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Abstract

We examined clinical outcomes with proton pump inhibitors (PPI) use within CYP2C19 genotype
groups during clopidogrel treatment following acute myocardial infarction (AMI). 2062 patients
were genotyped for CYP2C19*2 and *17 variants in TRIUMPH. 12 month clinical outcomes were
analyzed among patients discharged on clopidogrel within CYP2C19*2 carrier, CYP2C19*17
carrier, and CYP2C19*1 homozygote genotype groups. PPl use was not associated with a
difference in mortality. Among clopidogrel-treated Caucasians following AMI, PPI use was
associated with a significantly higher rate of cardiac rehospitalization (HR 1.62, 95% CI
1.19-2.19; p = 0.002) compared with no PPI use. PPI users who were carriers of the CYP2C19*17
variant experienced significantly higher rates of cardiac rehospitalization (HR 2.05, 95% ClI
1.26-3.33; p = 0.003), carriers of the CYP2C19*2 variant had a trend toward increased 1-year
cardiac rehospitalization (HR 1.69, 95% CI 0.95-2.99; P=0.07) while no significant differences
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were observed among CYP2C19*1 homozygotes. These results indicate that the risks associated
with PPI use among clopidogrel-treated Caucasian post-MI patients are impacted by CYP2C19
genotype, and suggest knowledge of genotype may be useful for personalizing PPI use among
patients following AMI to reduce rehospitalization.

Keywords

cardiovascular diseases; clopidogrel; genetic variation; myocardial infarction; pharmacogenetics;
CYP2C19

In the United States, over 900,000 individuals have an acute myocardial infarction (AMI)
each year.! Dual antiplatelet therapy with aspirin and an adenosine diphosphate (ADP)
P2Y 1o receptor antagonists is recommended for the secondary prevention of ischemic events
following AMI.2 However, adverse ischemic events following AMI remain frequent.3
Although clopidogrel is the most commonly prescribed ADP P2Y 1, receptor antagonist in
the management of AMI,* the degree of platelet inhibition with clopidogrel varies
significantly between individuals.® High-on treatment platelet reactivity in patients on
clopidogrel is an independent risk factor for increased ischemic events following AMI.5 The
proposed mechanisms responsible for impaired response to clopidogrel are multifactorial .6
However, variability in the metabolism of clopidogrel to its active metabolite has been
implicated as a possible mechanism leading to clinical failure of dual antiplatelet therapy
following AML.”

Clopidogrel is a prodrug that is metabolized to its active metabolite by enzymes of the
hepatic cytochrome P450 (CYP450) system. A number of factors influence the metabolism
of clopidogrel, including drug-drug interactions and genetic polymorphisms (SNPs) in
CYP450 isoenzymes, the most important of which is CYP2C19.° Specific variants of
CYP2C19, particularly CYP2C19*2 and CYP2C19*17, have been associated with marked
differences in production of clopidogrel's active metabolite and resultant platelet inhibition.8
Previous investigations have shown that, in clopidogrel-treated AMI patients, individuals
with the loss-of-function CYP2C19* 2 allele have less platelet inhibition and a higher rate of
adverse cardiac events, whereas carriers of the gain-of function CYP2C19* 17 allele have the
highest platelet inhibition and a potential increase in bleeding events.®

Proton pump inhibitors (PPIs) are also metabolized using CYP2C19.° The
pharmacodynamic effect of PPIs on clopidogrel is influenced by the drug-drug interaction
that occurs at the CYP2C19 isoenzyme.® 10 Although the clinical consequences of this drug-
drug interaction remain controversial,” PPl use has been associated with a reduction in
platelet inhibition by clopidogrel in some studies.

The clinical implications of the interplay between genetic variation in CYP2C19 and the
drug-drug interactions involving PPIs and clopidogrel are less well understood.® 12 We,
therefore, posed the question: in post-MI patients discharged on clopidogrel, is there a
particular CYP2C19 genotype group in which adding a PPI to clopidogrel treatment will
increase adverse cardiac events? We investigated this question in the large, prospective,
multicenter Translational Research Investigating Underlying disparities in acute Myocardial
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infarction Patients' Health status (TRIUMPH) cohort.13 We specifically evaluated 1-year
mortality, cardiac rehospitalization and bleeding within CYP2C19 genotype groups in
Caucasian and African-American patients discharged on clopidogrel following an AMI.

