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1. INTRODUCTION

Acid suppressing drugs (ASDs), such as histamine-2-receptor antagonists (H2-RAS)
and proton pump inhibitors (PPIs), are the cornerstones in the therapy of diseases in which
gastric acid has a causative primary or contributory role to prevent the damage or to propagate
the healing of gastric mucosa. Nowadays, PPIs are among the most commonly prescribed
drugs with constantly increasing usage, while several studies raise concerns regarding their
overprescription without further re-evaluation or termination of these treatments, which could
lead to prolonged administration with short and long term side effects. Possible reasons for
continuous increase in ASD intake can be the empirical treatment of various gastrointestinal
(GI) symptoms and prescriptions for inappropriate conditions (1-3).

Acute pancreatitis (AP) is an acute inflammatory condition of the pancreas. Its global
incidence is 30-100 cases per 100,000 general population per year, and it is one of the most
frequent GI causes of hospital admission (4). Unfortunately, research activity in the field is
more underrepresented than it should be (5). Not surprisingly, there is no specific therapy
available for AP, symptomatic and curative treatments are established based on guidelines and
the prior experience of the medical staff. Despite the fact that ASDs are routinely
administered in clinical practice in the majority of AP cases, strikingly, current national and
international guidelines do not include any information on their administration in AP (6-9),
and there are no well established randomized controlled trials (RCTs) or detailed cohort
analyses which would analyze their safety and efficacy. Conventionally, the management of
AP patients included nothing by mouth from the time of hospital admission. It was believed
that by doing so the inflamed pancreas can rest, because fluid intake or solid nutrients would
stimulate exocrine pancreatic functions and promote the release of proteolytic enzymes.
However, prior studies failed to support this idea and showed no benefit from fasting or
nasogastric suction (10-11). In experimentally induced pancreatitis, results showed that
pantoprazole treatment reduced tissue infiltration of inflammatory cells and acinar cell
necrosis in severe AP. They concluded that pantoprazole possesses anti-inflammatory in vivo
properties and attenuates the course of AP (12). During fasting, ASD administration could be
a potentially good therapeutic option in patients with AP for the protection of the upper Gl
mucosa and to rest the inflamed pancreas. Patients with severe AP, especially those who
require intensive care treatment or mechanical ventilation are carrying a higher risk for stress-
related acute gastric mucosal lesions (13), which can lead to ulceration and GI hemorrhage.
There are contradictory results in the literature on the beneficial and harmful effects of ASD



-6-

administration in patients with AP (13-17). Such therapy might be beneficial if it decreases
severity or mortality; however, acid suppression can be harmful as it might increase the risk
for Gl infections. Although many international cohort studies were published in AP (18-20),
few data are available on the use of ASDs, Gl bleeding and infection.

To protect the GI mucosa, PPIs are administered not only in GI disorders, but to
implement secondary prevention in patients with prior cardiovascular (CV) diseases and long
term antithrombotic therapy. A combination of antiplatelet drugs is used for the treatment of
acute coronary syndrome (i.e., aspirin and thienopyridines) and for the secondary prevention
of further CV events (21). Dual antiplatelet therapy is followed by possible side-effects, such
as higher risk for Gl bleeding, increasing both mortality and ischaemic complications (22-23).
To reduce the risk of Gl bleeding in patients with risk factors, PPIs are strongly recommended
by the American College of Cardiology Foundation, the American College of
Gastroenterology and the American Heart Association (23-25) for these patients. Clopidogrel,
a thienopyridine derivative, inhibits platelet aggregation and is commonly used for prevention
against CV events. However, the literature consists of contradictory findings on the
concomitant use of clopidogrel and PPIs. In vitro findings suggested that PPIs reduce the
antiplatelet effect of clopidogrel (26), followed by several clinical studies with contradictory
outcomes (27-42). A reason for a possible interaction between the drugs is that they are
metabolized by similar cytochrome P450 enzymes in the liver. Due to competitive inhibition,
PPIs could prevent the formation of the active metabolite of clopidogrel, therefore causing
reduced anticoagulant effect and further CV complications. Even though international
guidelines are recommending their concomitant administration, there are still contradictory
data on them in the literature. A higher risk for CV outcomes was found in several studies,
systematic reviews and meta-analyses in patients with clopidogrel on PPI therapy. Generally,
whenever observational studies were included, a positive association was described, a higher
risk for CV outcomes was found in patients with clopidogrel and PPI therapy. On the other
hand, whenever propensity-matched groups were compared the difference between the groups
disappeared (32, 41, 43-45).



1. AIMS

Therefore, our first aim was to understand the current national and global practice of
ASD administration in patients with AP, to investigate their effect on the disease outcome
(severity and mortality), and to analyze the efficacy and safety of these drugs in this patient
population by evaluating the risk of Gl bleeding and GI infection with a retrospective cohort
analysis.

Furthermore, our aim was to carry out a precise investigation on the potential CV risks
in co-administration of clopidogrel and PPIs with a systematic review of the current literature

and a meta-analysis of available data.



IV. MATERIALS AND METHODS

IVV.1) Cohort analysis
IV.1.1.) Patients and data collection

To assess the worldwide trend of ASD administration in AP patients, an invitation
letter was sent out to the members of the International Association of Pancreatology in
January 2019 to participate in the present study. The time period of data collection was from
January 2013 to December 2018. The study was approved by the Scientific and Research
Ethics Committee of the Medical Research Council in Hungary (TUKEB-22254-
1/2012/EKU).

Centers had to provide data on the gender and age of the patient, severity of
pancreatitis and mortality. In addition to the general demographic data, they had to indicate
whether the patients received ASDs (PPl or H2-RA) upon admission, during hospitalization
and at discharge irrespectively to its indication, timing, dosing and form of administration.
Centers had to include data on the signs and cause of Gl bleeding. It had to be recorded if a
stool culture test (SCT) was performed along with its result. In the case of positive testing, the
name of the pathogen had to be included.

Based on the data above, patients were assigned to two groups depending on their
ASD administration status during hospitalization, one which received ASD treatment (group
‘ASD’) and the other which did not (group ‘NoASD’). In the case of GI bleeding and GI
infection, the ASD treatment in the hospital was the indicator to assign a patient to ‘ASD’ or

‘NoASD’ groups.

IV.1.2.) Data quality

Data were complete on age, gender, severity of AP and mortality, in hospital ASD
administration, registering the signs of Gl bleeding, and whether SCT was performed or not
and its result. ASD administration was unknown on admission in 1,046 of the cases, and in 10

patients at discharge. The cause of Gl bleeding was unknown in 5 patients.

IV.1.3.) Diagnostic criteria

The diagnosis of AP was based on the IAP/APA evidence-based guidelines for the
management of AP Al recommendation (6). At least two from the following three criteria
should be confirmed in patients: clinical (upper abdominal pain), laboratory (serum amylase
or lipase >3x upper limit of normal) and/or imaging (CT, MRI, ultrasonography). Severity of

pancreatitis was determined based on the revised Atlanta classification (46). This
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classification defines three degrees of severity: mild, moderately severe (moderate) and severe
AP.

Signs of Gl bleeding were provided by each center. These included positive rectal
digital examination, macroscopically observed bleeding in the stool, vomit or gastric juice,
positive stool blood test, and bleeding verified by an imaging technique. Bleeding cases that
occurred in association with endoscopic retrograde cholangio-pancreatography (ERCP) were
excluded since administration of ASDs does not have an effect on this type of bleeding. If the
cause of the GI bleeding could not be determined, patients were not included in the analyses
regarding Gl bleeding.

The presence of pathogens in the stool verified by laboratory testing was considered
Gl infections. Non-specific signs such as fever, diarrhea and vomiting without testing were

not accepted. The pathogens were identified for each patient.

IV.1.4.) Statistical analysis

To identify differences between categorical variables the Chi-square with Fisher's
exact test was used. The significance level was set at 0.05. Binary logistic regression with
stepwise forward elimination was used to observe independent prognostic factors (age,
gender, severity, ASD treatment, Gl bleeding and infection) for the main outcomes (ASD
administration, Gl bleeding and infection). All statistical analyses were performed by using
IBM SPSS Statistics for Windows software, Version 25.0 (IBM Corp., Amonk, NY, USA).

IV.2.) Systematic review and meta-analysis

IV.2.1.) Literature search

A systematic review of studies was performed accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) Statement (47). After
developing our clinical question and translating it into a well-defined systematic review
question based on the PICO format (Patients, Interventions, Comparators and Outcomes), a
manual search of medical databases, including PubMed (MEDLINE), Embase and the
Cochrane Central Register of Controlled Trials, was performed for human observations using
the following PICO format: P: patients on clopidogrel; I: patients treated with PPI; C: patients
without PPI treatment; O: cardiovascular risk. Two independent investigators separately
screened the titles and abstracts for eligible studies published from inception to 30 December
2016. The flowchart for this process is shown in Figure 5. After searching the international

prospective register for systematic reviews (PROSPERQ) for ongoing or completed meta-
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analyses on the examined effects of PPIs, the present meta-analysis was registered on
PROSPERO under No. CRD42017054316.

IV.2.2.) Study selection

Inclusion criteria: (1) randomized or observational studies (cohort and case-control
studies) carried out either in a retro- or prospective manner; (2) only adult patients (over 18
years); (3) patients receiving clopidogrel treatment; (4) should compare PPI takers
(omeprazole, pantoprazole, esomeprazole, lansoprazole and/or rabeprazole; all doses) and
non-PPI takers; (5) we only involved studies that stated exact patient number in the preferred
groups (total number of patients, patients who received clopidogrel and PPI, outcome
number); (6) human studies; (7) studies should show data for either one or more of the
following outcomes: (1) major adverse cardiac event (MACE): composite of cardiac and non-
cardiac death, non-fatal myocardial infarction, target vessel failure; (2) myocardial infarction
(MI): myocardial infarction or new, definitive major coronarographic defect; (3) CV death:
only CV death. Studies published in English were selected. Duplicates were eliminated from
the analysis manually. Disagreements were resolved by consulting a small committee of three

researchers.

IV.2.3.) Data extraction

Numeric and texted data were extracted from the eligible articles as follows: author,
publication year, study type, study endpoints, number of patients in the study, in PPI and in
non-PPI treatment groups, and number of patients who received clopidogrel. We also
collected the specified generic name of the PPl and patient number if indicated. For study
characteristics we collected numeric and texted data as follows: country/region, mean follow
up, number of male patients, mean age and mean body mass index, other medications
(angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, statin), cardio- and
cerebrovascular history (Ml, percutaneous coronary intervention, stroke) and CV risk factors

(hypertension, diabetes mellitus, dyslipidaemia, smoking) in the non-PP1 and PPI groups.

IV.2.4.) Risk of bias

The Newcastle-Ottawa quality assessment scale (48) has been edited to our study
design, and was used to assess the quality of observational studies and post-hoc analyses of
RCTs (Figure 9). We used the Cochrane risk of bias tool (49) for quality assessment of RCTs
(Figure 10).
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IV.2.5.) Statistical analysis

We calculated risk ratio/relative risk (RR) and 95% confidence interval (Cl) for CV
events (MACE, MI and CV death). As secondary analyses, pooled hazard ratios (HRs) and
95% CI were calculated for the adjusted events for all three major outcomes, which were
available from observational studies. Between-study heterogeneity was tested with the 1
statistic, where 12 is the proportion of total variation attributable to between-study variability.
I heterogeneity was interpreted according to the Cochrane Handbook for Systematic Reviews
and Interventions recommendation: 0-40%: might not be important; 30-60%: may represent
moderate heterogeneity; 50-90%: may represent substantial heterogeneity; 75-100%:
considerable heterogeneity (50). Fixed or random effects models were used for comparison
between the two groups (clopidogrel alone or clopidogrel plus PPI), based on the degree of
heterogeneity, or based on methodological factors such as difference between study designs or
applied PPIs, not homogeneous patient population etc. We estimated the effect of follow up
and age on the risk of the three major outcomes by performing random effects meta-
regression expressed as standard error and 95% CI. P values of less than 0.05 for relative risks
and standard errors, and p values of less than 0.10 for heterogeneity were considered as
indicators of significance. Publication bias was estimated through a visual inspection of
funnel plots (Figure 11A-C). All analyses were performed with the Review Manager
(RevMan) software, Version 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).
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V. RESULTS

V.1.) Cohort analysis
V.1.1.) Characteristics of the Cohort

Data of 17,422 adult patients with AP were collected retrospectively from 59 centers.
9,803 of patients were male (56.3%) and 7,619 were female (43.7%) (Figure 1A), the average
age was 56.4 years (Figure 1B) in the cohort. In the studied population 10,490 (60.2%) of
patients had mild, 4,508 (25.9%) had moderate and 2,424 (13.9%) had severe AP (Figure 1C).
In total 4.6% (800 patients) of patients died; the mortality rate was 0.4% (n=44/10,490) in
mild, 1.5% (n=68/4,508) in moderate and 28.4% (n=688/2,424) in severe AP (Figure 1D).
Upon admission, 23.3% of patients (n=3,817/16,376) took some kind of ASD (Figure 1E).
From these patients, 88.3% (n=3,369/3,817) was admitted with a PPI, 11.3% (n=432/3,817)
with a H2-RA, and 0.4% (n=16/3,817) received both kind of ASD. During hospitalization,
86.6% of patients (n=15,096/17,422) received ASD treatment (Figure 1E), 81.8%
(n=12,354/15,096) of these patients had only PPIs, 15.4% (n=2,331/15,096) had solely H2-
RAs and 2.7% (n=411/15,096) had both PPIs and H2-RAs. At the time of discharge from the
hospital, 57.6% of patients (n=10,034/17,412) were prescribed an ASD (Figure 1E), 92.6%
(n=9,293/10,034) of them received prescription for PPIs, 7.3% (n=734/10,034) for H2-RAs
and 0.1% (n=7/10,034) for both ASDs. For the following parameters in the result section,
only data during hospitalization were analyzed.
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Figure 1. Cohort characteristics. A) Gender distribution of acute pancreatitis (AP) patients. B) Age distribution
of AP patients. C) Disease severity in the included AP patients. D) Mortality rate in all AP patients and in the
different severity groups. E) Number (n) and percentage of patients with or without acid suppressing drug (ASD)
treatment on admission, in the hospital and at discharge.

V.1.2.) Acid suppression therapy is associated with more severe AP and higher mortality
Patients were assigned to ‘ASD’ or ‘NoASD’ groups based on their ASD
administration status in the hospital. Among ‘ASD’ patients mild AP (n=8,649/15,096,
57.3%) was significantly less frequent compared to those in the ‘NoASD’ group
(n=1,841/2,326, 79.1%, p<0.001). However, in case of moderate and severe pancreatitis, there
were significantly more patients in the ‘ASD’ group (moderate: n=4,139/15,096, 27.4%;
severe: n=2,308/15,096, 15.3%) than in the ‘NoASD’ group (moderate: n=369/2,326, 15.9%,
p<0.001; severe: n=116/2,326, 5.0%, p<0.001) (Figure 2A). Mortality was significantly
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higher in patients with acid suppressing therapy (n=744/15,096, 4.9%) compared to those
without acid suppression (n=56/2,326, 2.4%, p<0.001) (Figure 2B). Based on the results of
logistic regression, the patients’ gender did not influence the administration of ASD treatment
(OR=1.015, 95% CI1=0.927-1.110, p=0.748); however, older age (OR=1.006, 95% CI=1.003-
1.008, p<0.001) and worse than mild AP severity (OR=2.202, 95% CI=2.031-2.387, p<0.001)

increased the patients’ chance for receiving ASDs during hospitalization.

A
ASD NoASD
Severe
Severe 5.0%
15.3% _
'.
B
MILD MODERATE  [IINSEVERENN MORTALITY
GROUPS n % n % n % n % n %
ASD | 1509 | 866 8649 824 4139 918 2308 95.2 744 49
NoASD | 2326 | 134 1841 17.6 369 8.2 1186 48 56 24

17422 10,490 1000 4508 1000 2424 100 800

Figure 2. Disease severity and mortality rate in patients with or without acid suppressing drug (ASD)
treatment. A) Disease severity in patients with (ASD) or without ASD (No ASD) therapy. B) Number (n) and
percentage of patients who received ASDs in the different severity groups, and mortality rates in ASD and No

ASD groups.

V.1.3.) Acid suppressing drug therapy is associated with higher risk for Gl bleeding in AP
Data for 17,282 patients were evaluated after excluding ERCP-associated bleedings
and bleedings of unknown origin. From these patients, 817 (4.7%) had Gl bleeding (Figure
3A). The number of patients having mild pancreatitis without Gl bleeding was significantly
higher compared to those with Gl bleeding (n=10,193/16,465, 61.9% vs. n=221/817, 27.1%,
p<0.001, respectively). However, among patients with Gl bleeding there were significantly
more moderate (No bleeding: 4,181/16,465, 25.4% vs. Bleeding: n=283/817, 34.6%, p<0.001)
and severe AP (No bleeding: 2,091/16,465, 12.7% vs. Bleeding: n=313/817, 38.3%, p<0.001)
cases (Figure 3B). In case of Gl bleeding, the rate of mortality was significantly higher
compared to patients without bleeding (No bleeding: n=650/16,465, 3.9% vs. Bleeding:
n=138/817, 16.9%, p<0.001) (Figure 3B). There were significantly more patients suffering
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from GI bleeding while receiving acid suppressing treatment compared to those who did not
(‘ASD’: n=766/14,975, 5.1% vs. ‘NoASD’: n=51/2,307, 2.2%, p<0.001, respectively) (Figure
3A).

