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Objective: There is limited and conflicting evidence on the association between
proton pump inhibitors (PPIs) and myocardial infarction (MI). This study aims to
examine the occurrence of MI associated with PPI use from the Food and Drug
Administration (FDA) Adverse Event Reporting System database. Methods: This
is a cross-sectional study using data from the FDA dated from December 2013
to April 2018. Standard descriptive statistics were used to describe demographic
information. Logistic regression analyses were performed to investigate the
association between the independent variables and MI. Findings: Among the
52,443 individuals who were taking a PPI and experienced an adverse event
which was registered on the FDA database, 726 (1.38%) experienced MI. Of
all the PPIs, esomeprazole had the largest proportion of users experiencing
MI (1.81%). Compared to other PPIs, esomeprazole was associated with a
significantly higher rate of MI (odds ratio [OR] =1.53, P < 0.001), whereas
lansoprazole was associated with a lower rate of MI (OR = 0.74, P = 0.03).
Conclusion: Among the PPIs, esomeprazole appeared to have the highest
risk of MI. Although the observed associations do not infer causality, this
study highlighted a need for further studies to determine if a PPI, especially
esomeprazole, can indeed cause MI.
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need for continued PPI therapy are believed to

roton pump inhibitors (PPIs) are widely used due

to their prominent effectiveness in treating and
preventing gastrointestinal (GI) diseases. More than 100
million prescriptions are dispensed for PPIs each year,
contributing to the United States (US) $24 billion in
annual expenditure worldwide.'”! Despite being on the
US market for about two decades, esomeprazole was
ranked ninth in the top 25 drugs by expenditures overall
list in 2015.531 At least one PPI is included in the top 10
drugs prescribed in Australia every year. In 2016-2017,
esomeprazole was featured in the top 10 drugs by
defined daily dose/thousand population/day and top 10
drugs by prescription counts.™!

Overutilization of PPIs is the global norm in both
inpatient and outpatient settings.®!  Inappropriate
assessment and insufficient re-evaluation of the
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contribute to this issue.” In theory, PPIs, particularly
omeprazole, may significantly attenuate the efficacy
of clopidogrel, increasing the risk of platelet
aggregation.”?  Omeprazole competitively  inhibits
the cytochrome P450 2C19-mediated metabolism of
clopidogrel into its active metabolite, thereby reducing
its antiplatelet effect.”? In 2009, the US Food and Drug
Administration (FDA) issued a warning statement to
avoid the concurrent use of omeprazole or esomeprazole
and clopidogrel.®) However, the Clopidogrel and
the Optimization of Gastrointestinal Events Trial
and recent observational studies failed to prove the
long-term clinical significance of the interaction between
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omeprazole and clopidogrel, and limited results were
found with other PPIs.!l' These studies raised the
concern that PPIs, as a group, might independently
increase the risk of myocardial infarction (MI). The post
hoc analysis of the Clopidogrel for the Reduction of
Events During Observation trial showed an association
between PPI use and cardiovascular events in the absence
of clopidogrel.'” In addition, a study by Goodman et al.
revealed that the concomitant use of PPIs and ticagrelor
has a similar association.['¥] Limited observational studies
also suggested that PPI use may increase the risk of MI
in the general population, albeit confounding variables
including adherence, over-the-counter use, and dosage
of PPIs were not considered.l'"*'] Various mechanisms
have been postulated with respect to this association.!®
It is widely believed that PPIs interfere with nitric oxide
synthesis by diminishing the vasoprotective effect of

endothelial nitric oxide synthase.l'! Nevertheless, the
clinical significance is questionable as the results from
different studies were either statistically insignificant or
invalid in vivo.['18]

To date, limited evidence exists to confirm the
association between PPI use and MI. As PPIs are widely
used at all levels of care and MI is a common cause of
death, it is important that further studies are conducted
to ascertain the association, if any, between PPI and MI.
This study aimed to investigate whether there is any
association between the use of different PPIs and MI by
determining the proportion of all side effects attributable
to each PPI which were ML