Subjects and Follow-up

From April 11, 2005 to December 31, 2008, 4340 patients with AMI were prospectively
enrolled into the TRIUMPH observational cohort study from 24 medical centers in the
United States, as previously described.13-15 All patients were required to have a type 1 AMI
evidenced by an elevated troponin level and documented clinical ischemia (i.e. diagnostic
ST changes on an ECG or ischemic signs/symptoms).12 2979 TRIUMPH patients consented
to genetic testing.1® Of these, 2955 (99.2%) were discharged alive and were included in the
present analyses. The final sample was restricted to Caucasian (n = 1632) and African
American (n = 430) patients discharged on clopidogrel following AMI (total N = 2062).
Subjects discharged on PPI following AMI and/or at 1 or more follow-up interview were
included in the PPI group.

Each patient was prospectively interviewed during the initial hospitalization to ascertain
socio-demographic (including self-identified race), economic and health status
characteristics. Detailed chart abstractions were performed of the initial hospitalization to
obtain patients' medical history, laboratory results, disease severity, inpatient care, and
medications (including baseline, during the hospitalization, and discharge). TRIUMPH
received Institutional Review Board approval at all participating sites and written informed
consent was obtained from each participant.

Follow-up interviews were scheduled on all survivors at 1, 6, and 12 months after the date of
discharge for the index hospitalization, as previously described.13 If a patient agreed to
additional blood collection, an in-home visit and interview was performed by a trained
medical personnel at 1 and 6 months. At 12-months, clinical follow-up was performed by
telephone interview at a single specialized center. For those patients not agreeing to
additional blood collection, 1 and 6 month interviews were performed by telephone from the
same single specialized center used for the 12 month interview. At each interview, all
patients were asked to report all interval events (e.g., procedures, diagnostic tests,
hospitalizations, and outpatient visits) since their last study contact, as well as current
medications on the date of interview.

Clinical Outcomes

The primary outcome of the study was all-cause mortality. For every patient in the study,
all-cause mortality was assessed using the Social Security Administration Death Master File
(http://www.ntis.gov/products/ssadmf.aspx) and was queried to determine patients' vital
status as of 12/31/2010. (Of note, this query was performed prior to new restrictions and
expunging of some records from the database.) Secondary outcomes were ascertained from
the follow-up interviews and included the individual endpoints of cardiac rehospitalization
or bleeding. 157 Caucasians and 88 African-Americans were missing information pertaining
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to cardiac rehospitalization. 229 Caucasians and 105 African-Americans were missing
information pertaining to bleeding. If a patient reported being hospitalized since the previous
interview, records of that hospitalization were requested to adjudicate cardiovascular events,
including M, heart failure, or revascularization procedures. Chart abstractions were sent to
2 cardiologists for independent determination of the reason for hospitalization. If there was
disagreement between the 2 cardiologists, the record was adjudicated by a third cardiologist,
and, if disagreement persisted, up to 5 cardiologists independently reviewed the charts until
consensus was obtained. Bleeding outcomes were documented in two ways. Major bleeding
was adjudicated by three independent cardiologists. Minor (‘nuisance’ or BARC Type-1)
bleeding was determined by interview.® The bleeding outcome used for this study
combined major or minor bleeding episodes.

Genotype Methods, Quality Control, and Classification

The methods used for genotyping and quality control are described in the Supplemental
Methods. A dominant genetic model was used for CYP2C19 *2 and *17. Patients were
classified as CYP2C19*1 in the absence of *2 and *17 variants. For CYP2C19 *17, the
-3402 (rs11188072) and -806 (rs12248560) variants were genotyped and linkage was
determined. Given that the two CYP2C19*17 variants were in tight linkage disequilibrium in
our cohort, the analysis was restricted to the CYP2C19*17 variant (CYP2C19*17 -806;
rs12248560) responsible for a C > T transition in the promoter that creates a consensus
binding site for the GATA transcription factor family, resulting in increased CYP2C19
expression and activity.16: 17