The age (OR=0.998, 95% CI=0.992-1.005, p=0.585) and the gender (OR=0.915, 95%
CI=0.732-1.143, p=0.432) of patients did not influence the chance of GI bleeding; however,
worse AP severity carried an almost 3 times higher probability of Gl bleeding (OR=2.994,
95% Cl1=2.623-3.418, p<0.001). Furthermore, ASD treatment during hospitalization increased
the chance of Gl bleeding by 1.5-fold (OR=1.543, 95% CI=1.040-2.291, p=0.031), and in
case of verified Gl infection the chance of GI bleeding was almost 2.8 times higher
(OR=2.789, 95% CI1=1.997-3.894, p<0.001).

A
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8 4
6 a 4.70/0 5.10/0
4 e
2.2%
2 -4
0 - Ll Ll g |
All ASD No ASD
B | Glbleeding No Gl bleeding
Severe
Severe 12.7%
38.3%
C
MILD MODERATE SEVERE MORTALITY
n % n % n % n %
[ Gl bleeding 221 21 283 6.3 313 130 138 169
hoGl bleeding| 10,193 | 979 4,181 937 2091 87.0 650 39

Figure 3. Disease severity and mortality rate in patients with or without gastrointestinal (GI) bleeding. A)
Percentage of patients with Gl bleeding in the entire cohort, in patients with or without acid suppressing drug
(ASD) treatment. B) Disease severity in patient with and without Gl bleeding. C) Number (n) and percentage of
patients who had Gl bleeding or did not have Gl bleeding in the different severity groups and mortality rates.
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V.1.4.) Characterization of patients undergone SCT

From the 17,422 patients, an SCT was performed in 1,102 cases (6.3%) (Figure 4A).
There were significantly more patients with mild AP who did not undergo stool culture testing
(NoSCT: n=9,961/16,320, 61% vs. SCT: n=529/1,102, 48%, p<0.001). In case of moderate
and severe AP, the number of patients that underwent testing during hospitalization was
significantly higher (NoSCT: n=4,214/16,320, 25.8% vs. SCT: n=294/1,102, 26.7%, p<0.001
and NoSCT: n=2,145/16,320, 13.2% vs. SCT: n=279/1,102, 25.3%, p<0.001, respectively)
(Figure 4B). Mortality was significantly higher in patients with stool culture testing (NoSCT:
n=698/16,320, 4.3% vs. SCT: n=102/1,102, 9.3%, p<0.001) (Figure 4C). The frequency of
SCT orders increased with the severity of AP, mild: 5.0% (n=529/10,490), moderate 6.5%
(n=294/4,508), severe: 11.5% (n=279/2,424). From the 1,102 patients who underwent stool
culture testing, 313 of them (28.4% of tested patients) had positive results. The most common
pathogens causing GI infections were Clostridium difficile (n=210/347, 60.5%) and the
Klebsiella species (n=35/347, 10.1%) (Table 1), and there was only a single pathogen verified
in 91.4% of the cases (n=286/313) (Table 1).

V.1.5.) Acid suppressing treatment is not associated with higher risk for Gl infection

Among patients with Gl infections, there was a significantly lower number of patients
in the mild AP group (n=95/313, 30.4%) compared to the number of mild cases in patients
without an infection (n=434/789, 55%, p<0.001) (Figure 4D). We found significantly more
moderate (Positive: n=103/313, 32.9% vs. Negative: n=191/789, 24.2%, p<0.001) and severe
(Positive: n=115/313, 36.7% vs. Negative: n=164/789, 20.8%, p<0.001) cases in patients with
positive SCT (Figure 4D). In patients with GI infection, the mortality rate was significantly
higher compared to the rate in the group tested negative for Gl infections (Positive: n=42/313,
13.4% vs. Negative: n=60/789, 7.6%, p=0.003) (Figure 4E). Gl bleeding was significantly
more frequent in patients with verified Gl infection (Gl bleeding and Gl infection: n=54/302,
17.9% vs. Gl bleeding without Gl infection: n=81/770, 10.5%, p=0.001) (Table 2). There was
no significant difference in the occurrence of Gl infection between patients with or without
ASD treatment (‘ASD’: n=285/986, 28.9% vs. ‘NoASD’: n=28/116, 24.1%, p=0.276) (Table
3).

Investigating the different factors that could have an effect on the above results we
found that the age (OR=0.999, 95% CI=0.992-1.006, p=0.781) and the gender (OR=1.073,
95% CI1=0.847-1.359, p=0.559) of patients, and whether they received ASDs or not
(OR=1.447, 95% CI=0.969-2.161, p=0.071) did not have an impact on the chance of having
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Gl infection; however, patients with worse than mild AP severity had a 2.5 times higher odds
for Gl infections (OR=2.5, 95% CI=2.178-2.870, p<0.001).

A D _ E
evere .
Mild 13.4%
fs c: 62%,— — i i 36.7% ~ 3':'.[15"'“ ’
!
I b
I I

I
l'---'\

Moderate
32 9%,

Severe 76%

20.8%

Mild
55.0%

Moderate
24.2%

NoSCT

Severe

Severe

0,
25.3% Mild

48.0%
Moderate

Mild
Moderate 61.0%
26.7%

Cc

NoSCT

Figure 4. Disease severity and mortality rate in patients undergone stool culture testing (SCT). A)
Percentage of patients who had SCT. B-C) Severity of acute pancreatitis and mortality rate in tested and not
tested patients. D-E) Severity and mortality in patients with or without gastrointestinal infection.
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A SEVERITY GIBLEEDING | MORTALITY
Name of pathogen Number | % MILD MODERATE = SEVERE Yes Yes
Clostridium difficile 210 B0.5 | BO(EEE%Y%) | 72(E4.3%) | 7B (E7.1%) | 38(18.1%) 25(11.9%)
Klebsiella spp 35 1001 | 1337 1%) | 7(200%) | 15(42.9%) 4011.4%) 5(14.3%)
Pseudomonas aeruginosa 24 B9 4(16.7%) 937 .5%) | 11 (35.8%) B (25.0%) 7 [29.2%)
Candidaspp 18 52 | G44.4%) B (33.3%) 422 2%) 3(16.7%) 00.0%)
Escherichia coli 14 40 | 2014.3%) B (42.9%) B (42.9%) 321.4%) 428.6%)
Enterococcus faecium 10 29 | 2(0.0%) 3(30.0%) 5 (50.0%) 2020.0%) 1(10.0%)
Enterobacter spp al 1.4 010.0%) 010.0%) 4 (100.0%) 00.0%) 1(20.0%)
Helminthiasis al 14 | 2{40.0%) 3 (B0.0%) 00.0%) 1(20.0%) 2040.0%)
Proteus spp 4 12 | 2{E0.0%) 010.0%) 2(50.0%) 00.0%;) 00.0%;)
Acinetobacter spp 3 09 010.0%) 010.0%) 3(100.0%) 0{0.0%) 1(33.3%)
Campylobacter spp 3 0s 1(33.3%) 1(33.3%) 1(33.3%) 00.0%;) 00.0%;)
Helicabacter pylar 3 0.9 | 30100.0%) 010.0%) 00.0%) 0{0.0%) 0{0.0%)
Salmanella spp 3 s 1(33.3%) 2 (B6.7%) 0{0.0%) 0{0.0%) 0{0.0%)
Citrabacter freundi 2 0.6 00.0%) 010.0%) 20100.0%) 1(50.0%) 1(50.0%)
Marganella marganii 2 0.6 010.0%) 010.0%) 2(100.0%) 1(50.0%) 2(100.0%)
Staphylococcus aureus 2 0.6 0{0.0%) 0{0.0%) 2(100.0%) 00.0%) 2(100.0%)
Amoebiasis 1 0.3 010.0%) 1(100.0%) 00.0%) 00.0%) 00.0%)
Serratia marcenses 1 03 0{0.0%) 1(100.0%) 0{0.0%) 0{0.0%) 0{0.0%)
Shigella 1 0.3 0(0.0%) 1(100.0%) 00.0%;) 1(100.0%) 1(100.0%)
Stenotrophomaonas maltophilia 1 0.3 0i0.0%) 0§0.0%) 1(100.0%) 1(100.0%) 0(0.0%)
347 100
B SEVERITY MORTALITY
Number of pathogens Number % MILD MODERATE SEVERE Yes

1 2486 1.4 93 (32.5%) 95 (33.2%) 93 (34.3%) 35 (12.3%)

2 21 5.7 10(4.8%) 7 (33.3%) 13(61.9%) O227%)

3 5 16 1(20.0%) 1(20.0%) 3 (60.0%) 1(20.0%)

4 1 (] 00.0%) 00.0%;) 1(100.0%) 1(100.0%)

Table 1. Detailed stool culture test results. A) Table of the different pathogens with patient number and
percentage, severity, gastrointestinal (Gl) bleeding and mortality. B) Patient number and percentage, severity and

33

100

mortality in case of one or more Gl pathogens.

No bleeding Gl bleeding

n % n %
NEGATIVE SCT 689 89.5 81 10.5
POSITIVE SCT 248 82.1 54 17.9

Table 2. Gastrointestinal (Gl) infection in patients with or without GI bleeding. Results of stool culture

42

testing (SCT) in patients with or without GI bleeding with patient number (n) and percentage.

No ASD ASD
n % n %
NEGATIVE SCT 88 75.9 701 711
POSITIVE SCT 28 24.1 285 28.9

Table 3. Gastrointestinal infection in patients with or without acid suppressing drug (ASD) treatment.
Result of stool culture testing (SCT) in patients with or without ASD therapy with patient number (n) and
percentage.
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V.2.) Systematic review and meta-analysis
V.2.1.) Study selection

236 articles were identified in the preliminary search. 192 studies were excluded
(Figure 5). 76 publications (25 full texts, 10 abstracts and 41 articles from previous meta-
analyses) were assessed for eligibility and qualitative synthesis. 47 of them were excluded due
to insufficient data on study groups and another two for statistical reasons (the event rate was
zero). A total of 27 studies (32-40, 51-68) were selected for quantitative analyses. The
researchers and committee involved in the selection were in total agreement on all the

inclusions and exclusions.

Records identified through database searching:
5 PubMed (MEDLINE) n=294

= Embase n=138

= Cochrane Central Register of Controlled Trials n=43

=

=
>

=

L s Records excluded

¢ = n=239
Records screened by titles and abstracts

g n=236 Records excluded n=192

= Reasons: duplicates, topic not relevant,

g | publication type not eligible, article not in

S » | English, abstract not available, full-text

C > : . :

@w article not accessible, patients not adults,
not every patient received clopidogrel, does
not compare PPI-no PPI groups, outcome
data not relevant and not sufficient

Full-text publications and abstracts*

& assessed for eligibility and qualitative synthesis

-

= n=76

= (35 publications+9 previous meta-analyses including 41 other articles)

&b Records excluded n=49

= » | Reasons: not every patient received

| clopidogrel, outcomes not relevant,
outcome data not relevant
Studies included in metaanalysis:
n=27 publications
=
>
-
=
=}
3 v v v
—_
I n=23 articles for MACE I I n=10 articles for CV death I n=14 articles for MI

Figure 5. Flowchart for study selection and inclusion.
(CV: cardiovascular; MACE: major adverse cardiac event; MI: myocardial infarction; PPI: proton pump
inhibitor; x: full articles were not available by any suitable sources)

V.2.2.) Study characteristics

Altogether, we found data for MACE in 23 publications (31, 33-38, 40, 51, 53, 55-63,
65-68), for CV death in 10 (32-33, 35, 40, 58-60, 63, 65-66, 68), and for Ml in 14 (32-33, 36,
38, 40, 52, 54, 58-60, 64-66, 68).

Seventeen of them were observational studies, 16 were cohorts (32, 34-35, 37-38, 52-
54, 57-59, 63-67), and one was a case-control study (36). Data from ten RCTs (31, 33, 40, 51,
55-56, 60-62, 68) were also collected. As post-hoc analyses of RCTs, in four studies (31, 40,
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60, 68) the populations and outcome of our interest (clopidogrel plus PPI versus clopidogrel
plus non-PPI treatment) were not randomized, therefore, their data were included in the
statistical analyses of observational studies. The method and the study selection are shown in
Figure 5. All the studies included were published between 2009 and 2016. The characteristics
of the studies involved in the meta-analysis are summarized in Table 4A-E.

The number of patients involved was 156,823. A total of 63,756 received PPI plus
clopidogrel treatment (ranging from 18 to 6,843), and 99,910 (ranging from 20 to 17,949)
were in the clopidogrel alone group. Risk of MACE was determined from data from 127,695
patients, Ml risk was assessed on the basis of data from 82,330 patients, and risk of CV death
was evaluated based on data from 53,905 patients. The PPIs used in the studies were
esomeprazole, omeprazole, pantoprazole, rabeprazole and lansoprazole, but in this meta-
analysis as a subgroup analysis we only drew conclusions on the results for omeprazole,
esomeprazole and pantoprazole due to the low number of studies separating data for different
PPlIs.

Event Event Event
Reference, year Study type Number of PPI PPI (number number: number: CV number: Ml
' patients (generic name) of patients) MACE death (PPI gréup)
(PPI1 group) (PPI1 group)
Ng et al, 2012 RCT 311 Esomeprazole 163 7
Yano et al, 2012 RCT 130 Omeprazole 65 8
Hsu et al, 2011 RCT 42 Esomeprazole 21 4
Ren et al, 2011 RCT 172 Omeprazole 86 22
Bhatt et al, 2010 RCT 3761 Omeprazole 1876 55 5 14
Cai etal, 2010 RCT 60 40 10
Omeprazole
Pantoprazole
Gargiulo et al, RCT 1970 738 85 29 41
2016 (post-hoc Pantoprazole 56
analysis) Lansoprazole 671
Omeprazole, 11
esomeprazole,
rabeprazole
Burkard et al, RCT 801 109 33 10 25
2012 (post-hoc Esomeprazole 55
analysis) Pantoprazole 27
Omeprazole 19
Goodman et al, RCT 9276 3255 398 180 245
2012 (post-hoc Omeprazole 1592
analysis) Pantoprazole 973
Esomeprazole 387
Lansoprazole 251
Rabeprazole 51
O’Donoghue et RCT 13608 4529 255
al, 2009 (post-hoc Omeprazole 1675
analysis) Pantoprazole 1844
Lansoprazole 441
Esomeprazole 613
Ayub et al, 2016 | Observational 740 Omeprazole 332 30
cohort Esomeprazole 40 6
Pantoprazole 81 10
Weisz et al, Observational 8581 NS 2162 238 58 100
2015 cohort
Hokimoto et al, | Observational 174 Rabeprazole 50 5
2014 cohort
Shih et al, 2014 Observational 2703 NS 1351 12
cohort
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Event Event Event
Reference, year Study type Number of PPI PPI (number number: number: CV number: M1
' patients (generic name) of patients) MACE death (PP grc;up)
(PPI group) (PPI group)
Zou et al, 2014 Observational 7653 6188 860 223 132
cohort Omeprazole 5587
Pantoprazole 407
Esomeprazole 194
Chitose et al, Observational 630 NS 187 7 4 1
2012 cohort
Rossini et al, Observational 1328 1158 87
2011 cohort Lansoprazole 853
Pantoprazole 178
Omeprazole 125
Simon et al, Observational 2353 1453 94 24
2011 cohort Omeprazole 993 43
Esomeprazole 311 20
Pantoprazole 99 12
Lansoprazole 46 1
Charlot et al, Observational 24702 NS 6753 1058
2010 cohort
Evanchan et al, Observational 5794 1369 356
2010 cohort Esomeprazole 749
Lansoprazole 36
Omeprazole 163
Pantoprazole 693
Guptaetal, Observational 315 72 40 14
2010 cohort Rabeprazole,
omeprazole,
lansoprazole
Hudzik et al, Observational 38 Omeprazole 18 10 6
2010 case-control
Kreutz et al, Observational 16690 6828 1710
2010 cohort Omeprazole 2307
Pantoprazole 1653
Lansoprazole 785
Esomeprazole 3257
Ray et al, 2010 Observational 16221 7226 461
cohort Omeprazole 683
Pantoprazole 4708
Lansoprazole,
rabeprazole,
esomeprazole
Stockl et al, Observational 2066 1033 133
2010 cohort Pantoprazole 659
Rabeprazole 159
Omeprazole 86
Lansoprazole 83
Esomeprazole 46
Van Boxel et al, Observational 18139 5734 754 84
2010 cohort Omeprazole 1826
Pantoprazole 2618
Esomeprazole 1092
Rabeprazole 133
Lansoprazole
Rassen et al, Observational 18565 3996 61 238
2009 cohort Omeprazole,

rabeprazole,
esomeprazole,
lansoprazole,
pantoprazole

Table 4A. Study characteristics

(CV: cardiovascular; MACE: major adverse cardiac event; MI: myocardial infarction; NS: not shown/not
specified; PPI: proton pump inhibitor; RCT: randomized controlled trial.)
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Nt eer | RO PPI | NonPPI | PPI
Study Country/region Mean follow-up l\/(lrz:\)le I\?rz:\)le '\gzzn Ng/zgrz?e ’\éﬁjz ’\éﬁjz
(years) (kg/m?) (kg/m?)

