (5.0)

Comorbidities Hyperlipidemia 239 (54)

Hypertension 211 (47.6)

Diabetes Mellitus 187 (42.2)

COPD 34 (7.7%)

Chronic Kidney Disease 32 (7.2)

Peptic Ulcer Disease 18 (4.1)

Liver Disease 40 (0.9)

Dementia 9 (0.2)

(Continued)
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Table 1 (Continued). 

Variable Category n (%)

CCI score 0 199 (44.9)

1 157 (35.4)

2 55 (12.4)

3 or more 32 (7.2)

Anti-acid use None 102 (23.0)

On PPI 331 (74.7)

Taking H2RA 10 (2.3)

Taking DAT (dual antiplatelet therapy) Yes 413 (93.2)

Cardiovascular event Yes 59 (13.3)

Table 2 Association Between CV Events and Other Variables. 
(N=443)

Variable Category Cardiovascular Event P-value

Yes n (%) No n (%)

Gender Male 44 (12.3%) 315 (87.7%) 0.174

Female 15 (17.9%) 69 (82.1%)

Age 40 or less 6(14.6%) 35(85.4%) 0.989

41–50 13 (13.0%) 87 (87.0%)

51–60 22 (14.1%) 134 (85.9%)

61–70 15 (12.1%) 109 (87.9%)

71 or more 3 (13.6%) 19 (86.4%)

CCI score None 22 (11.1%) 177 (88.9%) Ref.

1 14 (8.9%) 143 (91.1%) 0.507

2 12 (21.8%) 43 (78.2%) 0.042

3 or more 11 (34.4%) 21 (65.6%) 0.001

On PPI Yes 45 (13.6%) 286 (86.4%) 0.768

No 14 (12.5) 98 (87.5)

On statin therapy Yes 24 (10.0%) 215 (90.0%) 0.028

No 35 (17.2%) 169 (82.8%)

Hypertension Yes 31 (14.7%) 180 (85.3%) 0.417

No 28 (12.1%) 204 (87.9%)
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developed CV events. Furthermore, there was no significant association between developing cardiac events after 
administration of clopidogrel and patient age, sex, or diagnosis of hypertension (P>0.05). However, a significant 
association was observed in patients who received statin therapy (p=0.028). Patients on statin therapy (10%) were 
significantly less likely to develop CV events than others (17.2%). Binary logistic regression revealed that patients with 
a CCI score >2 (21.8%) and a CCI score ≥ 3 (34.4%) were significantly more likely to develop CV events than those with 
a CCI score of 0 (p = 0.042 and p = 0.001, respectively).

PPIs and Incidence of CV Events
Approximately half of the patients used esomeprazole 198 (59.8%), followed by pantoprazole 113 (34.1%), 
omeprazole 11 (3.3%), and lansoprazole 9 (2.7%). Furthermore, no significant differences between the different 
PPIs and the occurrence of any cardiovascular events when taken concurrently with clopidogrel (p=0.408) 
(Table 3).

As shown in (Table 4), among patients who developed CV events, 32 (14.2%) used clopidogrel alone or in 
combination with H2RA or pantoprazole as safe therapy. In comparison, 27 (12.4%) used clopidogrel combined with 
other PPIs (Esomeprazole, lansoprazole, and omeprazole) as an unsafe combination. Pantoprazole and H2RA are 
proposed to have a less significant interaction in decreasing the antiplatelet effects of clopidogrel and are not associated 
with an increased cardiovascular risk compared with other PPIs. There was no significant difference between the two 
groups, with a p-value of 0.579. Furthermore, Figure 2 shows that the median time to event for patients using the safe 
combination versus time to event for patients using the unsafe combination was 128 and 113 days, respectively. In 
addition, the Mann–Whitney test results revealed no significant difference in the potential to develop cardiovascular 
events with time between patients on a safe combination with clopidogrel and patients on an unsafe combination with 
clopidogrel (p= 0.637).