Statistical Analyses

Analyses were performed separately in Caucasians and African-Americans to minimize the
risk of false positive findings due to population stratification. In each group (Caucasians and
African-Americans), baseline characteristics and clinical outcomes were compared between
the PPI vs. no PPI groups and within each CYP2C19 genotype group (i.e. *1 homozygotes
and *2 or *17 carriers). Categorical data are reported as counts and percentages and
compared using chi-square or Fisher's exact tests as appropriate. Continuous data are
reported as mean * standard deviation (SD) and compared using t-tests. Hardy-Weinberg
equilibrium was assessed using chi-square tests or Monte Carlo permutation with 10000
iterations, as appropriate. Follow-up began at the date of discharge from the index
hospitalization. Survival function estimates (time until all-cause mortality, time until cardiac
rehospitalization, and time to bleeding) were evaluated through Kaplan-Meier analysis. The
log-rank test was used to identify differences in clinical outcomes between the PPI and no
PPI groups overall, and within each CYP2C19 genotype group. Cox proportional hazards
models were then used to adjust for sex, GRACE score (an extensively validated score of
predicting post-MI death and recurrent Ml (c-statistic 0.84) from admission clinical, ECG
and biomarker variables),18 19 and any patient characteristic that was significantly different
between PPI users vs. non-users overall and within CYP2C19 genotype group. For primary
effects, p-values < 0.05 were considered statistically significant; interaction p-values < 0.1
were considered statistically significant. Analyses were performed with SAS version 9.2
(SAS Institute, Inc., Cary, NC) and R version 2.11.1.
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2062 TRIUMPH patients (N = 1632 Caucasians; 430 African-Americans) were discharged
on clopidogrel after MI. More than 80% of TRIUMPH patients discharged on clopidogrel
had received in-hospital revascularization; the majority of these being percutaneous
coronary intervention (PCI) (87.1% of Caucasians and 77.4% of African Americans). Over
the study period, PPIs were used by 19% of Caucasians (N = 307) and 15% of African-
Americans (N = 65). Baseline characteristics of TRIUMPH patients discharged on
clopidogrel with and without the use of a PPI are shown in Table 1 (comparisons within
each genotype group are shown in Supplemental Tables S1A-C). In both Caucasians and
African-Americans, PPI users were older and had a higher mean GRACE risk score at
discharge. In Caucasians, PPI users were more likely to be female (32.6% vs. 24.5%; p =
0.003) and have a higher rate of co-morbidities including hypertension, dyslipidemia,
diabetes mellitus, atrial fibrillation or flutter, history of prior PCI or coronary artery bypass
grafting (CABG), and present with NSTEMI (vs. STEMI) compared with patients not using
a PPI (p values ranging from 0.06 to <0.001; Table 1). In African-Americans, PPI users
were more likely to have peripheral vascular disease (13.8% vs. 4.9%; p= 0.006) and a
history of prior PCI (29.2% vs. 18.4%; p = 0.04). In both Caucasian and African-American
patients, PPI users and non-users were discharged on similar secondary prevention
medications, except for a lower rate of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers in the PPI group compared with the no PPI group among
African-Americans.

As shown in Table 2, omeprazole was the most frequently reported PPI used during the
study period in both Caucasian and African-American PPI users (Caucasians [C]: 62%;
African-Americans [AA]: 60%) followed by pantoprazole (C: 28%; AA: 36%),
esomeprazole (C: 21%; AA: 25%), lansoprazole (C: 13%; AA: 14%), and rabeprazole (C:
4%; AA: 0%). Some patients used more than one PPI. No statistically significant differences
were observed between genotype groups for the use of each individual PPI (frequency of use
within each genotype group is shown in Supplemental Table S2).

PPI Use was Not Associated with Significant Differences in All-Cause Mortality in Either

Race

The 1-year mortality rate for patients discharged on clopidogrel was 3.6% (N=59) for
Caucasians and 7.2 % (N = 31) for African Americans. Unadjusted rates of all-cause
mortality were not significantly different between PPI users and non-users among
Caucasians (2.9% vs. 3.8%, respectively; p = 0.48) or African Americans (6.2% vs. 7.4%,
respectively; p = 0.64). These findings were similar after multivariable adjustment using
Cox proportional hazards models (nhot shown). Among Caucasian and African-American
patients discharged on clopidogrel, there was no significant difference in 1-year mortality
between PPI users and non-users within any particular CYP2C19 genotype group (data not
shown).
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PPl Use was Associated with Significantly Increased Cardiac Rehospitalization in
Caucasians with the Greatest Increase in Risk observed among CYP2C19*17 Carriers