Ayub etal, 2016 South Asia 24 months 216 331 56,2 57,8 26,5 26,3
Gargiuloetal, 2016 | )y 24 months 976 535 68,1 71,2 26,9 26,2
Weisz et al, 2015 USA, Germany 24 months 4834 | 1522 63,3 64,6 295 294
Hokimoto et al, 2014 Japan 18 months 89 28 68,8 69,7 24,3 233
Shih et al, 2014 Taiwan 4 months 64675 | 64675 49,3 49,3
Zouetal, 2014 China 12 months 1083 4548 65,7 66,2 25,2 25,1
Burkard et al, 2012 Switzerland 36 months 75 553 63,3 66,5
Chitose et al, 2012 Japan 18 months 326 139 69,6 69,7 24 24,2

Europe, Middle East,

Africa, Asia, Australia,
Goodman et al, 2012 North America, Central | 12 months 8585 4734 62 63

Amer!ca, South

America
Ng etal, 2012 Hong Kong 4 months 107 126 63,1 64,3
Yano etal, 2012 Japan 12 months 52 50 66 67
Hsu et al, 2011 Taiwan 6 months 59 65 733 70,6
Ren et al, 2011 China 1 month
Rossini et al, 2011 NS 12 months
Simon et al, 2011 France 12 months 644| 1058 65 64 27,5 271
Bhatt et al, 2010 15 countries (NS) 3.5 months 1308 | 1255 68,7 68,5 283 284
Cai et al, 2010 NS 1 month
Charlot et al, 2010 Denmark At least 30 days 12801 | 1775 64,1 67.5
Evanchan et al, 2010 NS 12 months 62,9 63,5
Gupta et al, 2010 USA 50 months 62 61,7
Hudzik et al, 2010 Poland 12 months 13 15 60,5 62,8 275 271
Kreutz et al, 2010 USA NS
Ray et al, 2010 USA At least 12 months 4776 3295 60,4 60,8
Stockl et al, 2010 USA 12 months 573 588 68,9 69,2
Van Boxel etal, 2010 | Netherlands At least 12 months 8296 3356 66,1 68,6
O'Donoghue et al,
2009 NS NS 58 19 64,1 63,1 29 30,6
Rassen et al, 2009 USA 6 months 7523 1208 76,8 776

Table 4B. Baseline characteristics: population
(BMI: body mass index; n: number of patients; NS: not specified; PPI: proton pump inhibitor)




Non PPI PPI Non PPI PPI
Study 'ACE-UARB (n) | ACE-UARB (n) |  Statin(m) | Statin (n)

Gargiulo et al, 2016 1093 671
Hokimoto et al, 2014 100 36 118 47
Shih et al, 2014 15412 15413 7241 7242
Zou et al, 2014 627 2364 1373 5724
Chitose et al, 2012 148 318 317 124
Simon et al, 2011 156 184 220 281
Bhatt et al, 2010 1254 1274
Charlot et al, 2010 9129 3708 16002 5684
Evanchan et al, 2010 2884 960 3322 1060
Gupta et al, 2010 110 39 159 49
Hudzik et al, 2010 15 17 18 16
Van Boxel et al, 2010 7686 3798 10578 4886
O'Donoghue et al,

2009 65 24
Rassen et al, 2009 5807 1686 6275 1639

Table 4C. Baseline characteristics: other medications
(ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; n: number of patients;
PPI: proton pump inhibitor)

Non PPI PPI Non PPI PPI Non PPI PPI

Study Cpci(n) | PCI(M) | M) | M) | Stroke (n) | Stroke (n)
Gargiulo et al, 2016 229 119 321 199
Weisz et al, 2015 2651 1025 1547 618
Hokimoto et al, 2014 35 9 22 5
Shih et al, 2014 15610 15609
Zou et al, 2014 290 1071
Burkard et al, 2012 115 15 24 193
Chitose et al, 2012 100 55 45 29
Yano et al, 2012 1,3 5 0 4
Hsu et al, 2011 54 59 27 33
Simon et al, 2011 93 96 125 141 35 41
Bhatt et al, 2010 1334 1331 566 531 136 151
Hudzik et al, 2010 14 13
Ray et al, 2010 1700 1503
Stockl et al, 2010 827 825 546 554 8 4
Van Boxel et al, 2010 4163 2001 370 203
O'Donoghue et al,
2009 17 11
Rassen et al, 2009 954 223

Table 4D. Baseline characteristics: cardio- and cerebrovascular history
(MI: myocardial infarction; PCI: percutaneous coronary intervention; n: number of patients; PPI: proton pump
inhibitor)



Non PPI PPI Non PPI PPI Non PPI PPI Non PPI PPI
Study Hypertension (n) | Hypertension () | DM (n) | DM () | Dyslipidaemia (n) | Dyslipidaemia (n) | Smoking (n) | Smoking (n)

Ayub et al, 2016 162 294 106 177 131 176

Gargiulo et al, 2016 879 535 305 172 681 397 301 167

Weisz et al, 2015 5039 1790 2080 703 4731 1645 1464 480

Hokimoto et al, 2014 97 36 57 18 85 32 20 9

Shihetal, 2014 43420 43420 27229 27230 38105 38105

Zou et al, 2014 1031 4412 346 1597 913 1597 454 1993

Burkard et al, 2012 450 79 119 32 80 525 206 27

Chitose et al, 2012 349 144 151 64 257 110 113 48

Ng et al, 2012 28 32

Yano et al, 2012 44 44 10 19 40 39 37 40

Hsu et al, 2011 57 56 23 35 5 10

Simon et al, 2011 481 749 314 433 431 614 301 512

Bhatt et al, 2010 1497 1526 593 536 1478 1446 234 265

Evanchan et al, 2010 2835 837 1601 630 2734 850

Gupta et al, 2010 166 55 73 26 146 48 81 18

Hudzik et al, 2010 14 13 6 8 15 13

Stockl et al, 2010 5 10 3 6

O'Donoghue et al,

2009 55 22 18 1 61 25 7 9

Rassen et al, 2009 9577 2894 4619 1389

V.2.3.) Major adverse cardiac event
Twenty-three studies (31, 33-38, 40, 51, 53, 55-63, 65-68) reported the incidence of

Table 4E. Baseline characteristics: cardiovascular risk factors
(DM: diabetes mellitus; n: number of patients; PPI: proton pump inhibitor)

MACE. Our results showed that the risk of MACE is significantly higher in the PPI group
(RR=1.22, 95% CI=1.06-1.39, p=0.004), with considerable heterogeneity across the studies
included (1>=90%, p<0.001). However, separating the data for the RCT studies from that of

the non-RCT studies revealed that a significant association of adverse outcomes (MACE) can

only be seen in non-randomized studies (observational studies: RR=1.26, 95% C1=1.09-1.46,
p=0.002, 1°=93%, p<0.001; RCTs: RR=0.99, 95% CI1=0.76-1.28; 1°=0%, p=0.93), although

the heterogeneity remained considerable in the observational group, which might not be

relevant in the RCT group (Figure 6A). As the result of meta-regression analyses, MACE was
not depending on the length of follow up (SE=0.007, 95% CI=-0.014-0.014, p=0.97), based
on the results of 18 studies (33-38, 40, 55, 58-63, 65-68), and the age of the patients did not
influence the occurrence of the outcome either (SE=0.023, 95% CI=-0.011-0.081, p=0.14),
based on the data found in 19 studies (31, 33-38, 40, 55, 58-63, 65-68).
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PPI Non-PPI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Rand 95% CI IV, Rand 95% CI
1.1.1 Observational studies
Ayub, 2016 46 453 49 287 45% 0.59 [0.41, 0.86] i
Simon, 2011 125 1453 100 900 56% 0.77 [0.60, 0.99] 7|
0'Donoghue, 2009 255 4529 526 9079 6.4% 0.97[0.84,1.12] 2
Ray, 2010 461 7226 580 8995 B.E% 0.99[0.88,1.11] b
Chitose, 2012 7187 16 443 1.8% 1.04[0.43, 2.48] T
Goodman, 2012 398 3255 611 6021 6.6% 1.20[1.07,1.36] ™~
Hokimaoto, 2014 5 50 10 124 1.4% 1.24 [0.45, 3.45] T
Gargiulo, 2016 85 738 113 1232 55% 1.26[0.96, 1.64] [
Zou, 2014 860 6188 155 1465 6.3% 1.31[1.12,1.54] b
Weisz, 2015 238 2162 531 6419 6.4% 1.33[1.15,1.54] pr
Kreutz, 2010 1710 6828 1766 9862 6.9% 1.401[1.32,1.48] *
Rossini, 2011 87 1158 9 170 26% 1.42[0.73,2.77] S
Burkard, 2012 33 109 144 692  5.0% 1.45[1.06, 2.00] [
Gupta, 2010 40 72 92 243 55% 1.47[1.13,1.91] =
Charlot, 2010 1058 6753 1506 17949 6.8% 1.87 [1.73,2.01] i
an Boxel, 2010 754 5734 830 12405 B.7% 1.97 [1.79,2.16] %
Hudzik, 2010 10 18 4 20 1.5% 2.78[1.05,7.32]
Subtotal (95% CI) 46913 76306 86.3% 1.26 [1.09, 1.46] (]
Total events 6172 7042
Heterageneity: Tau?= 0.07; Chi*= 217.71, df= 16 (P < 0.00001); = 93%
Test for averall effect: Z=3.12 (P =0.002)
1.1.2RCTs
Yano, 2012 8 65 11 65  1.9% 0.73[0.31,1.69] 1
Cai, 2010 10 40 [ 20 1.8% 0.83[0.35,1.97] O
Ren, 2011 22 86 22 86  3.5% 1.00[0.60, 1.66] )
Bhatt, 2010 55 1876 54 1885 46% 1.02[0.71,1.48] S B
Ng, 2012 7 183 5 148 1.2% 1.27[0.41,3.92] S DR
Hsu, 2011 4 21 3 21 0.8% 1.33[0.34,5.24] | P
Subtotal (95% CI) 2251 2225 13.7% 0.99 [0.76, 1.28] L 2
Total events 106 10
Heterogeneity: Tau®= 0.00; Chi*=1.07, df=5 (P = 0.96); F= 0%
Test for overall effect: Z=0.09 (P =0.93)
Total (95% CI) 49164 78531 100.0% 1.22[1.06, 1.39] *
Total events 6278 7143
Heterogeneity: Tau?= 0.07; Chi*= 226.59, df= 22 (P =< 0.00001); F= 90% :0 0 051 150 00
Test for overall effect: Z= 2.86 (P = 0.004) ' Fav. Non-PPl Fav. PPl
Test for subagroup differences: Chi*= 2,61, df=1{P=011), F=61.8%

PPI Non-PPI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Rand 95% Cl
1.4.1 Omeprazole
Simon, 2011 43 993 100 900 12.0% 0.39[0.28, 0.55) ol
Ayub, 2016 30 332 43 287 11.0% 0.53([0.35, 0.81] -
Yano, 2012 8 65 11 65  6.5% 0.73[0.31,1.69) T
Ren, 2011 22 86 22 86 10.0% 1.00[0.60, 1.66] -
Bhatt, 2010 55 1876 54 1885 11.7% 1.02[0.71,1.48] T I
Hudzik, 2010 10 18 4 20 55% 2.78[1.05,7.32) T
Subtotal (95% CI) 3370 3243 56.6% 0.80 [0.50, 1.28] <
Total events 168 240
Heterogeneity: Tau®= 0.26; Chi*= 26.29, df=5 (P = 0.0001); F=81%
Testfor overall effect: Z= 0.94 (P = 0.35)
1.4.2 Esomeprazole
Simon, 2011 20 3N 100 900 10.5% 0.58[0.36, 0.92] T
Ayub, 2016 6 40 49 287  7.0% 0.88(0.40,1.92)
Ng, 2012 7 183 5 148  45% 1.27[0.41,3.92) — =
Hsu, 2011 4 2 3021 34% 1.33(0.34,5.24) =
Subtotal (95% CI) 535 1356  25.5% 0.73[0.51, 1.05] &
Total events 37 157
Heterageneity: Tau®= 0.00; Chi*= 2.86, df=3 (P = 0.41); F=0%
Testfor overall effect: Z=1.72 (P = 0.09)
1.4.3 Pantoprazole
Ayub, 2016 10 81 49 287  B5% 0.72[0.38,1.36) o
Simon, 2011 12 99 100 900 9.3% 1.09[0.62,1.91] o R
Subtotal (95% CI) 180 1187  17.9% 0.91[0.60, 1.39] <5
Total events 22 149
Heterageneity: Tau®= 0.00; Chi*=0.91, df=1 (P = 0.34); F= 0%
Testfor overall effect: Z= 0.44 (P = 0.66)
Total (95% CI) 4085 5786 100.0% 0.81[0.61, 1.08] ®
Total events 227 546
Heterogeneity: Tau?= 0.15; Chi*= 31.59, df= 11 (P = 0.0009); F= 65% 'vD ] 051 150 100‘

Test for overall effect: Z=1.42 (P=015)

B Testfor subgroup differences: Chi*= 0.63, df=2 (P=0.73), F= 0%

Fav. Non-PPI Fav. PPl

case of taking specific proton pump inhibitors (B).
(CI: confidence interval; PPI: proton pump inhibitor; RCT: randomized controlled trials)

Figure 6. Forrest plots representing the estimated risk of overall major adverse cardiac events (A) and in
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In case of patients on omeprazole among the 6 publications included (33, 36, 56, 58,
62, 67), there was no significant difference between the clopidogrel plus PPI and clopidogrel
alone groups (RR=0.80, 95% CI=0.50-1.28, p=0.35), but since there was evidence of
considerable heterogeneity (1°=81%, p<0.001), the random effect model was used for
comparison (Figure 6B). In the case of esomeprazole (4 publications (55, 58, 61, 67)), results
showed no significant difference in the occurrence of MACE between the groups (RR=0.73,
95% C1=0.51-1.05, p=0.09) (Figure 6B). The heterogeneity might not be important (1>=0%,
p=0.41); the fixed effects model was used for comparison. In the pantoprazole group, we only
found two eligible publications (58, 67) for MACE, and there was no difference between the
two groups (RR=0.91, 95% CI1=0.60-1.39, p=0.66) (Figure 6B). The heterogeneity might not
be important (17=0%, p=0.34); the fixed effects model was used in analyzing of this specific
PPI.

Six studies reported adjusted HRs for overall MACE outcome (37-38, 60, 65-66, 68).
The results showed that the risk of MACE was significantly higher in the clopidogrel plus PPI
group (HR=1.25, 95% CI=1.03-1.51, p=0.02). We have found considerable heterogeneity
across the included studies (1=88%, p<0.001); the random effects model was used. In the
case of specific PPIs, four studies (31, 34, 37, 53) presented data on adjusted HRs for
omeprazole, esomeprazole and pantoprazole. The results showed that there is no difference
between the clopidogrel alone and clopidogrel plus PPl groups in case of esomeprazole
(HR=1.17, 95% CI1=0.90-1.53, p=0.25), omeprazole (HR=1.12, 95% CI=0.86-1.45, p=0.41),
and pantoprazole (HR=1.25, 95% CI=0.99-1.57, p=0.06). In the specified PPI groups, we also
found considerable heterogeneity (esomeprazole: 84%, p<0.001; omeprazole: 82%, p=0.001;
pantoprazole: 85%, p<0.001), the random effects model was used for the analysis.

V.2.4.) Cardiovascular death

Data on CV death was reported in ten studies (32-33, 35, 40, 58-60, 63, 65-66, 68),
including 53,905 patients; only one study’s data was evaluated as RCT (33). There was no
significant effect of concomitant clopidogrel and PPI treatment on CV death (RR=1.21, 95%
C1=0.97-1.50, p=0.09). The result from the statistical analysis may represent substantial
heterogeneity across the studies (1°=67%, p=0.001). The length of follow up and the age of
the patients did not affect the risk for CV death based on results of the included ten studies
(follow up: SE=0.009, 95% CI=-0.016-0.021, p=0.81; age: SE=0.022; 95% CI=-0.009-0.079,
p=0.12). Unfortunately, the low amount of data prevented us from evaluating the risk of CV

death in specific PPIs (Figure 7).
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Figure 7. Forrest plot representing the estimated risk of cardiovascular death.
(CI: confidence interval; PPI: proton pump inhibitor; RCT: randomized controlled trials)

Two studies contained eligible data for adjusted analyses on CV death (60, 68), and
according to their results, there was no significant effect of concomitant clopidogrel and PPI
treatment on CV death (HR=1.16, 95% CI1=0.72-1.87, p=0.53). The heterogeneity may
represent substantial heterogeneity (70%, p=0.07); therefore, the random effects model was
used.