Table 4 Association Between CV Events Comparing Interacting PPIs to Non-Interacting 
(N=443)

Variable Cardiovascular Event 
n (%)

P-value

Yes No

Anti-acid None, Pantoprazole, or H2RA 32 (14.2) 193 (85.8) 0.579

Omeprazole, esomeprazole or lansoprazole 27 (12.4) 191 (87.6)

Table 3 Association Between PPI Molecules and CV Events. (N=331)

PPI Name PPI Total n(%) Cardiovascular Event P-value

Yes n(%) No n(%)

Pantoprazole 113 (34.1%) 18 (15.9%) 95 (84.1%) 0.408

Omeprazole 11 (3.3%) 2 (18.2%) 9 (81.8%)

Lansoprazole 9 (2.7%) 2 (22.2%) 7 (77.8%)

Esomeprazole 198 (59.8) 23 (11.6%) 175 (88.4%)
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Discussion
PPIs and Cardiovascular Events
This study is the first retrospective cohort study in Palestine that addresses the prevalence of prescribing clopidogrel in 
combination with PPIs and associated adverse cardiovascular events.

In this study, many participants were prescribed clopidogrel concomitantly with an interacting PPI, an alarming 
indicator of prescribers’ none compliance with FDA recommendations to avoid specific PPIs with clopidogrel. A similar 
finding was in a regional study in Qatar, where the rate of PPI co-prescribing with clopidogrel was relatively high.23 In 
addition, healthcare providers in Palestine have reported a lack of awareness and knowledge of drug-drug interaction as 
a barrier to identifying inappropriate prescribing and preventing medication errors.24 Increasing awareness can be 
accomplished by offering continual education on significant drug-drug interactions and utilizing clinical pharmacists in 
medication therapy management.

Although there was a high prevalence of prescribing the combination of Clopidogrel with PPIs, no significant 
association was found between clopidogrel use alone or in combination with any of the PPIs studied (pantoprazole, 
omeprazole, lansoprazole, and esomeprazole) (p> 0.05). This finding was supported by a systematic review and meta- 
analysis evaluating this interaction and increased cardiovascular risk in patients receiving clopidogrel. Data from 156,823 
patients from 27 trials conducted between 2009 and 2016 were analyzed. Subgroup analysis revealed no significance in 
randomized controlled trials (RCTs) (RR = 0.99, 95% CI = 0.76–1.28, p = 0.93) in the major adverse cardiac event 
(MACE) outcome group. There was no association between PPI and clopidogrel therapy on CV death outcome (RR = 
1.21, 95% CI = 0.97–1.50, p = 0.09).25

A regional retrospective longitudinal cohort study was performed in Jeddah, Saudi Arabia, to assess the effect of this 
interaction on readmission and mortality risk within 30 days and one year, respectively. A total of 464 participants were 
included, with 107 (24.4%) receiving PPI and clopidogrel concurrently. Participants taking clopidogrel and PPI did not 
have a higher one-year mortality risk than those in the non-PPI cohort (p = 0.7). The risk of unplanned 30-day 
readmission was lower in patients who received clopidogrel and PPI (p = 0.03). The use of clopidogrel and PPI 
decreased readmission rates and was not associated with increased mortality compared with non-PPI participants.26 In 
contrast to this finding a recent cohort population-based study of 99,836 patients who received clopidogrel after primary 
PCI, the concomitant use of PPI appeared to increase the risk of major cardiovascular events; the primary outcome was 
myocardial infarction (HR= 1.23, 95% CI 1.15–1.32), the secondary outcome was coronary heart disease (HR=1.28, 95% 

Figure 2 The median time to CV Events.
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CI 1.24–1.33), stroke (HR=1.21, 95% CI 1.05–1.40) and death due to coronary heart disease (HR=1.52, 95% CI 1.37– 
1.69).7

Moreover, in a Chinese study, the concomitant use of dual antiplatelet therapy (DAT) and a PPI may be associated 
with a high risk of a major cardiovascular event.5 Most participants were on DAT, which could have affected the results. 
The concomitant use of medications such as aspirin would increase antiplatelet activity in patients undergoing dual 
therapy when used with omeprazole, which may bias the results towards a lower risk of CV events in patients taking 
PPIs.27