The 1-year cardiac rehospitalization rate was 13.6% in Caucasians (N = 201) and 15.2% in
African-Americans (N = 52). There was no significant difference in 1-year cardiac
rehospitalization between PPI users and non-users among African-Americans discharged on
clopidogrel, overall, or within CYP2C19 genotype groups (data not shown). In contrast,
there was a significant difference in 1-year cardiac rehospitalization between PPI users and
non-users among Caucasians discharged on clopidogrel in the overall group and within
CYP2C19 genotype groups (Table 3). As seen in Figure 1A, in the overall Caucasian group
(i.e. not stratified by genotype group), the rate of cardiac rehospitalization was significantly
higher in PPI users compared with non-users in both unadjusted and adjusted analyses
(21.2% vs. 11.7%, p < 0.0001; adjusted HR 1.62, 95% CI 1.19-2.19; p = 0.002). Figures 1B
— 1D show the difference in cardiac rehospitalization between PPI users and non-users in
Caucasians discharged on clopidogrel within CYP2C19 genotype groups. Within the
CYP2C19*1 homozygote genotype group, there was a significant increase in 1-year rate of
cardiac rehospitalization in PPI users, compared to non-users (19.2% vs. 11.3%; p = 0.03;
Figure 1B), in unadjusted analyses; however after adjusting for covariates, this difference
was no longer significant (HR 1.51, 95% CI 0.90-2.54; p = 0.12; Table 3). Within the
CYP2C19*2 genotype group, PPI users had a trend toward increased 1-year cardiac
rehospitalization compared to non-users (21.8% vs. 13%; unadjusted p = 0.07; Figure 1C;
adjusted HR 1.69, 95% CI 0.95-2.99; p = 0.07; Table 3). Notably, as seen in Figure 1D, the
most significant association was seen within CYP2C19*17 carriers. Within this genotype
group, PPI users had significantly more 1-year cardiac rehospitalization compared to non-
users (23.3% vs. 10.3%; unadjusted p = 0.0003; adjusted HR 2.05, 95% CI 1.26-3.33; p =
0.003; Table 3).

Within the CYP2C19*17 genotype group, the association of PPI use and increased 1-year
cardiac rehospitalization remained significant even if those subject also carrying the
CYP2C19*2 allele (i.e. CYP2C19*17/*2 heterozygotes; N = 106) were excluded from the
analysis (adjusted HR 2.02, 95% CI1 1.17- 3.47; p = 0.01).

PPI Use was Associated with Significantly Increased Cardiac Rehospitalization Even After
Exclusion of Elective Cardiac Rehospitalization

The causes for cardiac rehospitalization were analyzed to further assess the significant
differences observed in clopidogrel-treated patients with and without PPI use. In the overall
Caucasian group (i.e. not stratified by CYP2C19 genotype group), and in each CYP2C19
genotype group, approximately one-third of the rehospitalizations were for elective
procedures (CABG or valve surgery, PCI, catheterization, and defibrillator or pacemaker
implantation; 34.9% in overall group; 33% in CYP2C19 *1 homozygotes; 39% in CYP2C19
*2 carriers; 33% in CYP2C19 *17 carriers). After limiting cardiac rehospitalizations to non-
elective admissions only (Supplemental Table S3), the rate of cardiac rehospitalization for
PP1 users remained significantly higher compared with non-users in clopidogrel-treated
Caucasians (14.1% vs. 7.7%, p = 0.00004; HR 1.95, 95% CI 1.36-2.78; p = 0.0002) and
within the clopidogrel-treated Caucasian CYP2C19*17 genotype group (18.3% vs. 6.4%, p =
0.00009; HR 2.48 (95% CI 1.39-4.42; p = 0.002).
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PPl Use was not Associated with Significantly Increased Bleeding

The rates of bleeding following AMI among clopidogrel-treated patients were not
significantly different when PPI users were compared with non-users in Caucasian (PPl use:
16.5% vs. no PPI use: 14.6%, p = 0.69) or African-American (PPI use: 8.2% vs. no PPI use:
11%, p = 0.51) TRIUMPH patients.