METHODS

This is a cross-sectional retrospective study of

FDA case reports of adverse events
associated with proton pump inhibitor use

Contains:

* Age

* Gender

* Adverse events
» Drugs taken

» Unique record identifier

Omeprazole || Esomeprazole || Pantoprazole
Drug file Drug file Drug file

Rabeprazole || Dexlansoprazole || Lansoprazole
Drug file Drug file Drug file

v

n =57 336

| Exclude 180 records of adverse event that are not associated with proton pump inhibitors use |

| Exclude 4713 records of adverse event which the patient is on more than one proton pump inhibitor |

Adverse effects file

Screened for “acute myocardial infarction,”
“ischemic cardiomyopathy,” “myocardial
infarction,” “myocardial ischemia,” “myocardial
necrosis marker increased,” “troponin |

increased,” “troponin T increased”
|

Drugs taken file

Screened for generic and brand
names of six proton pump
inhibitors
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Figure 1: Schematic representation of the study methodology
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cases of PPl-associated MI reported to the FDA.
This study defines “elderly” as those 65 years old
and above. The study methodology is illustrated
in Figure 1. This study received ethics approval
from the Curtin University Human Research Ethics
Committee (HRE2018-0050).

A request was made to the FDA for case reports
between December 2013 and April 2018 of adverse
events associated with the use of the six PPIs available
in the US (omeprazole, esomeprazole, pantoprazole,
rabeprazole, lansoprazole, and dexlansoprazole) from
their Adverse Event Reporting System (AERS) database.
From the list of adverse events , “acute MI,” “ischemic
cardiomyopathy,”  “MIL,” “myocardial ischemia,”
“myocardial necrosis marker increased,” “troponin I
increased,” and “troponin T increased” were selected as
indicating that an MI had occurred, and this formed the
endpoint for analysis.

De-identified data were received from the FDA as a
set of Microsoft Excel files, one for each PPI being
taken, and each of which contained details including
a unique record identifier, date of event, age, gender,
all adverse events experienced, and all drugs being
taken. A file of drug names associated with each
event was assembled, with one record for each drug
being taken, so that there were possibly several
records per event.

The file of drugs was imported into a SAS dataset
(SAS version 9.2, SAS Institute Inc., Cary, NC, USA,
2008). Each drug that a person was reported as taking
at the time of the adverse event was classified as
“suspicious” if the drug was suspected of causing the
event or “concomitant” if it was not under suspicion.
Records where the PPI was classified as “concomitant”
or where more than one PPI was identified as
contributing to the adverse event were removed from
the file, as it was not possible to determine which PPI
was being taken at the time of the adverse event. The
records included in the analysis have a single PPI listed
as the drug which was suspected of causing the adverse
event.

The final logistic regression model was obtained using
a backward elimination strategy, whereby all the PPIs
were initially identified and included in the model as
separate indicator variables along with age and gender.
The reference PPI was taken to be pantoprazole, so
that the odds ratios (OR) for MI for other PPIs were
expressed relative to this drug. The least significant
variable was dropped from the model (one at a
time), until all variables remaining in the model
were statistically significantly associated with the
outcome (P < 0.05).

RESuULTS

There were 52,443 records that met the criteria for
analysis. From these records, 726 individuals were
taking a PPI which was suspected of causing the MI
adverse event (1.38%). Among these individuals,
49.2% were female (n = 357) whereas 46.1% were
male (n = 335). Gender was not recorded for the
remaining 34 individuals (4.7%). Cases involving
elderly and nonelderly patients made up almost the same
proportion (41.9% and 40.2%, respectively), with age
missing for the remaining records. Where age or gender
was missing, these were classified as a separate category
for each variable, so that these records could still be
included for analysis.

Univariate analysis was carried out to determine the
possible association between each type of PPI, gender,
and age with MI [Table 1]. A Chi-square test was used
to check if any difference in the rate of MI between
those who were and were not taking a particular PPI
was statistically significant. Age and gender were
significantly associated with MI. Esomeprazole had the
largest proportion of users experiencing MI (1.81%).
Pantoprazole and omeprazole had similar percentages
of MI cases (1.29% and 1.26%, respectively). This was
followed by lansoprazole (0.91%), rabeprazole (0.85%),
and dexlansoprazole (0.64%).