Pantoprazole vs Other PPIs in Increased Cardiovascular Risk
Pantoprazole is proposed to be the least among the PPIs to inhibit CYP2C19 enzymes leading to a decreased ability to 
affect clopidogrel’s antiplatelet response, according to studies comparing and evaluating PPI’s pharmacokinetic proper-
ties through markers such as the inhibition constant (Ki), which turned out to be 14 to 69 μM for pantoprazole and 17 to 
21 μM for rabeprazole. The higher the Ki value, the higher the drug required to inhibit CYP2C19 enzyme activity.28 In 
another study, pantoprazole had the highest half-maximal inhibitory concentration (IC50) value of 93 μM among other 
PPIs. This measure reveals the amount of drug needed to inhibit a biological process by half; thus, the higher the value, 
the higher the amount required to inhibit CYP2C19 activity.29

No significant differences were found when comparing PPIs with known CYP-450 enzyme inhibitors (esomeprazole, 
lansoprazole, and omeprazole) with pantoprazole. This finding was supported by a propensity score-adjusted cohort study 
that was carried out for adults (n=325,559) who were concomitantly on clopidogrel and a PPI (esomeprazole, lansopra-
zole, omeprazole, rabeprazole, and pantoprazole), where hospitalization for acute ischemic stroke was considered to be 
the endpoint.17 The identification of 1667 ischemic strokes occurred with an annual incidence of 2.4% (95% confidence 
interval, 2.3–2.5). The adjusted hazard ratios (HRs) for ischemic stroke versus pantoprazole were 0.98 (0.82–1.17) for 
esomeprazole; 1.06 (0.92–1.21) for lansoprazole; 0.98 (0.85–1.15) for omeprazole; and 0.85 (0.63–1.13) for rabeprazole. 
Pantoprazole was chosen as the reference PPI for comparison in the study as it does not possess CYP2C19 inhibitory 
potency, lacks the potential for drug-drug interactions with clopidogrel, and has been recommended by Food and Drug 
Administration as a PPI of choice in clopidogrel-treated patients.30,31

Clopidogrel-PPIs Interactions and Patients Characteristics
In addition to assessing the PPI-clopidogrel interactions and prevalence, the present study categorized patients according 
to their Charlson comorbidity index (CCI) to minimize confounding variables. In this study, patients with a CCI score of 
more than two had a significant risk of cardiovascular events. Risk factors and comorbidities may increase or confound 
the effect of PPI on clopidogrel use. Some studies suggest that patients with cardiovascular diseases and comorbidities 
and being treated with chronic medications have a greater possibility that these medications may compete with or inhibit 
the CYP isoenzymes responsible for the bioactivation of clopidogrel.32,33 Therefore, prescribing clopidogrel to these 
patients might explain why the active metabolite of clopidogrel is reduced below the needed concentration to inhibit 
platelet aggregation. A recent randomized crossover study conducted on 28 healthy patients also failed to show 
a consistent increase in cardiovascular events in patients treated with clopidogrel and PPI concurrently (pantoprazole 
p-value= 0.786 (SD= 0.557), omeprazole P-value= 0.653 (SD= 0.615), rabeprazole p-value= 0.726 (SD= 0.592), 
esomeprazole p-value= 0.807 (SD= 0.574), lansoprazole p-value= 0.887 (SD =0.592), dexlansoprazole p-value=0.998 
(SD= 0.592)).6

An increase in cardiovascular events might be present in certain clinical conditions, such as severe cardiovascular 
disease or co-administration of other medications that may affect the activity of CYP isoenzymes.6 In this study, statin 
use was significantly associated with a decreased risk of cardiovascular events (Table 2). Drug-Drug Interaction between 
statins and PPIs or clopidogrel has been reported in the literature. Since clopidogrel is activated mainly by CYP2C19 and 
CYP3A4 enzymes, its use with statins, such as atorvastatin, would lower its antiplatelet efficacy due to competitive 
binding to the enzyme receptors inactivating clopidogrel.34 As for PPIs, some studies revealed no interaction between 
PPIs and statins and that PPIs may moderately augment statin-mediated lipid reduction.35
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Other factors, such as genetics and acquired alteration of CYP2C19, may influence this interaction, including 
polymorphism and drug-drug interactions. For example, a 2019 study investigated the influence of CYP2C19 G681A 
polymorphism on clopidogrel platelet activity in patients with ACS and concluded that clopidogrel might be hypor-
esponsive in patients with the CYP2C19 G681A polymorphism.36 Thus, patients with this allele are at higher risk of 
major cardiovascular events. Understanding the prevalence rate of this polymorphism with a specific population or race 
will aid in providing personalized medicine.37