V.2.5.) Myocardial infarction

Fourteen of the twenty-seven studies contained eligible data on MI, with data for
82,330 patients for evaluation (32-33, 36, 38, 40, 52, 54, 58-60, 64-66, 68); one study’s data
was evaluated as RCT (33). The risk of MI was significantly higher in the PPl group
(RR=1.43, 95% CI=1.24-1.66, p<0.001). The results from the statistical analysis may
represent substantial heterogeneity across the studies (1=66%, p<0.001) (Figure 8A).
Similarly to MACE and CV death, MI was not depending on the length of follow up or on the
patients’ age based on the included fourteen studies (follow up: SE=0.005, 95% CI=-0.005—
0.013, p=0.41; age: SE=0.013, 95% CI=-0.045-0.007, p=0.15). We only found two eligible
articles (Bhatt 2010, Hudzik 2010) for MI in the case of omeprazole, where there was no
difference in risk between the observed groups (RR=1.98, 95% CI=0.31-12.76, p=0.47).
There may be substantial heterogeneity across the studies (1°=69%, p=0.07); the random
effects model was used (Figure 8B).

Data on adjusted HRs was reported in six studies in case of Ml (38, 54, 60, 64-65, 68),
and the risk for M1 was significantly higher in the PPI plus clopidgorel group (HR=1.46, 95%
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CI=1.08-1.96, p=0.01). The heterogeneity may represent moderate heterogeneity (60%,
p=0.03), the random effects model was used.
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Figure 8. Forrest plots representing the estimated risk of overall myocardial infarction (A) and in case
of applying omeprazole as proton pump inhibitor (B).
(CI: confidence interval; PPI: proton pump inhibitor; RCT: randomized controlled trials.)

V.2.6.) Risk of bias within studies

Risk of bias was assessed in seventeen non-RCT studies (32, 34-38, 52-54, 57-59, 63-
67), four post-hoc analyses of RCTs (31, 40, 60, 68), and in six RCTs (33, 51, 55-56, 61-62).
The risk of bias within the twenty-seven studies included in this meta-analysis is summarized

in Figures 9-10.
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Figure 10. Quality assessment of randomized controlled trials.
(Green: low risk of bias; yellow: uncertain risk of bias; red: high risk of bias; BMI: body mass index)

V.2.7.) Publication bias
Funnel plots were constructed for each outcome and showed symmetry on visual
inspection, suggesting that publication bias was not large and was unlikely to alter

conclusions (Figure 11A-C).
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Figure 11. Funnel plots for studies in major adverse cardiac event (A), in cardiovascular death (B)
and in myocardial infarction (C) groups.
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VI. DISCUSSION

V1.1.) Effects of acid suppressing drugs in acute pancreatitis therapy

The ASDs are widely used in the clinical practice, not solely for the diseases of the
gastrointestinal tract, but in other conditions, such as cardiovascular diseases. Especially PPIs
are among the most frequently prescribed drugs with increasing use every year. Even though
there are well established indications for a wide array of diseases when and how to conduct
treatment with ASDs, several studies were published regarding their overprescription, and
difficulties to discontinue their application. Data from the cohort analysis supports the
worldwide overuse of ASDs, specifically in patients with AP. The number of patients on ASD
treatment has increased by 3.7-fold during hospitalization with almost all of the patients
receiving some kind of ASD, and more than 50% remained on an ASD after discharge, a
more than 2-fold increase relative to the number at admission. These numbers are in
accordance with literature data whereas patients after receiving ASDs during hospitalization
get usually discharged with them (69). Moreover, ASD treatment in AP was associated with
more severe pancreatitis and higher mortality rate in the cohort.

There are contradictory results in the literature about the safety of ASD use in AP. In a
Korean RCT, the investigators separated AP patients into two groups, one receiving
pantoprazole intravenously during fasting and later orally, and another without PPI treatment.
In this study, treatment with pantoprazole did not influence the clinical course of AP (14). In
another RCT from China, severe AP patients receiving conventional therapy were compared
to patients on conventional therapy with esomeprazole treatment, and PPI therapy did not
show benefit on alleviating systemic inflammatory response and improving clinical scores in
severe AP patients, and did not prevent the development of peptic ulcer and GI hemorrhage
(15). Data from 10,400 severe AP patients were analyzed in a Japanese retrospective study,
and even though the rates of upper Gl bleeding and organ failure were significantly higher in
patients with PPI therapy, after propensity analysis, data showed that PPIs did not have an
effect on mortality (16). On the contrary, in a Swedish population-based case-control study,
they observed association between current use of H2-RAs or PPIs and increased risk of AP,
besides previous literature data where they reported ASDs to cause AP (17).

Systemic inflammatory response syndrome is often a complication of severe AP,
which leads to high level of inflammatory markers (70) and organ dysfunctions. Patients with
severe AP, especially those who require intensive care treatment or mechanical ventilation are

prone to develop stress-related acute gastric mucosal lesions (13). Acute GI mucosal lesions
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can range from simple gastritis and erosions to ulceration and bleeding (71), more than half of
patients with AP may develop upper Gl ulcers, and the occurrence shows positive correlation
with the severity of pancreatitis (11, 72). Hypersecretion of gastric acid seems to play a major
role at the pathogenesis of stress-related acute gastric mucosal lesions. Therefore, in these
cases it can be indicated to use prophylaxis for peptic ulcer disease (11, 73). Based on our
results, not only in case of severe, but also in moderate pancreatitis cases there were
significantly more patients receiving ASD treatment which supports our previous data about
their frequent usage.

Protection of upper GI mucosa could be a possible indication for ASD administration
in AP patients, which could decrease the rate of Gl bleeding. Since ERCP- and surgery-
related vascular complications cannot be prevented with ASD treatment, these types of Gl
bleedings were not included in the analyses. In the studied population, 4.7% of patients
suffered from GI bleeding. The occurrence of Gl bleeding was associated with higher
morbidity and mortality, which increases the length and cost of hospitalization. Investigating
its association between ASD treatment, we found that bleeding occurred more frequently in
patients on ASD therapy which correlates with literature data (15-16). Based on the study of
Chen et al. (11) in which all the included patients received PPIls when a Gl lesion was
detected with endoscopy, 22% of severe pancreatitis patients had Gl bleeding (11). Data on
the time of bleeding and the start of ASD therapy was not collected. A possible explanation
could be that when Gl bleeding was recognized then ASD therapy was started, although, that
still does not give an explanation why more than 80% of patients had to receive ASDs.
Especially that more than 60% of patients had mild AP, and in that group only 2.1% of
patients were suffering from Gl bleeding. Therefore, these results suggest Gl bleeding
recognition is not the indication of starting ASD treatment in AP patients, and it also does not
explain why more than 50% of patients had to receive ASDs upon discharge from the
hospital.

ASDs are considered well tolerated and effective, and only rare and mild side effects
have been reported in short-term use. However, nonessential long-term ASD treatment can
lead to various side effects in spite of their reported good safety profile (2). Such as elevated
prevalence of small intestinal bacterial overgrowth which results in malabsorption (74),
increased risk for respiratory infections (75-76) and several Gl cancers (gastric, colorectal,
liver or pancreatic cancers) (3, 77-81). Other long-term side effects can be micronutrient
deficiencies, kidney disease, osteoporosis and dementia. Long-term administration without

proper re-evaluation and guidelines will lead to polypharmacy and potential drug-drug
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interactions (77). Although several studies have shown association between adverse events
and complications of long-term ASD use, they have led to contradictory results (1). Side
effects are also including elevated risk for Gl infections by repressing the gastric acid barrier
and altering the microbiome. Notably, Clostridium difficile infection has shown strong
association with ASD therapy (2, 75-77, 82-83). From the wide array of possible long-term
complications, the relationship between acid suppressing therapy and occurrence of Gl
infections in AP patients was investigated. According to our results, ASD administration did
not elevate the risk for Gl infections. However, ordering of SCTs has been associated with
more severe AP and higher mortality rate. Even though, there was relatively low number of
testing among the included patients, almost 30% of them had GI infections. The most
common pathogen was Clostridium difficile (60%) in accordance with literature data in other
diseases. An important factor that has to be taken into consideration is the frequent usage of
unnecessary antibiotic drugs in AP patients. and that the most frequently used antibiotics can
be effective for the most common Gl infections (84). In the studied patient population, Gl
infections have been associated with more severe AP, higher rate of Gl bleeding and worse
mortality. Therefore, length of hospitalization and the cost of treatment could be worse in
patients with Gl infections.

Based on the epidemiologic characteristics of our cohort and the numerous
international centers who contributed data, our patient population substantiates a general
representation of patients with AP (85-86). The cohort analysis has its limitations, since it is a
retrospective data analysis; we cannot draw causative conclusions from the findings above,

only associations can be determined between the investigated parameters.

V1.2.) Cardiovascular effects of PPI therapy in patients with clopidogrel

A possible interaction between clopidogrel and PPIs came to the fore after an
observational study had been performed in 2006, which found clopidogrel activity on platelets
was diminished in patients receiving PPI treatment (87). Later, this potential interaction was
tested in the randomized controlled OCLA (Omeprazole CLopidogrel Aspirin) study, where
omeprazole significantly decreased the effect of clopidogrel on in vitro platelet activation
(26).

Clopidogrel, a thienopyridine derivative, inhibits platelet aggregation through
irreversible inhibition of the ADP/P2Y12 receptor on the surface of platelets, and, being a
prodrug, it requires a two-step oxidative biotransformation intrahepatically, mediated mainly
by cytochrome P450 isoenzymes. First, the cytochrome P450 isoenzymes CYP1A2, CYP2B6
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and CYP2C19 form 2-oxo-clopidogrel, which is then oxidized by CYP2B6, CYP2C19,
CYP2C9 and CYP3A4 to the active metabolite of clopidogrel, with CYP2C19 being the most
important isoenzyme. The active metabolite then binds irreversibly to platelet adenosine
diphosphate receptor P2Y12 (23, 88-89), therefore preventing platelet aggregation. This is
associated with the dephosphorylation of the intraplatelet vasodilator-stimulated
phosphoprotein. Vasodilator-stimulated phosphoprotein phosphorylation provides an index to
evaluate platelet reactivity to clopidogrel (90). The findings on mechanisms underlying
clopidogrel resistance are contradictory; these mechanisms may relate to heterogeneity in
clopidogrel metabolism. CYP2C19 activity can have a profound effect on the conversion of
clopidogrel to its active metabolite (88).

All PPIs are extensively metabolized to inactive metabolites mainly via CYP2C19 and
CYP3A4 in the liver. Rabeprazole uses these enzymes the least being mostly converted to its
thioether analogue non-enzymatically. The potency and specificity of five individual PPIs
(omeprazole, esomeprazole, pantoprazole, lansoprazole, rabeprazole) with regard to their
inhibitory effects on the activities of four major human CYP enzymes (CYP2C9, CYP2C19,
CYP2D6 and CYP3A4) have been studied by Li et al (91). Lansoprazole was the most potent
inhibitor of CYP2C19 enzyme in vitro, followed by omeprazole and esomeprazole.
Pantoprazole showed the lowest potential to CYP2C19, however it was at least twice as
potent an inhibitor as other PPIs towards CYP2C9 and CYP3A4. As the metabolite of
rabeprazole, rabeprazole thioether was a strong and competitive inhibitor of CYP2C9,
CYP2C19 and CYP2D6. It has been suggested that rabeprazole has significantly less drug-
drug interactions than other PPIs, and the main reason is claimed to be its non-enzyme
catalyzed degradation, but the results of Li et al suggest that omeprazole and rabeprazole have
similar affinity to CYP3A4 (91-92). The potential interaction mechanism lies in the fact that
both clopidogrel and PPIs, in varying degrees, are metabolized by the same cytochrome P450
enzyme (CYP2C19). PPIs have the potential to competitively inhibit the metabolism of
clopidogrel to its active metabolite, which leads to reduced circulating concentrations of the
active compound (23).

The data on the interactions between clopidogrel and PPIs remain unclear despite the
numerous in vitro and in vivo studies on the subject. The in vitro studies have shown that the
effectiveness of clopidogrel decreases with simultaneous use of clopidogrel and PPIs (26),
and therefore, the risk for CV events will be elevated. Several possible causative factors may
lie behind this phenomenon. One of them is the connected bio-transformational route of
clopidogrel and PPIs, or the possible differences in genetic polymorphism of these enzymes
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(88). There are several studies, mostly observational ones, whose findings are consistent with
these in vitro results, showing an elevated risk for CV side-effects in patients on combined
clopidogrel and PPI treatment (27-30). However, it should be noted that prophylactic PPIs are
more likely prescribed to patients with a higher risk for CV events (23).

There is considerable disagreement between the various clinical studies that show no
increased risk of CV outcomes (31-33, 37, 39). Furthermore, a few studies found no
difference in the possible disadvantageous effect of PPI drugs causing extended inhibition of
CYP2C19 (31, 39). In several cases, the authors used multivariable adjustments for covariates
to standardize because the effect of possible factors (such as age, co-morbidities and co-
medication) could modify the outcomes (32, 44). In a well-designed case-control study, a
current PPI plus clopidogrel group result was compared to the results for patients on current
clopidogrel plus past PPI therapy. The association between PPI therapy and the recurrence of
MI has disappeared suggesting that the appearance of recurrent Ml is a result of a residual
confounding (44).

Based on the ACCF/ACG/AHA 2010 Expert Consensus Document (25) to reduce the
risk of Gl bleeding, PPIs are recommended among patients with history of upper Gl bleeding
or with multiple risk factors (e.g. advanced age, concomitant use of warfarin, steroid or
NSAIDs, or H. pylori infection) for Gl bleeding who require antiplatelet therapy. Patients
with acute coronary syndrome and prior upper Gl bleeding are at substantial CV risk, so dual
antiplatelet therapy with concomitant use of a PPl may provide the optimal balance of risk
and benefit. The risk reduction achieved by concomitant PPIs might outweigh any potential
reduction in the CV efficacy of antiplatelet treatment because of a drug—drug interaction.
Routine use of ASDs is not recommended for patients at lower risk of upper Gl bleeding, who
have much less potential to benefit from prophylactic therapy. Clinical decisions regarding
concomitant use of PPIs and thienopyridines must be based on whether the potential for
benefit outweighs the potential for harm, considering both CV and GI complications.
Furthermore, according to the European Cardiology Society’s 2017 guideline (93) for the
management of acute MI in patients presenting with ST-segment elevation a PPl in
combination with dual antiplatelet therapy is recommended (I/B recommendation) in patients
at high risk of GI bleeding. Based on the recent European Cardiology Society/European
Association for Cardio-Thoracic Surgery guidelines (94) on myocardial revascularization
every effort should be undertaken such as routine use of PPIs to avoid bleeding in patients
after percutaneous coronary intervention requiring oral anticoagulation and dual antiplatelet

therapy. These statements have been supported by several studies which showed that the risk
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of upper GI bleeding can be reduced in patients with clopigodrel by concomitant PPI
treatment. The occurrence of Gl bleeding were 0.2%-1.2% (33), 0-2% (59), 0.4-1.8% (41) in
the PPI versus non-PPI1 groups respectively.

In the meta-analysis, our aim was to focus on this discrepancy and to find a possible
resolution. Our combined data from all of the studies involved showed that the presence of
MACE and Ml is significantly higher in the PPI plus clopidogrel patient population, a finding
which is consistent with results from previous observational studies (29-30, 34-36, 38).
However, in reducing the degree of heterogeneity by creating subgroups based on study
design, we also found that this previously experienced risk elevation and heterogeneity will
disappear as in other studies (43). This result is similar to those of previous meta-analyses,
where a higher CV risk was found among observational studies without any difference
between the clopidogrel plus PPI group and the no PPI group in RCTs (45). In previous meta-
analyses by Mo et al. (41) and Chen et al. (95), data only collected from RCTs showed no
correlation between simultaneous clopidogrel and PPI therapy and elevated CV risk. An
examination of the results, heterogeneity and risk of bias of the studies involved in our meta-
analysis points to the low quality of observational studies, whose results are opposite to those
of RCT studies, all proving an acceptance of results from RCT studies showing no
enhancement of CV risks due to PPIs.