Discussion

The aim of our study was to answer a simple question: in post-MI patients discharged on
clopidogrel, is there a particular CYP2C19 genotype group in which adding a PPI to
clopidogrel treatment is associated with a higher rate of adverse cardiac events? In
TRIUMPH, we found that PPI use was not associated with any differences in the rates of all-
cause mortality in either race or within each CYP2C19 genotype group. Among African-
Americans, the rates of cardiac rehospitalization were not significantly different in PPI users
vs. nonusers in any of the CYP2C19 genotype groups. However, the use of a PPl was
associated with significantly increased rates of cardiac rehospitalization in Caucasians, and
the magnitude of this increased risk was most evident among Caucasian carriers of the
CYP2C19*17 gain of function allele. This finding remained significant after (1) adjusting
for sex, GRACE score and any baseline characteristic that differed within genotype group,
(2) excluding CYP2C19*2/*17 heterozygotes and (3) limiting cardiac rehospitalizations to
non-elective admissions. In TRIUMPH, 36% of Caucasians were carriers of the
CYP2C19*17 genotype. Thus, our findings have the potential to impact the clinical
management of a large proportion of Caucasians following an acute Ml.

Two recent studies have provided evidence of inhibition of the CYP2C19 isoenzyme by
PPIs, demonstrating a decreased plasma concentration of clopidogrel's active metabolite.2021
A recent randomized cross-over study of healthy *1 homozygotes demonstrated that PPIs
reduce the concentration of clopidogrel's active metabolite and reduce the degree of platelet
inhibition.10 Currently, the evidence regarding the effect of CYP2C19 genetic variation on
platelet inhibition in patients on a PPI and clopidogrel is limited. In a prospective double-
blind cross-over randomized study, esomeprazole use significantly reduced platelet
inhibition in clopidogrel-treated ACS patients who were *17 carriers or *1 homozygotes
compared with placebo, but did not did not attenuate the antiplatelet effect in *2 carriers.22
This finding was also observed in an open-label cross-over study of healthy subjects, where
platelet inhibition was significantly reduced by omeprazole and rabeprazole in *1
homozygotes but not in *2 carriers.23 Additional studies have also shown a less pronounced
effect of PP1 use on CYP2C19*2 carriers compared with *1 homozygotes.?4 25 These
findings are supported by our study. In our study, the highest risk of cardiac
rehospitalization was observed in *17 Caucasian carriers compared with the Caucasian *2
carriers and *1 homozygotes. The mechanism(s) responsible for the differential effect of
various CYP2C19 variants on platelet reactivity in clopidogrel-treated patients on a PPI are
not yet understood and will require further investigation.

Previous data on the clinical significance of PPI use among clopidogrel-treated patients
within CYP2C19 genotype groups are limited and controversial. A French registry analysis
of AMI patients did not find any association between PPl use and adverse cardiac events in
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patients who were carriers or homozygotes for the CYP2C19*2 allele.26 A post-hoc
subgroup analysis on the Trial to Assess Improvement in Therapeutic Outcomes by
Optimizing Platelet Inhibition with Prasugrel (TRITON)-TIMI 38 also did not find any
evidence that PPI use was associated with an increase in adverse cardiac events among
either *2 carriers or *1 homozygotes.11 Because these studies did not report
pharmacodynamic data, the PPI effect on platelet reactivity and cardiovascular outcomes
within CYP2C19 genotype groups could not be fully assessed. The Do Platelet Function
Assays Predict Clinical Outcomes in Clopidogrel-Pretreated Patients Undergoing Elective
PCI (POPULAR) study is the only prior study to date to analyze the PPI interaction with
CYP2C19 variants on platelet reactivity and clinical outcomes. In this study that assessed
patients after elective PCI, both *2 carriers and non-carriers had significantly higher rates of
high on-treatment platelet reactivity with concurrent PP1 use compared with no PPI use.2’
However, PPI use was not associated with an increase in 12-month adverse cardiac events in
either *2 carriers or non-carriers.2” An important limitation of this study, and all of the
aforementioned studies, were that *17 carriers were not assessed.

Our study is the first analysis to assess clinical outcomes of PP1 use in clopidogrel-treated
patients within the CYP2C19*17 genotype group. Previously, no association was observed
between PPI use and adverse cardiac events among carriers of the CYP2C19*2

allele.11. 26. 27 Quyr data supports these findings. The mechanism of this may, in part, be due
to the low baseline activity of CYP2C19 in *2 carriers, where it is unlikely that a PPl would
confer a further decrease in CYP2C19 activity to result in a clinically meaningful
difference.® 12 Given the increased CYP2C19 activity observed in CYP2C19*17 carriers,
use of CYP2C19 inhibitors such as PPIs among CYP2C19*17 carriers may have greater
potential to significantly lower enzymatic activity, resulting in reduced clopidogrel-related
platelet inhibition and worse clinical outcomes. Although our data are biologically plausible,
further studies are needed to confirm the mechanisms proposed by ourselves and others.