Clopidogrel-PPI Interactions Management
In clinical situations where antacid secretory agents are indicated in patients on clopidogrel for gastrointestinal bleeding 
prophylaxis (GIBP), such as the indication in the current study, most of the PPIs used GIBP prophylaxis in patients on 
dual antiplatelet therapy requires the patient’s assessment of risk factors and comorbidities. A safer alternative to a PPI is 
H2RA due to the lack of interactions or effects on clopidogrel antiplatelet activity. For example, famotidine showed no 
more than 20% inhibition of clopidogrel activation by CYP2C19 and CYP3A4 at up to 100 µmol/L of clopidogrel, and 
long-term use of famotidine was not associated with CYP2C19 and CYP3A4 inhibition.38 Another prospective observa-
tional study was carried out on patients receiving DAT due to prior PCI; 25 received omeprazole or rabeprazole, and 30 
did not take PPI or H2 blockers, but famotidine was added. The study found that omeprazole significantly reduced the 
antiplatelet effect of clopidogrel (p=0.0051), whereas concomitant use of famotidine did not affect the antiplatelet effect 
of clopidogrel.39

Doubling the dose of clopidogrel could restore the loss of the antiplatelet effect induced by esomeprazole, 
a phenomenon suggested by some studies to overcome this interaction.40 This phenomenon is supported by a study 
that found that esomeprazole decreased the effect of clopidogrel (75 mg/day) in patients with stable coronary artery 
disease. In contrast, ranitidine did not alter the antiplatelet effect of clopidogrel. Furthermore, the esomeprazole- 
clopidogrel interaction was narrowed by increasing the dose of clopidogrel (75 mg) to (150 mg) or using ranitidine or 
famotidine as alternatives.41 As for clopidogrel alternatives; prasugrel may be a good choice as a P2Y12 inhibitor that 
can avoid the adverse interactions produced by PPIs.40

In this retrospective cohort observational study, none of the PPIs tested significantly increased cardiovascular events 
with concomitant use of clopidogrel. Therefore, the interaction may only be significant in specific clinical circumstances, 
such as severe cardiovascular disease or co-administration of other medications that affect the activity of CYP 
isoenzymes. There are conflicting studies on the relationship between different PPIs and clopidogrel combinations. 
Given the inconsistent results of different studies, making correct decisions regarding this interaction is complex and 
challenging.

Limitation
This study has some limitations that may help explain the results. The main limitation of the present study was its small 
sample size. Further prospective clinical studies are required to confirm the biological interactions.

Another limitation of this study was the absence of genotype data, as these play a major role in clopidogrel 
metabolism. This study had no access to bio-samples that assessed genetic polymorphisms in CYP enzymes, p-glyco-
protein transporters, or P2Y12 receptors. A larger study involving genotype data from Palestine is necessary to determine 
whether this is the case. In addition, the study could not capture other patient factors, such as lifestyle, social habits, 
family history, obesity, and medication adherence. However, this was the first study to address this drug-drug interaction 
among patients in Palestine and assess prescribers’ adherence to FDA recommendations.

Conclusion
This study found a high prevalence of co-prescribing PPIs with clopidogrel. Furthermore, there is no association between 
PPI use and an increased risk of cardiovascular events in patients taking clopidogrel; until more data are available, the 
concomitant use of specific PPIs with clopidogrel may not be the optimal choice of therapy when acid-suppression 
therapy is indicated. Further research and testing should be considered because multiple confounders, such as genetics 
and comorbidities, can affect this interaction. Prescribing clopidogrel with PPIs is a gray area that requires healthcare 
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providers to complete patient assessments of medications and comorbidities to minimize the risk of cardiovascular events 
associated with this interaction and select the appropriate medication.
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The authors report no conflicts of interest in this work.
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