Although the meta-analysis has shown that there is no association between CV risk
elevation and PPI usage, the analysis might have limitations. One is that in twenty-two of the
included studies, the population had previously had CV diseases, had already undergone
percutaneous coronary intervention, or had received dual antiplatelet therapy, meaning that
the population under examination may have had severe conditions. In the meta-analysis, we
did not analyze the effect of these or other co-morbidities nor evaluate their conditions, but it
is possible that the harmful effect of PPIs may be different in patients who need primary or
secondary CV prevention. Although we performed secondary analyses on adjusted events, the
conclusions drawn from these analyses are limited, because of the insufficient availability of
these values across all studies, which were all observational ones, and the applied covariates
were different among them. The studies published and available in the databases provided
poor descriptions of other risk factors (such as co-morbidities, co-medications, smoking,
obesity etc.), preventing us from providing a summary or conclusion in that regard. The other
limitation of our study is the substantial heterogeneity among the studies, which may stem
from several factors, such as differences in study design. In observational studies or in post-

analyses of RCTs, the groups were not allocated randomly. It was usually the physicians’
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decision, so this most likely led to a distortion of the results. Therefore, risk of bias within
studies should be highlighted, as well. Though the open-label design might have a less
prominent effect on hard CV outcomes, lack of blinding should be mentioned, even in RCTSs.
In addition, incomplete follow-up and not carefully applied objective evaluation of
ascertainment of drug exposures may impose additional risk of bias. Bias is inherent in
observational studies, the subgroup analysis of RCTs and observational studies yielding
discrepant results support this statement. And there is a problem with the definition of MACE,
which is not standard in the literature, although it is most often used to express the CV risk of

PPlIs plus clopidogrel.
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VIl. CONCLUSIONS

Hereby, | represented two studies on the safety and efficiency of ASDs in two
different disease entities; both works have studied ASDs as a primary or secondary prevention
in the therapy of patients with AP and CV diseases.

One of my aims was to investigate the current place of ASDs in patients with AP and
evaluate their safety and efficiency that we could present in a large AP population first in the
literature. Data shows a worldwide unnecessary ASD use in AP patients, even though there is
no substantial evidence that ASD treatment is beneficial for the therapy of AP. Thus, we
presented their association with higher morbidity and mortality. The cohort analysis is among
the firsts to report data on the rate of Gl bleeding not related to surgery or ERCP in patients
with AP. Based on our data, ASD administration during AP did not increase the risk for Gl
infections. Taking into consideration the advice from the American Gastroenterological
Association, the benefits of ASDs outweigh their risks if appropriately prescribed, but when
there is no indication, modest risks become important because there is no potential benefit
(15). Therefore, the routine administration of ASDs is not recommended in patients with AP
if there is no other indication for their administration. Long-term complications could be
avoided by re-evaluating the current clinical practices, incorporate recommendations to
current guidelines, and by giving detailed plans for patients and their general practitioners
how to gradually reduce or leave the ASDs, and when to follow up on them.

My second aim was to investigate the potential risks of co-administration of
clopidogrel and PPIs with a systematic review of the current literature and a meta-analysis.
Our results have shown that there is no definitive evidence for any significant association
between CV risk elevation and PPI in patients on clopidogrel treatment, based on RCTSs.
Thus, no definitive evidence exists for an effect on mortality. From this point of view, the
previous FDA guidance to use favorable or non-favorable drug combinations does not seem to
be relevant by now based on both previous trials and our own analyses. However, taking into
account the bias, the meta-analysis should be interpreted with caution, and conducting further
RCTs would be beneficial. Because PPI induced risk reduction clearly outweighs the possible
adverse CV risk in patients with a high risk of Gl bleeding, a combination of clopidogrel with

PPI should be recommended.
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NEW FINDINGS

VI11.1.) Effects of acid suppressing drugs in acute pancreatitis therapy

1.

We could show the extensive administration of ASD therapy during the course of AP
with the majority of patients receiving acid suppressing treatment during
hospitalization.

ASD administration was associated with more severe AP and higher mortality. Older
age and worse than mild pancreatitis increased the chance of starting ASD treatment.
Our analysis has shown that low number of patients suffered from GI bleeding while
having AP. Gl bleeding was associated with more severe AP and higher mortality, and
ASD therapy was associated with higher risk for Gl bleeding. AP severity carried a 3
times higher probability, and Gl infection carried a 2.8 times higher chance for Gl
bleeding.

ASDs during AP did not elevate the risk for Gl infection, which was associated with
more severe AP and higher mortality. The most common pathogen associated with
ASD therapy was Clostridium difficile.

According to our data, the routine administration of ASDs is not recommended in

patients with AP if there is no other indication for their administration.

VI11.2.) Cardiovascular effects of PPI therapy in patients with clopidogrel

1.

Based on the results of the meta-analysis, there is no definitive evidence for any
significant association between CV risk elevation and PPI in patients on clopidogrel
treatment.

No definitive evidence exists for an effect on mortality.

Heterogeneity and risk of bias of the involved studies points to the low quality of
observational studies, whose results are opposite to those of RCT studies. All proving
an acceptance of results from RCT studies showing no enhancement of CV risks due
to PPIs.

Because PPI induced risk reduction clearly outweighs the possible adverse CV risk in
patients with a high risk of Gl bleeding, a combination of clopidogrel with PPI should

be recommended for patients at risk.



=40 -

VIIl. ABBREVIATIONS

AP, acute pancreatitis

ASD, acid suppressing drug

Cl, confidence interval

CV, cardiovascular

ERCP, endoscopic retrograde cholangio-pancreatography
Gl, gastrointestinal

H2-RA, histamine-2-receptor antagonist
MACE, major adverse cardiac event
MI, myocardial infarction

OR, odds ratio

PPI, proton pump inhibitor

RCT, randomized controlled trial

RR, risk ratio/relative risk

SCT, stool culture test

SE, standard error
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ABSTRACT

Background: Acid suppressing drugs (ASD) are generally used in acute pancreatitis (AP); however, large
cohorts are not available to understand their efficiency and safety. Therefore, our aims were to evaluate
the association between the administration of ASDs, the outcome of AP, the frequency of gastrointestinal
(GI) bleeding and GI infection in patients with AP.

Methods: We initiated an international survey and performed retrospective data analysis on AP patients
hospitalized between January 2013 and December 2018.

Results: Data of 17,422 adult patients with AP were collected from 59 centers of 23 countries. We found
that 23.3% of patients received ASDs before and 86.6% during the course of AP. ASDs were prescribed to
57.6% of patients at discharge. ASD administration was associated with more severe AP and higher
mortality. GI bleeding was reported in 4.7% of patients, and it was associated with pancreatitis severity,
mortality and ASD therapy. Stool culture test was performed in 6.3% of the patients with 28.4% positive
results. Clostridium difficile was the cause of GI infection in 60.5% of cases. Among the patients with GI
infections, 28.9% received ASDs, whereas 24.1% were without any acid suppression treatment. Gl infec-
tion was associated with more severe pancreatitis and higher mortality.

Conclusions: Although ASD therapy is widely used, it is unlikely to have beneficial effects either on the
outcome of AP or on the prevention of GI bleeding during AP. Therefore, ASD therapy should be sub-
stantially decreased in the therapeutic management of AP.

© 2020 IAP and EPC. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Acute pancreatitis (AP) is an acute inflammatory condition of
the pancreas that can involve peripancreatic tissue or remote organ
systems. The global incidence of AP is 30—100 cases per 100,000
general population per year, and it is one of the most frequent
gastrointestinal (GI) causes of hospital admission [1]. Unfortu-
nately, research activity in the field is more underrepresented than
it should be [2]. Not surprisingly, there is no specific therapy
available for AP, symptomatic and curative treatments are based on
guidelines and the prior experience of the medical staff. Strikingly,
current AP guidelines do not include any information regarding the
administration of acid suppressing drugs (ASDs) such as proton
pump inhibitors (PPIs) and histamine-2-receptor antagonists (H2-
RAs) in AP [3—6], despite the fact that ASDs are routinely admin-
istered in clinical practice in the majority of AP cases.

Conventionally, the management of AP patients included
nothing by mouth from the time of hospital admission. It was
believed that by doing so the inflamed pancreas can rest, because
fluid intake or solid nutrients would stimulate exocrine pancreatic
functions and promote the release of proteolytic enzymes. How-
ever, prior studies failed to support this idea and showed no benefit
from fasting or nasogastric suction [7,8]. In experimentally induced
pancreatitis, results showed that pantoprazole treatment reduced
tissue infiltration of inflammatory cells and acinar cell necrosis in
severe AP. They concluded that pantoprazole possesses anti-
inflammatory in vivo properties and attenuates the course of AP
[9]. During fasting for the protection of the upper GI mucosa and to
rest the inflamed pancreas, ASD administration could be a poten-
tially good therapeutic option. Patients with severe AP, especially
those who require intensive care treatment or mechanical venti-
lation are carrying a higher risk for stress-related acute gastric
mucosal lesions [10], which can lead to ulceration and GI hemor-
rhage. Protection of the gastric mucosa is a critical therapeutic goal
in a wide spectrum of gastric-acid-related diseases. H2-RAs and
PPIs are the cornerstones in the therapy of diseases in which gastric
acid has a causative primary or contributory role to prevent the
damage or propagate the healing of gastric mucosa. Nowadays, PPIs
are among the most commonly prescribed drugs with constantly
increasing usage, while several studies raising concerns regarding
their overprescription. Possible reasons for the continuous increase
in ASD use can be the empirical treatment of various GI symptoms
and prescriptions for inappropriate conditions [11—13].

There are contradictory results in the literature on the beneficial
and harmful effects of ASD administration in patients with AP
[14—17]. Such therapy might be beneficial if it decreases severity or
mortality; however, acid suppression can be harmful as it might
increase the risk for GI infections. Although many international
cohort studies were published in AP [18—20], few data are available
on the use of ASDs, GI bleeding, and infection. Therefore, our aims
were to understand the current global practice of ASD adminis-
tration in AP patients and to investigate the safety and efficacy of
these drugs in this patient population.

Materials and methods
Patients and data collection

To assess the worldwide trend of ASD administration in AP
patients, an invitation letter was sent out to the members of the
International Association of Pancreatology in January 2019 to
participate in the present study. The time period of data collection
was from January 2013 to December 2018. The study was approved
by the Scientific and Research Ethics Committee of the Medical

Research Council in Hungary (TUKEB-22254-1/2012/EKU).

Centers had to provide data on the gender and age of the pa-
tient, severity of pancreatitis and mortality. In addition to the
general demographic data, they had to indicate whether the pa-
tients received ASDs (PPI or H2-RA) upon admission, during hos-
pitalization and at discharge irrespectively to its indication, timing,
dosing and form of administration. Centers had to include data on
the signs and cause of GI bleeding. It had to be recorded if a stool
culture test (SCT) was performed along with its result. In the case of
positive testing, the name of the pathogen had to be included.

Based on the data above, patients were assigned to two groups
depending on their ASD administration status during hospitaliza-
tion, one which received ASD treatment (group ‘ASD’) and the other
which did not (group ‘NoASD’). In the case of GI bleeding and GI
infection, the ASD treatment in the hospital was the indicator to
assign a patient to ‘ASD’ or ‘NoASD’ groups.

Data quality

Data were complete on age, gender, severity of AP and mortality,
in hospital ASD administration, registering the signs of GI bleeding,
and whether SCT was performed or not and its result. ASD
administration was unknown on admission in 1046 of the cases,
and in 10 patients at discharge. The cause of GI bleeding was un-
known in 5 patients.

Diagnostic criteria

The diagnosis of AP was based on the IAP/APA evidence-based
guidelines for the management of AP A1 recommendation [3]. At
least two from the following three criteria should be confirmed in
patients: clinical (upper abdominal pain), laboratory (serum
amylase or lipase >3x upper limit of normal) and/or imaging (CT,
MRI, ultrasonography). Severity of pancreatitis was determined
based on the revised Atlanta classification [21]. This classification
defines three degrees of severity: mild, moderately severe (mod-
erate) and severe AP.

Signs of GI bleeding were provided by each center. These
included positive rectal digital examination, macroscopically
observed bleeding in the stool, vomit or gastric juice, positive stool
blood test, and bleeding verified by an imaging technique. We
excluded the bleeding cases that occurred in association with
endoscopic retrograde cholangio-pancreatography (ERCP) since
administration of ASDs does not have an effect on this type of
bleeding. If the cause of the GI bleeding could not be determined,
patients were not included in the analyses regarding GI bleeding.

The presence of pathogens in the stool verified by laboratory
testing was considered GI infections. Non-specific signs such as
fever, diarrhea and vomiting without testing were not accepted.
The pathogens were identified for each patient.

Statistical analysis

To identify differences between categorical variables the Chi-
square with Fisher’s exact test was used. The significance level
was set at 0.05. Binary logistic regression with stepwise forward
elimination was used to observe independent prognostic factors
(age, gender, severity, ASD treatment, GI bleeding and infection) for
the main outcomes (ASD administration, GI bleeding and
infection).
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Results
Characteristics of the cohort

Data of 17,422 adult patients with AP were collected retro-
spectively from 59 centers (Fig. 1, Supplementary Table 1). 9803 of
patients were male (56.3%) and 7619 were female (43.7%)
(Supplementary Figure A), the average age was 56.4 years
(Supplementary Figure B) in the cohort. In the studied population
10,490 (60.2%) of patients had mild, 4508 (25.9%) had moderate and
2424 (13.9%) had severe AP (Supplementary Figure C). In total 4.6%
(800 patients) of patients died; the mortality rate was 0.4% (n = 44/
10,490) in mild, 1.5% (n = 68/4508) in moderate and 28.4% (n = 688/
2424) in severe AP (Supplementary Figure D). Upon admission,
23.3% of patients (n = 3817/16,376) took some kind of ASD
(Supplementary Figure E). From these patients, 88.3% (n = 3369/
3817) was admitted with a PPI, 11.3% (n = 432/3817) with a H2-RA,
and 0.4% (n = 16/3817) received both kind of ASD. During hospi-
talization, 86.6% of patients (n = 15,096/17,422) received ASD
treatment (Supplementary Figure E), 81.8% (n = 12,354/15,096) of
these patients had only PPIs, 15.4% (n = 2331/15,096) had solely
H2-RAs and 2.7% (n = 411/15,096) had both PPIs and H2-RAs. At the
time of discharge from the hospital, 57.6% of patients (n = 10,034/
17,412) were prescribed an ASD (Supplementary Figure E), 92.6%
(n =9293/10,034) of them received prescription for PPIs, 7.3% (n =
734/10,034) for H2-RAs and 0.1% (n = 7/10,034) for both ASDs. For
the following parameters in the result section, only data during
hospitalization were analyzed.

Acid suppression therapy is associated with more severe AP and
higher mortality

Patients were assigned to ‘ASD’ or ‘NoASD’ groups based on their
ASD administration status in the hospital. Among ‘ASD’ patients
mild AP (n = 8649/15,096, 57.3%) was significantly less frequent
compared to those in the ‘NoASD’ group (n = 1841/2326, 79.1%, p <
0.001). However, in case of moderate and severe pancreatitis, there
were significantly more patients in the ‘ASD’ group (moderate: n =
4139/15,096, 27.4%; severe: n = 2308/15,096, 15.3%) than in the
‘NoASD’ group (moderate: n = 369/2326, 15.9%, p < 0.001; severe:

I o1-100%
B s1-90%
I 71-80%
[ s1-70%
[ 51-60%
[ 41-50%
[ ] 31-40%
|:| No data

n = 116/2326, 5.0%, p < 0.001) (Fig. 2A). Mortality was significantly
higher in patients with acid suppressing therapy (n = 744/15,096,
4.9%) compared to those without acid suppression (n = 56/2326,
2.4%, p < 0.001) (Fig. 2B). Based on the results of logistic regression,
the patient’s gender did not influence the administration of ASD
treatment (OR = 1.015, 95% CI = 0.927—-1.110, p = 0.748); however,
older age (OR = 1.006, 95% CI = 1.003—1.008, p < 0.001) and worse
than mild AP severity (OR = 2.202, 95% Cl = 2.031-2.387, p < 0.001)
increased the patients’ chance for receiving ASDs during
hospitalization.

Acid suppressing drug therapy is associated with higher risk for GI
bleeding in AP

Data for 17,282 patients were evaluated after excluding ERCP-
associated bleedings and bleedings of unknown origin. From
these patients, 817 (4.7%) had GI bleeding (Fig. 3A). The number of
patients having mild pancreatitis without GI bleeding was signifi-
cantly higher compared to those with GI bleeding (n = 10,193/
16,465, 61.9% vs. n = 221/817, 271%, p < 0.001, respectively).
However, among patients with GI bleeding there were significantly
more moderate (No bleeding: 4181/16,465, 25.4% vs. Bleeding: n =
283/817, 34.6%, p < 0.001) and severe AP (No bleeding: 2091/
16,465, 12.7% vs. Bleeding: n = 313/817, 38.3%, p < 0.001) cases
(Fig. 3B). In case of GI bleeding, the rate of mortality was signifi-
cantly higher compared to patients without bleeding (No bleeding:
n = 650/16,465, 3.9% vs. Bleeding: n = 138/817, 16.9%, p < 0.001)
(Fig. 3B). There were significantly more patients suffering from GI
bleeding while receiving acid suppressing treatment compared to
those who did not (‘ASD’: n = 766/14,975, 5.1% vs. ‘NoASD’: n = 51/
2307, 2.2%, p < 0.001, respectively) (Fig. 3A).