Several important limitations should be considered when interpreting our study. First, our
study did not assess platelet function, thus we are not able to correlate the clinical findings
of our study with measures of platelet reactivity. However, multiple studies have confirmed
increased on-treatment platelet reactivity in CYP2C19*2 allele carriers?8-30 and decreased
on-treatment platelet reactivity in CYP2C19*17 allele carriers.30: 31 Second, compliance
with clopidogrel and PPI was not assessed in our study, which could influence the clinical
outcomes. However, classifying patients by discharge medication status is a well-recognized
and often used approach, since most patients remain on their discharge regimen after
hospitalization.32 Third, our findings regarding the CYP2C19*17 genotype group have not
been independently replicated in a separate cohort, since our study is, to our knowledge, the
first study to analyze the clinical outcomes with PPI use in the CYP2C19*17 genotype
group. All of our results, however, are biologically plausible and supported by in vitro
platelet reactivity studies; the fact that our findings in the CYP2C19*2 and *1/*1 genotype
groups are consistent with recent clinical studies and trials!: 26: 27 gives further credibility
to our observations in the CYP2C19*17 genotype group. Finally, despite using adjusted
analyses to account for differences between the PPl and no PPI use groups in the overall
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population and within each CYP2C19 genotype group, it is still possible that unknown
confounders may have contributed to the observed differences in clinical outcomes.

Conclusions

Among clopidogrel-treated Caucasians following AMI in the TRIUMPH registry, PPI use
was associated with significantly increased cardiac rehospitalization. The increase in risk of
rehospitalization among PP users varied by CYP2C19 genotype, with the greatest increase
in risk observed among carriers of the gain of function CYP2C19*17 allele. PPI use was not
associated with any significant differences in all-cause mortality for clopidogrel-treated
patients in either race. These results extend prior studies of the effect of PPI use on platelet
function, including recent clinical trial data, and suggest the risks associated with PPI use in
clopidogrel-treated Caucasian post-MI patients may be impacted by CYP2C19 genotype. If
validated, personalized treatment with PPIs based on CYP2C19 genotype status should be
considered as this may, ultimately, lead to improved post-MI outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Kaplan-Maier analysis of cardiac rehospitalization associated with and without the use of a
proton pump inhibitors (PPI) in Caucasian clopidogrel-treated genotyped TRIUMPH
patients following an acute myocardial infarction. Freedom from cardiac rehospitalization
are compared between PPI users and non-users within (A) all genotyped Caucasians, (B)
CYP2C19*1 homozygotes, (C) carriers of the CYP2C19*2 allele, and (D) carriers of the
CYP2C19*17 allele. In Caucasians, PPI use was associated with significantly increased rates
of cardiac rehospitalization (A) and was most significant among Caucasian carriers of the
gain of function CYP2C19*17 allele (D).
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Table 2
Type of Proton Pump Inhibitor Used During the Study Period
Caucasians PPl users  African-Americans PPl users
Omeprazole 62% 60%
Pantoprazole 28% 36%
Esomeprazole 21% 25%
Lansoprazole 13% 14%
Rabeprazole 4% 0%

Values are shown as percentages
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Table 3
Adjusted Hazard Ratios (HR) for 1-year Cardiac Rehospitalization of Clopidogrel-
treated Caucasiansfollowing AM| within CYP2C19 genetic groups and PPI use

Caucasians

HR (95% Cl)  p-value

All Caucasians 1.62 (1.19-2.19) 0.002
CYP2C19 *1 homozygotes ~ 1.51 (0.90-2.54) 0.12
CYP2C19 *2 carriers 1.69 (0.95-2.99) 0.07
CYP2C19 *17 carriers 2.05 (1.26-3.33) 0.003

Analyses adjusted for sex, GRACE risk score, and any patient characteristic that was significantly different between PPI users vs. non-users overall
(Table 1) and within CYP2C19 genotype (Supplemental Tables 1A-C).
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