A binary logistic regression model was fitted to the
data, with the occurrence of MI as the dependent

Table 1. Demographic characteristics of proton pump
inhibitor users with adverse effects from the Food and
Drug Administration Adverse Event Reporting System

database
Variable MI reported P
n/N* Percentage
PPI
Esomeprazole 324/17,918 1.81 <0.001
Lansoprazole 60/6622 0.91 <0.001
Omeprazole 209/16,561 1.26 0.103
Pantoprazole 114/8841 1.29 0.402
Rabeprazole 12/1409 0.85 0.083
Dexlansoprazole 7/1092 0.64 0.034
Gender
Male 335/17,833 1.88 <0.001
Female 357/29,669 1.20
Missing 34/4941 0.69
Age
<65 292/19,557 1.49 <0.001
>65 304/17,286 1.76
Missing 130/15,600 0.83

*The column headed n/N shows the number (n) of the total in each
row (V) who experienced a M1, P values are for the univariate
association between each independent variable and the occurrence
of MI. PPI=Proton pump inhibitor; MI=Myocardial infarction
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variable and different PPIs, age, and gender as
independent variables [Table 2]. With pantoprazole
as the reference PPI, and after adjusting for age and
gender, the OR associated with omeprazole was not
different from pantoprazole (OR = 1.00, 95% confidence
interval [CI]: 0.80-1.26, P = 0.99). While the OR for
dexlansoprazole (OR = 0.58, 95% CI: 0.27-1.24,
P = 0.16) and rabeprazole (OR = 0.65, 95% CI:
0.36-1.18, P = 0.16) were both lower than one (lower
likelihood of MI), neither were statistically significantly
different from the reference. A number of users for both
PPIs were very small in this study (2.08% and 2.69%,
respectively). Following the backward elimination
method, variables for these PPIs were removed from the

Table 2: Binary logistic regression analysis for reporting
of myocardial infarction (dependent variable)

Variable OR 95% CI P
PPI
Pantoprazole 1 (reference)
Esomeprazole 1.48 1.20-1.84 <0.001
Lansoprazole 0.72 0.52-0.98 0.038
Omeprazole 1.00 0.80-1.26 0.994
Rabeprazole 0.65 0.36-1.18 0.155
Dexlansoprazole 0.58 0.27-1.24 0.161
Age
>65 1 (reference)
<65 0.82 0.70-0.97 0.020
Age missing 0.51 0.41-0.64 <0.001
Gender
Male 1 (reference)
Female 0.63 0.54-0.73 <0.001
Gender missing 0.55 0.38-0.81 0.003

Results are obtained from a multivariate analysis, so that all odds
ratios are “after adjustment” for age and gender. OR=0dds ratio,
CI=Confidence interval, PPI=Proton pump inhibitor

Table 3: Logistic regression analysis for reporting of
myocardial infarction (dependent variable), following
“backward elimination” of independent variables which
showed no significant association

Variable OR 95% Cl1 P
PPI
Esomeprazole 1.53 1.31-1.79 <0.001
Lansoprazole 0.74 0.56-0.98 0.033
Other PPIs 1 (reference)
Age
>65 1 (reference)
<65 0.83 0.70-0.97 0.020
Age missing 0.51 0.41-0.64 <0.001
Gender
Male 1 (reference)
Female 0.63 0.54-0.73 <0.001
Gender missing 0.56 0.38-0.82 0.003

OR=0dds ratio, CI=Confidence interval, PPI=Proton pump inhibitor

model, implicitly collapsing these drugs, one by one,
into the reference group.