The age (OR = 0.998, 95% CI = 0.992—1.005, p = 0.585) and the
gender (OR = 0.915, 95% CI = 0.732—1.143, p = 0.432) of patients
did not influence the chance of GI bleeding; however, worse AP
severity carried an almost 3 times higher probability of GI bleeding
(OR = 2.994, 95% CI = 2.623—3.418, p < 0.001). Furthermore, ASD
treatment during hospitalization increased the chance of GI
bleeding by 1.5-fold (OR = 1.543, 95% CI = 1.040—2.291, p = 0.031),
and in case of verified GI infection the chance of GI bleeding was
almost 2.8 times higher (OR = 2.789, 95% CI = 1.997—3.894, p <

Fig. 1. Map of worldwide acid suppressing drug usage. Map shows the use of acid suppressing drugs in patients with acute pancreatitis during hospitalization.
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Fig. 2. Disease severity and mortality rate in patients with or without acid suppressing drug (ASD) treatment. A) Disease severity in patients with (ASD) or without ASD (No
ASD) therapy. B) Number (n) and percentage of patients who received ASDs in the different severity groups, and mortality rates in ASD and No ASD groups.

0.001).

Characterization of patients undergone SCT

From the 17,422 patients, an SCT was performed in 1102 cases
(6.3%) (Fig. 4A). There were significantly more patients with mild
AP who did not undergo stool culture testing (NoSCT: n = 9961/
16,320, 61% vs. SCT: n = 529/1102, 48%, p < 0.001). In case of
moderate and severe AP, the number of patients that underwent
testing during hospitalization was significantly higher (NoSCT: n =
4214/16,320, 25.8% vs. SCT: n = 294/1102, 26.7%, p < 0.001 and
NoSCT: n = 2145/16,320, 13.2% vs. SCT: n = 279/1102, 25.3%, p <
0.001, respectively) (Fig. 4B). Mortality was significantly higher in
patients with stool culture testing (NoSCT: n = 698/16,320, 4.3% vs.
SCT: n = 102/1102, 9.3%, p < 0.001) (Fig. 4C). The frequency of SCT
orders increased with the severity of AP, mild: 5.0% (n = 529/
10,490), moderate 6.5% (n = 294/4508), severe: 11.5% (n = 279/
2424). From the 1102 patients who underwent stool culture testing,
313 of them (28.4% of tested patients) had positive results. The most
common pathogens causing Gl infections were Clostridium difficile
(n = 210/347, 60.5%) and the Klebsiella species (n = 35/347, 10.1%)
(Supplementary Table 2A), and there was only a single pathogen
verified in 91.4% of the cases (n = 286/313) (Supplementary
Table 2B).

Acid suppressing treatment is not associated with higher risk for GI
infection

Among patients with GI infections, there was a significantly
lower number of patients in the mild AP group (n = 95/313, 30.4%)
compared to the number of mild cases in patients without an
infection (n = 434/789, 55%, p < 0.001) (Fig. 4D). We found
significantly more moderate (Positive: n = 103/313, 32.9% vs.
Negative: n = 191/789, 24.2%, p < 0.001) and severe (Positive: n =
115/313, 36.7% vs. Negative: n = 164/789, 20.8%, p < 0.001) cases in
patients with positive SCT (Fig. 4D). In patients with GI infection,

the mortality rate was significantly higher compared to the rate in
the group tested negative for GI infections (Positive: n = 42/313,
13.4% vs. Negative: n = 60/789, 7.6%, p = 0.003) (Fig. 4E). GI
bleeding was significantly more frequent in patients with verified
GI infection (GI bleeding and GI infection: n = 54/302, 17.9% vs. GI
bleeding without GI infection: n = 81/770, 10.5%, p = 0.001)
(Table 1). There was no significant difference in the occurrence of GI
infection between patients with or without ASD treatment (‘ASD’:
n = 285/986, 28.9% vs. ‘NoASD": n = 28/116, 24.1%, p = 0.276)
(Table 2).

Investigating the different factors that could have an effect on
the above results we found that the age (OR = 0.999, 95% CI =
0.992-1.006, p = 0.781) and the gender (OR = 1.073, 95% CI =
0.847—1.359, p = 0.559) of patients, and whether they received
ASDs or not (OR = 1.447, 95% CI = 0.969—2.161, p = 0.071) did not
have an impact on the chance of having GI infection; however,
patients with worse than mild AP severity had a 2.5 times higher
odds for Gl infections (OR = 2.5, 95% CI = 2.178—2.870, p < 0.001).

Discussion

ASDs, especially PPIs are among the most frequently prescribed
drugs with increasing use every year. Even though there are well
established indications for a wide array of diseases when and how
to conduct treatment with ASDs, several studies were published
regarding their overprescription, and difficulties to discontinue
their application. Some suggests that possible reasons could be
prescription based on empirical decision or for conditions without
any indication [12,13,22,23]. Data from our cohort supports the
worldwide overuse of ASDs, specifically in patients with AP. 23.3%
of patients received ASD treatment before being admitted to the
hospital, and their number has increased by 3.7-fold during hos-
pitalization with almost all of the patients receiving some kind of
ASD. More than 50% of patients had remained on an ASD after
discharge, a more than 2-fold increase relative to the number at
admission. These numbers are in accordance with literature data
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Fig. 3. Disease severity and mortality rate in patients with or without gastrointestinal (GI) bleeding. A) Percentage of patients with GI bleeding in the entire cohort, in patients
with or without acid suppressing drug (ASD) treatment. B) Disease severity in patients with and without GI bleeding. C) Number (n) and percentage of patients who had GI bleeding

or did not have GI bleeding in the different severity groups, and mortality rates.

whereas patients after receiving ASDs during hospitalization get
usually discharged with them [23]. Unfortunately, this is another
example which shows that big difference can occur between
guidelines and their application [24]. Moreover, ASD treatment in
AP was associated with more severe pancreatitis and higher mor-
tality rate in our cohort.

There are contradictory results in the literature about the safety
of ASD use in AP. In a Korean randomized clinical trial, the in-
vestigators separated AP patients into two groups, one receiving
pantoprazole intravenously during fasting and later orally, and
another without PPI treatment. In this study, treatment with pan-
toprazole did not influence the clinical course of AP [14]. In another
randomized clinical trial from China, severe AP patients receiving
conventional therapy were compared to patients on conventional
therapy with esomeprazole treatment, and PPI therapy did not
show benefit on alleviating systemic inflammatory response and
improving clinical scores in severe AP patients, and did not prevent
the development of peptic ulcer and GI hemorrhage [15]. Data from
10,400 severe AP patients were analyzed in a Japanese retrospec-
tive study, and even though the rates of upper GI bleeding and
organ failure were significantly higher in patients with PPI therapy,
after propensity analysis, data showed that PPIs did not have an
effect on mortality [16]. On the contrary, in a Swedish population-
based case-control study, they observed association between

current use of H2-RAs or PPIs and increased risk of AP, besides
previous literature data where they reported ASDs to cause AP [17].

Systemic inflammatory response syndrome is often a compli-
cation of severe AP, which leads to high level of inflammatory
markers [26] and organ dysfunctions. Patients with severe AP,
especially those who require intensive care treatment or mechan-
ical ventilation are prone to develop stress-related acute gastric
mucosal lesions [10]. Acute GI mucosal lesions can range from
simple gastritis and erosions to ulceration and bleeding [25], more
than half of patients with AP may develop upper GI ulcers, and the
occurrence shows positive correlation with the severity of
pancreatitis [8,27]. Hypersecretion of gastric acid seems to play a
major role at the pathogenesis of stress-related acute gastric
mucosal lesions. Therefore, in these cases it can be indicated to use
prophylaxis for peptic ulcer disease [8,28]. Based on our results, not
only in case of severe, but also in moderate pancreatitis cases there
were significantly more patients receiving ASD treatment which
supports our previous data about their frequent usage.

Protection of upper GI mucosa could be a possible indication for
ASD administration in AP patients, which could decrease the rate of
Gl bleeding. Since ERCP- and surgery-related vascular complica-
tions cannot be prevented with ASD treatment, we did not include
these types of GI bleedings in our analyses. In the studied popula-
tion, 4.7% of patients suffered from GI bleeding. Although we did
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Table 1

Gastrointestinal (GI) infection in patients with or without GI bleeding. Results of
stool culture testing (SCT) in patients with or without GI bleeding with patient
number (n) and percentage.

Table 2

Gastrointestinal infection in patients with or without acid suppressing drug
(ASD) treatment. Result of stool culture testing (SCT) in patients with or without
ASD therapy with patient number (n) and percentage.

No bleeding Gl bleeding No ASD ASD
n % n % n % n %
NEGATIVE SCT 689 89.5 81 10.5 770 NEGATIVE SCT 88 75.9 701 711
POSITIVE SCT 248 82.1 54 179 302 POSITIVE SCT 28 241 285 289
116 986

not collect data on the cause of death, GI bleeding was associated
with higher morbidity and mortality, which increases the length
and cost of hospitalization. Investigating the association between
ASD treatment and GI bleeding, we found that bleeding occurred
more frequently in patients on ASD therapy which correlates with
literature data [15,16]. Based on the study of Chen et al. [8] in which
all the included patients received PPIs when a GI lesion was

detected with endoscopy, 22% of severe pancreatitis patients had GI
bleeding [8]. We did not collect data on the time of bleeding and the
start of ASD therapy. A possible explanation could be that when GI
bleeding was recognized then ASD therapy was started, although,
that still does not give an explanation why more than 80% of pa-
tients had to receive ASDs. Especially that more than 60% of pa-
tients had mild AP, and in that group only 2.1% of patients were
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suffering from GI bleeding. Therefore, these results suggest GI
bleeding recognition is not the indication of starting ASD treatment
in AP patients, and it also does not explain why more than 50% of
patients have to receive ASDs upon discharge from the hospital.

ASDs are considered well tolerated and effective, and only rare
and mild side effects have been reported in short-term use. How-
ever, nonessential long-term ASD treatment can lead to various
side effects in spite of their reported good safety profile [12]. Such
as elevated prevalence of small intestinal bacterial overgrowth
which results in malabsorption [29], increased risk for respiratory
infections [30,31] and several GI cancers (gastric, colorectal, liver or
pancreatic cancers) [13,31—35]. Other long-term side effects can be
micronutrient deficiencies, kidney disease, osteoporosis and de-
mentia. Long-term administration without proper re-evaluation
and guidelines will lead to polypharmacy and potential drug-
drug interactions [31]. Although several studies have shown asso-
ciation between adverse events and complications of long-term
ASD use, they have led to contradictory results [11]. Side effects
are also including elevated risk for GI infections by repressing the
gastric acid barrier and altering the microbiome. Notably, Clos-
tridium difficile infection has shown strong association with ASD
therapy [12,22,30,31,36,37]. From the wide array of possible long-
term complications, we investigated the relationship between
acid suppressing therapy and occurrence of GI infections in AP
patients. According to our results, ASD administration did not
elevate the risk for GI infections. However, ordering of SCTs has
been associated with more severe AP and higher mortality rate.
Even though, there was relatively low number of testing among the
included patients, almost 30% of them had GI infections. In our
cohort, the most common pathogen was Clostridium difficile (60%)
in accordance with literature data in other diseases. An important
factor that has to be taken into consideration is the frequent usage
of unnecessary antibiotic drugs in AP patients. The most frequently
used antibiotics can be effective for the most common Gl infections
[38]. In the studied patient population, GI infections have been
associated with more severe AP, higher rate of GI bleeding and
worse mortality. Therefore, length of hospitalization and the cost of
treatment could be worse in patients with GI infections.

Our cohort analysis has its limitations, since it is a retrospective
data analysis, we cannot draw causative conclusions from the
findings above, only associations can be determined between the
investigated parameters.

Our aim was to investigate the current place of ASDs in patients
with AP and evaluate their safety and effectiveness that we could
present in a large AP population. Based on the epidemiologic
characteristics of our cohort and the numerous international cen-
ters who contributed data, our patient population substantiates a
general representation of patients with AP [39,40]. Our data shows
a worldwide unnecessary ASD use in AP patients, even though
there is no substantial evidence that ASD treatment is beneficial for
the therapy of AP. Hereby, we present their association with higher
morbidity and mortality. Our cohort analysis is among the first to
report data on the rate of GI bleeding not related to surgery or ERCP
in patients with AP. Based on our data, ASD administration during
AP did not increase the risk for GI infections. Taking into consid-
eration the advice from the American Gastroenterological Associ-
ation, the benefits of ASDs outweigh their risks if appropriately
prescribed, but when there is no indication, modest risks become
important because there is no potential benefit [15]. Therefore,
according to our results, the routine administration of ASDs is not
recommended in patients with AP if there is no other indication for
their administration. Long-term complications could be avoided by
re-evaluating the current clinical practices, incorporate recom-
mendations to current guidelines, and by giving detailed plans for
patients and their general practitioners how to gradually reduce or

leave the ASDs, and when to follow up on them.
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Background: Clopidogrel and proton pump inhibitors (PPIs) are metabolized by
cytochrome P450 enzymes. Contradictory results have been reported on possible
complications of simultaneous PPl and clopidogrel use. Our aim was to investigate the
clinical relevance of this debate with a systematic review and meta-analysis.

Methods: The PubMed, Embase, and Cochrane Central Register of Controlled Trials
electronic databases were searched for human studies [randomized controlled trials
(RCTs) and observational studies] using the PICO format (P: patients on clopidogrel; I:
patients treated with PPI; C: patients without PPI treatment; O: cardiovascular risk). We
screened eligible studies from 2009 to 2016. After study exclusions, we extracted data
from 27 articles for three outcomes: major adverse cardiac event (MACE), myocardial
infarction (Ml) and cardiovascular (CV) death. The meta-analysis was registered on
PROSPERO (CRD42017054316).

Results: Data were extracted on 156,823 patients from the 27 trials included (MACE:
23, GV death: 10, MI: 14). The risks of MACE (RR = 1.22, 95% CI = 1.06-1.396,
p = 0.004) and MI (RR = 1.43, 95% Cl = 1.24-1.66, p < 0.001) were significantly
higher in the PPI plus clopidogrel group. However, subgroup analysis demonstrated that
this significance disappeared in RCTs (RR = 0.99, 95% Cl = 0.76-1.28, p = 0.93)
in the MACE outcome group. There was no effect of combined PPl and clopidogrel
therapy on CV death outcome (RR = 1.21, 95% Cl = 0.97-1.50, p = 0.09).
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Demcsak et al.

Clopidogrel Plus PPIs: Cardiovascular Outcomes

Conclusion: Concomitant use of PPIs and clopidogrel has been proved not to be
associated with elevated cardiovascular risks according to RCTs. Based on our results,
no restrictions should be applied whenever PPIs and clopidogrel are administered

simultaneously.

Keywords: proton pump inhibitors, clopidogrel, cardiovascular risk, drug interaction, cytochrome P450, meta-

analysis

INTRODUCTION

The literature consists of contradictory findings on the
concomitant usage of clopidogrel and proton pump inhibitors
(PPIs). A combination of antiplatelet drugs is used for
the treatment of acute coronary syndrome (i.e., aspirin and
thienopyridines) and for the secondary prevention of further
cardiovascular (CV) events (Yusuf et al., 2001). It is well-
documented that dual antiplatelet therapy is followed by possible
side-effects, such as higher risk for gastrointestinal (GI) bleeding
increasing both mortality and ischaemic complications (Nikolsky
etal,, 2009; Disney et al., 2011). To reduce the risk of GI bleeding
in patients with risk factors, PPIs are strongly recommended by
the American College of Cardiology, the American College of
Gastroenterology, and the American Heart Association (Bhatt
et al,, 2008; Abraham et al., 2010; Disney et al., 2011). In vitro
findings suggested that PPIs reduce the antiplatelet effect of
clopidogrel (Gilard et al.,, 2008), followed by several clinical
studies with contradictory outcomes (Pezalla et al., 2008; Ho
et al, 2009; Juurlink et al, 2009; O’Donoghue et al., 2009;
Rassen et al., 2009; Bhatt et al, 2010; Charlot et al., 2010;
Gupta et al., 2010; Hudzik et al, 2010; Kreutz et al., 2010;
Ray et al, 2010; van Boxel et al., 2010; Zairis et al., 2010;
Burkard et al., 2012; Mo et al., 2015; Sherwood et al., 2015).
A higher risk for CV outcomes was found in several studies,
systematic reviews and meta-analyses in patients with clopidogrel
on PPI therapy. Generally, whenever observational studies were
included, a positive association was described. On the other
hand, whenever propensity-matched groups were compared
the difference between the groups disappeared (Rassen et al.,
2009; Kwok and Loke, 2010; Valkhoftf et al., 2011; Chen et al.,
2012; Mo et al, 2015). Therefore, it is clear that a precise
investigation is crucial to understanding the potential CV risk of
co-administration of clopidogrel and PPIs.

MATERIALS AND METHODS
Literature Search

A systematic review of studies was performed in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) Statement (Moher et al.,, 2015). After
developing our clinical question and translating it into a well-
defined systematic review question based on the PICO format
(Patients, Interventions, Comparators and Outcomes), a manual

Abbreviations: CV, cardiovascular; GI, gastrointestinal; MACE, major adverse
cardiac event; MI, myocardial infarction; PPI, proton pump inhibitor; RCT,
randomized controlled trial; RR, risk ratio/relative risk

search of medical databases, including PubMed (MEDLINE),
Embase, and the Cochrane Central Register of Controlled Trials,
was performed for human observations using the following
PICO format: P: patients on clopidogrel; I: patients treated
with PPL; C: patients without PPI treatment; O: cardiovascular
risk. Two independent investigators (AD and ERB) separately
screened the titles and abstracts for eligible studies published
from inception to 30 December 2016. The flowchart for this
process is shown in Figure 1. After searching the international
prospective register for systematic reviews (PROSPERO) for
ongoing or completed meta-analyses on the examined effects of
PPIs, we registered our present meta-analysis on PROSPERO
under No. CRD42017054316.

Study Selection

Inclusion criteria: (1) randomized or observational studies
(cohort and case-control studies) carried out either in a retro- or
prospective manner; (2) only adult patients (over 18 years); (3)
patients receiving clopidogrel treatment; (4) should compare PPI
takers (omeprazole, pantoprazole, esomeprazole, lansoprazole
and/or rabeprazole; all doses) and non-PPI takers; (5) we
only involved studies that stated exact patient number in the
preferred groups (total number of patients, patients who received
clopidogrel and PPI, outcome number); (6) human studies; (7)
studies should show data for either one or more of the following
outcomes: (1) major adverse cardiac event (MACE): composite of
cardiac and non-cardiac death, non-fatal myocardial infarction,
target vessel failure; (2) myocardial infarction (MI): myocardial
infarction or new, definitive major coronarographic defect; (3)
CV death: only CV death. Studies published in English were
selected. Duplicates were eliminated from the analysis manually.
Disagreements were resolved by consulting a small committee of
three researchers (PeH, JB, and AV).

Data Extraction

Numeric and texted data were extracted from the eligible
articles as follows: author, publication year, study type,
study endpoints, number of patients in the study, in PPI
and in non-PPI treatment groups, and number of patients
who received clopidogrel. We also collected the specified
generic name of the PPI and patient number if indicated.
For study characteristics we collected numeric and texted
data as follows: country/region, mean follow up, number
of male patients, mean age and mean body mass index,
other medications (angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker, statin), cardio- and cerebrovascular
history (MI, percutaneous coronary intervention, stroke)
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v

Records identified through database searching:

g PubMed (MEDLINE) n=294

= Embase n=138

= Cochrane Central Register of Controlled Trials n=43
=

)

- |

Records screened by titles and abstracts

g_ll) n=236
=

: |

@

=

9
75}

Full-text publications and abstractsX
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>
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:E (35 publications+9 previous meta-analyses including 41 other articles)
S
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=

S

3 |

=

)
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—

I n=23 articles for MACE I I n=10 articles for CV death l

I n=14 articles for MI ]

x, full articles were not available by any suitable sources.

FIGURE 1 | Flowchart for study selection and inclusion. CV, cardiovascular; MACE, major adverse cardiac event; Ml, myocardial infarction; PPI, proton pump inhibitor;

and CV risk factors (hypertension, diabetes mellitus,
dyslipidaemia, smoking) in the non-PPI and PPI groups
(Supplementary Tables 1A-D).

Risk of Bias

The Newcastle-Ottawa quality assessment scale (Wells et al.,
2013) has been edited to our study design, and was used to
assess the quality of observational studies and post-hoc analyses
of randomized controlled trials (RCTs) (For further details see
Supplementary Material, Supplementary Figure 7B). We used
the Cochrane risk of bias tool (Higgins et al., 2011) for quality
assessment of RCTs (Supplementary Figure 7A).

Statistical Analysis

We calculated risk ratio/relative risk (RR) and 95% confidence
interval (CI) for CV events (MACE, MI and CV death).
As secondary analyses, we calculated pooled hazard ratios
and 95% CI for the adjusted events for all three major
outcomes (Supplementary Figures 4-6). Between-study
heterogeneity was tested with the I? statistic, where I? is the

proportion of total variation attributable to between-study
variability. I?> heterogeneity was interpreted according to the
Cochrane Handbook for Systematic Reviews and Interventions
recommendation: 0-40%: might not be important; 30-60%:
may represent moderate heterogeneity; 50-90%: may represent
substantial heterogeneity; 75-100%: considerable heterogeneity
(Higgins and Green, 2011). Fixed or random effects models were
used for comparison between the two groups (clopidogrel alone
or clopidogrel plus PPI), based on the degree of heterogeneity,
or based on methodological factors such as difference between
study designs or applied PPIs, not homogeneous patient
population etc. We estimated the effect of follow up and age on
the risk of the three major outcomes by performing random
effects meta-regression expressed as standard error and 95%
CL P-values of <0.05 for relative risks and standard errors,
and p-values of <0.10 for heterogeneity were considered as
indicators of significance. We estimated publication bias through
a visual inspection of funnel plots (Figures 5A-C). The statistical
analysis was performed by a trained biostatistician (TL). All
analyses were performed with the Review Manager (RevMan)
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software, Version 5.3 (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014).

RESULTS
Study Selection

Two hundred and thirty-six articles were identified in the
preliminary search. One hundred and ninety-three studies were
excluded (Figure 1). Seventy-six publications (25 full texts, 10
abstracts, and 41 articles from previous meta-analyses) were
assessed for eligibility and qualitative synthesis. Forty-seven of
them were excluded due to insufficient data on study groups and
another two for statistical reasons (the event rate was zero). A
total of 27 studies (Rassen et al., 2009; Bhatt et al., 2010; Cai et al.,
2010; Charlot et al., 2010; Evanchan et al., 2010; Gupta et al,,
2010; Hudzik et al., 2010; Kreutz et al., 2010; Ray et al., 2010;
Stockl et al., 2010; van Boxel et al., 2010; Hsu et al., 2011; Ren
et al., 2011; Rossini et al., 2011; Simon et al., 2011; Burkard et al.,
2012; Chitose et al., 2012; Goodman et al., 2012; Ng et al., 2012;
Yano et al.,, 2012; Hokimoto et al., 2014; Shih et al., 2014; Zou
et al,, 2014; Weisz et al,, 2015; Ayub et al., 2016; Gargiulo et al.,
2016) were selected for quantitative analyses. The researchers and
committee involved in the selection (5 investigators) were in total
agreement on all the inclusions and exclusions.

Study Characteristics

Altogether, we found data for MACE in 23 publications
(O’Donoghue et al.,, 2009; Bhatt et al., 2010; Cai et al., 2010;
Charlot et al., 2010; Gupta et al., 2010; Hudzik et al., 2010; Kreutz
etal., 2010; Ray et al., 2010; van Boxel et al., 2010; Hsu et al., 2011;
Ren et al., 2011; Rossini et al., 2011; Simon et al., 2011; Burkard
et al., 2012; Chitose et al.,, 2012; Goodman et al., 2012; Ng et al.,
2012; Yano et al., 2012; Hokimoto et al., 2014; Zou et al., 2014;
Weisz et al., 2015; Ayub et al., 2016; Gargiulo et al., 2016), for CV
death in 10 (Rassen et al., 2009; Bhatt et al., 2010; Gupta et al.,
2010; Simon et al., 2011; Burkard et al., 2012; Chitose et al., 2012;
Goodman et al., 2012; Hokimoto et al., 2014; Zou et al., 2014;
Weisz et al., 2015; Gargiulo et al., 2016) and for MI in 14 (Rassen
et al., 2009; Bhatt et al., 2010; Evanchan et al., 2010; Hudzik et al.,
2010; Stockl et al., 2010; van Boxel et al., 2010; Simon et al., 2011;
Burkard et al., 2012; Chitose et al., 2012; Goodman et al., 2012;
Shih et al,, 2014; Zou et al., 2014; Weisz et al., 2015; Gargiulo
et al., 2016). Seventeen of them were observational studies, 16
were cohorts (Rassen et al., 2009; Charlot et al., 2010; Evanchan
etal., 2010; Gupta et al,, 2010; Kreutz et al., 2010; Ray et al., 2010;
Stockl et al., 2010; van Boxel et al., 2010; Rossini et al., 2011;
Simon et al., 2011; Chitose et al., 2012; Hokimoto et al., 2014; Shih
etal., 2014; Zou et al., 2014; Weisz et al., 2015; Ayub et al., 2016),
and one was a case-control study (Hudzik et al., 2010). Data
from 10 RCTs (O’Donoghue et al., 2009; Bhatt et al., 2010; Cai
etal., 2010; Hsu et al., 2011; Ren et al., 2011; Burkard et al., 2012;
Goodman et al., 2012; Ng et al., 2012; Yano et al., 2012; Gargiulo
et al., 2016) were also collected. As post-hoc analyses of RCTs,
in four studies (O’Donoghue et al., 2009; Burkard et al., 2012;
Goodman et al,, 2012; Gargiulo et al., 2016) the populations and
outcome of our interest (clopidogrel plus PPI vs. clopidogrel plus
non-PPI treatment) were not randomized, therefore, their data

were included in the statistical analyses of observational studies.
The method and the study selection are shown in Figure 1. All
the studies included were published between 2009 and 2016. The
characteristics of the studies involved in the meta-analysis are
summarized in Table 1 according to the major outcome groups,
and in Supplementary Tables 1A-D.

The number of patients involved was 156,823. A total of
63,756 received PPI plus clopidogrel treatment (ranging from
18 to 6,843), and 99,910 (ranging from 20 to 17,949) were in
the clopidogrel alone group. Risk of MACE was determined
from data from 127,695 patients, MI risk was assessed on the
basis of data from 82,330 patients, and risk of CV death was
evaluated based on data from 53,905 patients. The PPIs used
in the studies were esomeprazole, omeprazole, pantoprazole,
rabeprazole, and lansoprazole, but in this meta-analysis as a
subgroup analysis we only drew conclusions on the results for
omeprazole, esomeprazole, and pantoprazole due to the low
number of studies separating data for different PPIs.

Major Adverse Cardiac Event

Twenty-three studies (O’Donoghue et al., 2009; Bhatt et al., 2010;
Cai et al,, 2010; Charlot et al., 2010; Gupta et al., 2010; Hudzik
et al,, 2010; Kreutz et al., 2010; Ray et al., 2010; van Boxel et al.,
2010; Hsu et al., 2011; Ren et al., 2011; Rossini et al., 2011; Simon
et al., 2011; Burkard et al., 2012; Chitose et al., 2012; Goodman
et al,, 2012; Ng et al,, 2012; Yano et al., 2012; Hokimoto et al.,
2014; Zou et al, 2014; Weisz et al.,, 2015; Ayub et al, 2016;
Gargiulo et al., 2016) reported the incidence of MACE. Our
results showed that the risk of MACE is significantly higher in
the PPI group (RR = 1.22, 95% CI = 1.06-1.39, p=0.004), with
considerable heterogeneity across the studies included (I = 90%,
p < 0.001). However, separating the data for the RCT studies
from that of the non-RCT studies revealed that a significant
association of adverse outcomes (MACE) can only be seen
in non-randomized studies (observational studies: RR = 1.26,
95% CI = 1.09-1.46, p = 0.002, I*> = 93%, p < 0.001; RCTs:
RR = 0.99, 95% CI = 0.76-1.28; I* = 0%, p = 0.93), although
the heterogeneity remained considerable in the observational
group, which might not be relevant in the RCT group (Figure 2A,
Supplementary Figure 1A). As the result of meta-regression
analyses, MACE was not depending on the length of follow up
(SE = 0.007, 95% CI = —0.014 to 0.014, p = 0.97), based on the
results of 18 studies (Bhatt et al., 2010; Charlot et al., 2010; Gupta
et al,, 2010; Hudzik et al., 2010; Ray et al., 2010; van Boxel et al.,
2010; Hsu et al,, 2011; Simon et al., 2011; Burkard et al., 2012;
Chitose et al,, 2012; Goodman et al., 2012; Ng et al., 2012; Yano
et al., 2012; Hokimoto et al., 2014; Zou et al., 2014; Weisz et al.,
2015; Ayub et al., 2016; Gargiulo et al., 2016), and the age of the
patients did not influence the occurrence of the outcome either
(SE = 0.023, 95% CI = —0.011 to 0.081, p = 0.14), based on the
data found in 19 studies (O’Donoghue et al., 2009; Bhatt et al.,
2010; Charlot et al., 2010; Gupta et al., 2010; Hudzik et al., 2010;
Ray et al,, 2010; van Boxel et al., 2010; Hsu et al., 2011; Simon
et al., 2011; Burkard et al., 2012; Chitose et al., 2012; Goodman
etal., 2012; Ngetal.,2012; Yano et al., 2012; Hokimoto et al., 2014;
Zou et al., 2014; Weisz et al., 2015; Ayub et al., 2016; Gargiulo
et al., 2016).
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TABLE 1 | Study characteristics.

References, year Study type Number of PPI PPI Event number: Event number: Event number:
patients (generic name) (number of MACE CV death MI
patients) (PPI group) (PPI group) (PPI group)
Ng et al., 2012 RCT 311 Esomeprazole 163 7
Yano et al., 2012 RCT 130 Omeprazole 65 8
Hsu et al., 2011 RCT 42 Esomeprazole 21 4
Ren et al., 2011 RCT 172 Omeprazole 86 22
Bhatt et al., 2010 RCT 3,761 Omeprazole 1,876 55 5 14
Caietal.,, 2010 RCT 60 40 10
Omeprazole
Pantoprazole
Gargiulo et al., 2016 RCT 1,970 738 85 29 41
(post-hoc analysis) Pantoprazole 56
Lansoprazole 671
Omeprazole, 11
esomeprazole,
rabeprazole
Burkard et al., 2012 RCT 801 109 33 10 25
(post-hoc analysis) Esomeprazole 55
Pantoprazole 27
Omeprazole 19
Goodman et al., 2012 RCT 9,276 3,255 398 180 245
(post-hoc analysis) Omeprazole 1,592
Pantoprazole 973
Esomeprazole 387
Lansoprazole 251
Rabeprazole 51
O’Donoghue et al., RCT 13,608 4,529 255
2009 (post-hoc analysis) Omeprazole 1,675
Pantoprazole 1,844
Lansoprazole 441
Esomeprazole 613
Ayub et al., 2016 Observational 740 Omeprazole 332 30
cohort Esomeprazole 40 6
Pantoprazole 81 10
Weisz et al., 2015 Observational 8,581 NS 2,162 238 58 100
cohort
Hokimoto et al., 2014 Observational 174 Rabeprazole 50 5
cohort
Shih et al., 2014 Observational 2,703 NS 1,351 12
cohort
Zou et al., 2014 Observational 7,653 6,188 860 223 132
cohort Omeprazole 5,587
Pantoprazole 407
Esomeprazole 194
Chitose et al., 2012 Observational 630 NS 187 7 4 1
cohort
Rossini et al., 2011 Observational 1,328 1,158 87
cohort Lansoprazole 853
Pantoprazole 178
Omeprazole 125
Simon et al., 2011 Observational 2,353 1,453 94 24
cohort Omeprazole 993 43
Esomeprazole 311 20
Pantoprazole 99 12
Lansoprazole 46 1
Charlot et al., 2010 Observational 24,702 NS 6,753 1058
cohort
Evanchan et al., 2010 Observational 5,794 1,369 356
cohort Esomeprazole 749
Lansoprazole 36
Omeprazole 163
Pantoprazole 693
(Continued)
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TABLE 1 | Continued

References, year Study type Number of PPI PPI Event number: Event number: Event number:
patients (generic name) (number of MACE CV death MI
patients) (PPI group) (PPI group) (PPI group)
Gupta et al., 2010 Observational 315 72 40 14
cohort Rabeprazole,
omeprazole,
lansoprazole
Hudzik et al., 2010 Observational 38 Omeprazole 18 10 6
case-control
Kreutz et al., 2010 Observational 16,690 6,828 1710
cohort Omeprazole 2307
Pantoprazole 1,653
Lansoprazole 785
Esomeprazole 3257
Ray et al., 2010 Observational 16,221 7,226 461
cohort Omeprazole 683
Pantoprazole 4,708
Lansoprazole,
rabeprazole,
esomeprazole
Stockl et al., 2010 Observational 2,066 1,033 138
cohort Pantoprazole 659
Rabeprazole 159
Omeprazole 86
Lansoprazole 83
Esomeprazole 46
van Boxel et al., 2010 Observational 18,139 5,734 754 84
cohort Omeprazole 1,826
Pantoprazole 2,618
Esomeprazole 1,092
Rabeprazole 133
Lansoprazole
Rassen et al., 2009 Observational 18,565 3,996 61 238
cohort Omeprazole,
rabeprazole,
esomeprazole,
lansoprazole,
pantoprazole

CV, cardiovascular; MACE, major adverse cardiac event; MI, myocardial infarction; NS, not shown/not specified; PPI, proton pump inhibitor; RCT, randomized controlled trial.