In the final model [Table 3], after adjustment for age
and gender, it appears that, compared to omeprazole,
pantoprazole, rabeprazole, and dexlansoprazole as a
single reference group, esomeprazole was associated
with a significantly higher rate of MI (OR = 1.53, 95%
CL: 1.31-1.79, P < 0.001), whereas lansoprazole was
associated with a lower rate of MI (OR = 0.74, 95% CI:
0.56-0.98, P = 0.03). The association with esomeprazole
is likely to be of greater clinical significance. The OR
was estimated to lie within the range of 1.31-1.79,
suggesting that esomeprazole was associated with at
least 31% higher odds of MI compared to the other PPIs.
The “protective effect” of lansoprazole was weaker, as
the upper end of the 95% CI was close to the null value
of one.

DiscusSION

The FDA data suggest that lansoprazole is associated
with a significantly lower risk of MI than esomeprazole.
Nevertheless, this does not necessarily imply that
lansoprazole provides cardiovascular protective effect
or that this PPI should always be preferred over
esomeprazole, as there are other factors that need to
be taken into consideration such as their potencies
and therapeutic effects. A meta-analysis suggested that
esomeprazole provides clinical benefits to patients
who have severe GI diseases, such as better healing
rate and greater symptomatic relief, when compared
with equipotent doses of other PPIs.'”! In addition,
it was estimated that esomeprazole appeared to be
approximately twice as potent as lansoprazole in its acid
suppression effect.? Therefore, esomeprazole could be
the preferred PPI in patients who have complicated GI
diseases or other comorbidities, which might be risk
factors for MI.

The FDA warning in 2009 may have influenced
trends in PPI use. Prescribers may have considered
pantoprazole as the most appropriate PPI in patients
with high cardiovascular risk because pantoprazole
appeared to be associated with a lower risk of
potential interaction with clopidogrel and therefore
the risk of reinfarction.?!) Based on the results of the
current study, the association between pantoprazole
and the risk of MI was found to be similar to
omeprazole, rabeprazole, and dexlansoprazole and
intermediate  between lansoprazole (lower) and
esomeprazole (higher), indicating that the increased
prescribing of pantoprazole in this group of patients
with predisposed cardiovascular risk may have been
wise.
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Dose and duration of PPI use could have confounding
effects on the association of PPI use and MI. Sehested
et al. suggested that while all PPIs had a similar risk
of MI at equivalent dose, high dose of pantoprazole
appeared to be associated with the highest MI
risk.”? A recent meta-analysis suggested that long-term
omeprazole use was associated with the highest risk of
cardiovascular events among all the PPIs.[**) The highest
risk of MI associated with esomeprazole use from the
FDA data was inconsistent with the result of the recent
meta-analysis. This warrants further studies to ascertain
whether the high prevalence of esomeprazole-associated
MI from the FDA data was due to the class effect or the
duration of exposure.

There are several limitations in this study. The FDA
data had a large number of records with missing
information for age (29.7%) and gender (9.4%).
Both of these missing categories were associated
with a lower risk of MI. One possible explanation
for this may be that the adverse event records were
more likely to be incomplete when they were less
serious. Nevertheless, when age and gender were
omitted from the final model, the ORs associated
with esomeprazole and lansoprazole, as well as their
P values, were substantially unchanged. This suggests
that age and gender, while significant themselves,
had no material impact on the results as far as the
PPIs are concerned.

Moreover, there is some uncertainty concerning the role
of the PPI in causing the reported adverse event as the
method of allocation of the “suspicious” code to each
drug is not clear. It was impossible to verify the accuracy
of the information as data are gathered by self-reports of
adverse events from patients, health-care professionals,
or manufacturers. Thus, the causal relationship between
the drug and adverse event, while suggestive from these
data, remains unproven.

In conclusion, esomeprazole appeared to have the
highest risk of MI among all the PPIs. On the contrary,
lansoprazole is suspected to be cardioprotective, albeit
this benefit is likely to be mild and requires further
investigation. Based on the findings of this study,
esomeprazole should at least be avoided in patients at
risk of MI. This study has highlighted a need for further
research, especially those with a prospective design, to
ascertain if a causal relationship between PPI use and
MI exists.
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