In case of patients on omeprazole among the 6 publications
included (Bhatt et al., 2010; Hudzik et al., 2010; Ren et al,,
2011; Simon et al, 2011; Yano et al., 2012; Ayub et al., 2016),
there was no significant difference between the clopidogrel
plus PPI and clopidogrel alone groups (RR = 0.80, 95%
CI = 0.50-1.28, p = 0.35), but since there was evidence
of considerable heterogeneity (I> = 81%, p < 0.001), the
random effect model was used for comparison (Figure 2B,
Supplementary Figure 1B). In the case of esomeprazole (4
publications, Hsu et al., 2011; Simon et al, 2011; Ng et al,
2012; Ayub et al, 2016), results showed no significant
difference in the occurrence of MACE between the groups
(RR = 073, 95% CI = 0.51-1.05, p = 0.09) (Figure 2B,
Supplementary Figure 1B). The heterogeneity might not be
important (I? = 0%, p = 0.41); the fixed effects model was used
for comparison. In the pantoprazole group, we only found two
eligible publications (Simon et al., 2011; Ayub et al., 2016) for
MACE, and there was no difference between the two groups
(RR = 091, 95% CI = 0.60-1.39, p = 0.66) (Figure 2B,

Supplementary Figure 1B). The heterogeneity might not be
important (I = 0%, p = 0.34); the fixed effects model was used
in analyzing of this specific PPI. The results of analyzing the
adjusted events for the overall outcome and for different PPIs are
presented as Supplementary Material.

Cardiovascular Death

Data on CV death was reported in 10 studies (Rassen et al., 2009;
Bhatt et al., 2010; Gupta et al., 2010; Simon et al., 2011; Burkard
et al,, 2012; Chitose et al., 2012; Goodman et al., 2012; Zou et al.,
2014; Weisz et al., 2015; Gargiulo et al., 2016), including 53,905
patients; only one study’s data was evaluated as RCT (Bhatt et al,,
2010). There was no significant effect of concomitant clopidogrel
and PPI treatment on CV death (RR = 1.21, 95% CI = 0.97-1.50,
p = 0.09). The result from the statistical analysis may represent
substantial heterogeneity across the studies (I> = 67%, p = 0.001).
The length of follow up and the age of the patients did not affect
the risk for CV death based on results of the included 10 studies
(follow up: SE = 0.009, 95% CI = —0.016 to 0.021, p = 0.81; age:
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Test for overall effect: Z=1.42 (P=0.15)

Test for subaroup differences: Chi*= 0,63, df=2 (P=0.73), F=0%

A PPI Non-PPI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, 95% CI v, 95% CI
1.1.1 Observational studies
Ayub, 2016 46 453 49 287  45% 0.59 [0.41, 0.86) =
Simon, 2011 125 1453 100 900 5.6% 0.77 [0.60, 0.99) ==
O'Donoghue, 2009 255 4529 526 9079 6.4% 0.97(0.84,1.12) T
Ray, 2010 461 7226 580 8995 6.6% 0.99(0.88,1.11] &
Chitose, 2012 7187 16 443 1.8% 1.04(0.43,2.48) —
Goodman, 2012 398 3255 611 6021 6.6% 1.20[1.07,1.36) I=
Hokimoto, 2014 5 50 10 124 1.4% 1.24 [0.45, 3.45) =
Gargiulo, 2016 85 738 113 1232 55% 1.26 [0.96, 1.64) I
Zou, 2014 860 6188 155 1465 6.3% 1.31[1.12,1.54) =
Weisz, 2015 238 2162 531 6419 6.4% 1.33[1.15,1.54] oy
Kreutz, 2010 1710 6828 1766 9862 6.9% 1.40(1.32,1.48) *
Rossini, 2011 87 1158 9 170 26% 1.42(0.73,2.77) = B
Burkard, 2012 33 109 144 692  5.0% 1.45(1.06, 2.00) o
Gupta, 2010 40 72 92 243 55% 1.47[1.13,1.91) =
Charlot, 2010 1058 6753 1506 17943 6.8% 1.87 [1.73,2.01) =
Van Boxel, 2010 754 5734 830 12405 6.7% 1.97 [1.79,2.16) o
Hudzik, 2010 10 18 4 20 15% 2.78(1.05,7.32)

Subtotal (95% CI) 46913 76306 86.3% 1.26 [1.09, 1.46] (3
Total events 6172 7042
Heterogeneity: Tau*= 0.07; Chi*= 217.71, df= 16 (P < 0.00001); F= 93%
Testfor overall effect: Z=3.12 (P = 0.002)
1.1.2RCTs
Yano, 2012 8 65 1 65 1.9% 0.73(0.31,1.69) —
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Heterogeneity: Tau®= 0.07; Chi*= 226.59, df= 22 (P < 0.00001); F= 90% =0 01 051 150 1007
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PPI Non-PPI Risk Ratio Risk Ratio
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1.4.1 Omeprazole
Simon, 2011 43 993 100 900 12.0% 0.39(0.28, 0.55) =
Ayub, 2016 30 332 43 287 11.0% 0.53(0.35,0.81) -
Yano, 2012 8 65 1 65 6.5% 0.73[0.31,1.69) S
Ren, 2011 22 86 22 86 10.0% 1.00 [0.60, 1.66) =t
Bhatt, 2010 55 1876 54 1885 11.7% 1.02[0.71,1.48) o
Hudzik, 2010 10 18 4 20 55% 2.78[1.05,7.32) =
Subtotal (95% Cl) 3370 3243 56.6%  0.80[0.50, 1.28] <
Total events 168 240
Heterogeneity: Tau®= 0.26; Chi*= 26.29, df= 5 (P < 0.0001); F=81%
Test for overall effect: Z= 0.94 (P = 0.35)
1.4.2 Esomeprazole
Simon, 2011 20 31 100 900 10.5% 0.58 (0.36, 0.92) =
Ayub, 2016 6 40 43 287 7.0% 0.88(0.40,1.92) |
Ng, 2012 7 163 5 148 45% 1.27(0.41,3.92) |
Hsu, 2011 4 2 321 34% 1.33[0.34,5.24) —
Subtotal (95% CI) 535 1356 25.5% 0.73[0.51, 1.05] &
Total events 37 167
Heterogeneity: Tau®= 0.00; Chi*= 2.86, df= 3 (P=0.41); F=0%
Test for overall effect: Z=1.72 (P = 0.09)
1.4.3 Pantoprazole
Ayub, 2016 10 81 49 287 85% 0.72(0.38,1.36] ==
Simon, 2011 12 99 100 900 9.3% 1.08(0.62,1.91] T
Subtotal (95% Cl) 180 1187  17.9% 0.91[0.60, 1.39] @
Total events 22 149
Heterogeneity: Tau®= 0.00; Chi*= 0.91, df=1 (P = 0.34); F= 0%
Test for overall effect: Z= 0.44 (P = 0.66)
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FIGURE 2 | Forrest plots representing the estimated risk of overall major adverse cardiac events (A) and in case of taking specific proton pump inhibitors (B) Cl,
confidence interval; PPI, proton pump inhibitor; RCT, randomized controlled trials.
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Test for overall effect. Z=1.71 (P = 0.09)
Test for subgroup differences: Chi*=0.20, df=1 (P = 0.65), F= 0%

PPI Non-PPI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.3.1 Observational studies
Simon, 2011 94 1453 77 900 13.7% 0.76 [0.57,1.01) —=
Zou, 2014 223 6188 63 1465 141% 0.84 [0.64,1.10) ==
Gargiulo, 2016 29 738 44 1232 10.0% 1.10(0.69,1.74) o
Burkard, 2012 10 109 51 692 7.0% 1.24 [0.65, 2.38) =N =
Goodman, 2012 180 3255 256 6021 16.0% 1.30[1.08,1.57) ke
Gupta, 2010 14 72 35 243 8.2% 1.35(0.77, 2.37) -
Weisz, 2015 58 2162 111 6419 13.2% 1.55(1.13,212) T
Rassen, 2009 61 3996 124 14569 13.4% 1.79(1.32, 2.43) i
Chitose, 2012 4 187 5 443 2.4% 1.90 [0.51, 6.98) =y
Subtotal (95% Cl) 18160 31984 97.9% 1.20 [0.96, 1.50] &
Total events 673 766
Heterogeneity: Tau®*= 0.07; Chi*= 2713, df=8 (P=0.0007); F=71%
Test for overall effect: Z=1.61 (P=0.11)
1.3.2RCTs
Bhatt, 2010 5 1876 3 1885 21% 1.67 (0.40, 7.00) P [ T
Subtotal (95% CI) 1876 1885 2.1% 1.67 [0.40, 7.00] R
Total events 5 3
Heterogeneity: Not applicable
Test for overall effect. Z=0.71 (P = 0.48)
Total (95% CI) 20036 33869 100.0% 1.21[0.97, 1.50] ®
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FIGURE 3 | Forrest plot representing the estimated risk of cardiovascular death. Cl, confidence interval; PPI, proton pump inhibitor; RCT, randomized controlled trials.

Fav. Non-PPl Fav. PPI

SE = 0.022; 95% CI = —0.009 to 0.079, p = 0.12). Unfortunately,
the low amount of data prevented us from evaluating the risk of
CV death in specific PPIs (Figure 3, Supplementary Figure 2).
Analysis of the adjusted events for CV death can be found in the
Supplementary Material.

Myocardial Infarction

Fourteen of the twenty-seven studies contained eligible data
on MI, with data for 82,330 patients for evaluation (Rassen
et al., 2009; Bhatt et al.,, 2010; Evanchan et al., 2010; Hudzik
et al., 2010; Stockl et al., 2010; van Boxel et al.,, 2010; Simon
et al,, 2011; Burkard et al.,, 2012; Chitose et al., 2012; Goodman
et al,, 2012; Shih et al, 2014; Zou et al, 2014; Weisz et al,
2015; Gargiulo et al, 2016); one study’s data was evaluated
as RCT (Bhatt et al., 2010). The risk of MI was significantly
higher in the PPI group (RR = 143, 95% CI = 1.24-
1.66, p < 0.001). The results from the statistical analysis may
represent substantial heterogeneity across the studies (I> = 66%,
p < 0.001) (Figure 4A, Supplementary Figure 3A). Similarly to
MACE and CV death, MI was not depending on the length
of follow up or on the patients’ age based on the included
fourteen studies (follow up: SE = 0.005, 95% CI = —0.005
to 0.013, p = 0.41; age: SE = 0.013, 95% CI = —0.045 to
0.007, p = 0.15). We only found two eligible articles (Bhatt
et al, 2010; Hudzik et al, 2010) for MI in the case of
omeprazole, where there was no difference in risk between

the observed groups (RR = 1.98, 95% CI = 0.31-12.76,
p = 0.47). There may be substantial heterogeneity across the
studies (IZ =  69%, p = 0.07); the random effects model
was used (Figure 4B, Supplementary Figure 3B). We present
the result for the analysis of adjusted MI events in the
Supplementary Material.

Risk of Bias Within Studies

Risk of bias was assessed in 17 non-RCT studies (Rassen et al.,
2009; Charlot et al., 2010; Evanchan et al., 2010; Gupta et al., 2010;
Hudzik et al., 2010; Kreutz et al., 2010; Ray et al., 2010; Stockl
etal., 2010; van Boxel et al., 2010; Rossini et al., 2011; Simon et al.,
2011; Chitose et al., 2012; Hokimoto et al., 2014; Shih et al., 2014;
Zou et al.,, 2014; Weisz et al., 2015; Ayub et al., 2016), four post-
hoc analyses of RCTs (O’Donoghue et al., 2009; Burkard et al.,
2012; Goodman et al.,, 2012; Gargiulo et al., 2016), and in six RCTs
(Bhatt et al., 2010; Cai et al., 2010; Hsu et al., 2011; Ren et al.,
2011; Ngetal., 2012; Yano et al., 2012). The risk of bias within the
27 studies included in this meta-analysis is summarized in the
Supplementary Figures 7A,B.

Publication Bias

Funnel plots were constructed for each outcome and showed
symmetry on visual inspection, suggesting that publication
bias was not large and was unlikely to alter conclusions
(Figures 5A-C).
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confidence interval; PPI, proton pump inhibitor; RCT, randomized controlled trials.
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FIGURE 4 | Forrest plots representing the estimated risk of overall myocardial infarction (A) and in case of applying omeprazole as proton pump inhibitor (B) Cl,

DISCUSSION

A possible interaction between clopidogrel and PPIs came
to the fore after an observational study had been performed
in 2006, which found clopidogrel activity on platelets was
diminished in patients receiving PPI treatment (Gilard et al.,
2006). Later, this potential interaction was tested in the
randomized controlled OCLA (Omeprazole CLopidogrel
Aspirin) study, where omeprazole significantly decreased the

effect of clopidogrel on in vitro platelet activation (Gilard et al.,
2008).

Clopidogrel, a thienopyridine derivative, inhibits platelet
aggregation through irreversible inhibition of the ADP/P2Y12
receptor on the surface of platelets, and, being a prodrug, it
requires a two-step oxidative biotransformation intrahepatically,
mediated mainly by cytochrome P450 isoenzymes. First, the
cytochrome P450 isoenzymes CYP1A2, CYP2B6, and CYP2C19
form 2-oxo-clopidogrel, which is then oxidized by CYP2B6,
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FIGURE 5 | Funnel plots for studies in major adverse cardiac event (A), in
cardiovascular death (B) and in myocardial infarction (C) groups.

CYP2C19, CYP2C9, and CYP3A4 to the active metabolite
of clopidogrel, with CYP2C19 being the most important
isoenzyme. The active metabolite then binds irreversibly
to platelet adenosine diphosphate receptor P2Y12 (Hulot
et al,, 2006; Disney et al., 2011; Tantry et al., 2011), therefore
preventing platelet aggregation. This is associated with the

dephosphorylation of the intraplatelet vasodilator-stimulated
phosphoprotein.  Vasodilator-stimulated ~ phosphoprotein
phosphorylation provides an index to evaluate platelet reactivity
to clopidogrel (Ward and Kearns, 2013). The findings on
mechanisms underlying clopidogrel resistance are contradictory;
these mechanisms may relate to heterogeneity in clopidogrel
metabolism. CYP2C19 activity can have a profound effect on the
conversion of clopidogrel to its active metabolite (Hulot et al.,
2006).

All PPIs are extensively metabolized to inactive metabolites
mainly via CYP2C19 and CYP3A4 in the liver. Rabeprazole
uses these enzymes the least, being mostly converted to its
thioether analog non-enzymatically. The potency and specificity
of five individual PPIs (omeprazole, esomeprazole, pantoprazole,
lansoprazole, rabeprazole) with regard to their inhibitory effects
on the activities of four major human CYP enzymes (CYP2C9,
CYP2C19, CYP2D6, and CYP3A4) have been studied by Li
et al (Li et al, 2004). Lansoprazole was the most potent
inhibitor of CYP2C19 enzyme in vitro, followed by omeprazole
and esomeprazole. Pantoprazole showed the lowest potential
to CYP2C19, however it was at least twice as potent an
inhibitor as other PPIs toward CYP2C9 and CYP3A4. As the
metabolite of rabeprazole, rabeprazole thioether was a strong and
competitive inhibitor of CYP2C9, CYP2C19, and CYP2D6. It has
been suggested that rabeprazole has significantly less drug-drug
interactions than other PPIs, and the main reason is claimed to
be its non-enzyme catalyzed degradation, but the results of Li et
al suggest that omeprazole and rabeprazole have similar affinity to
CYP3A4 (Lietal., 2004; Ogawa and Echizen, 2010). The potential
interaction mechanism lies in the fact that both clopidogrel
and PPIs, in varying degrees, are metabolized by the same
cytochrome P450 enzyme (CYP2C19). PPIs have the potential to
competitively inhibit the metabolism of clopidogrel to its active
metabolite, which leads to reduced circulating concentrations of
the active compound (Disney et al., 2011).

The data on the interactions between clopidogrel and PPIs
remain unclear despite the numerous in vitro and in vivo
studies on the subject. The in vitro studies have shown that the
effectiveness of clopidogrel decreases with simultaneous use of
clopidogrel and PPIs (Gilard et al., 2008), and, therefore, the
risk for CV events will be elevated. Several possible causative
factors may lie behind this phenomenon. One of them is the
connected bio-transformational route of clopidogrel and PPIs,
or the possible differences in genetic polymorphism of these
enzymes (Hulot et al., 2006). There are several studies, mostly
observational ones, whose findings are consistent with these
in vitro results, showing an elevated risk for CV side-effects in
patients on combined clopidogrel and PPI treatment (Pezalla
et al., 2008; Ho et al., 2009; Juurlink et al., 2009; Kreutz et al.,
2010). However, it should be noted that prophylactic PPIs are
more likely prescribed to patients with a higher risk for CV events
(Disney et al., 2011).

There is considerable disagreement between the various
clinical studies that show no increased risk of CV outcomes
(O’Donoghue et al., 2009; Rassen et al., 2009; Bhatt et al., 2010;
Ray et al., 2010; Zairis et al., 2010). Furthermore, a few studies
found no difference in the possible disadvantageous effect of PPI
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drugs causing extended inhibition of CYP2C19 (O’Donoghue
et al., 2009; Zairis et al., 2010). In several cases, the authors used
multivariable adjustments for covariates to standardize because
the effect of possible factors (such as age, co-morbidities, and
co-medication) could modify the outcomes (Rassen et al., 2009;
Valkhoft et al.,, 2011). In a well-designed case-control study, a
current PPI plus clopidogrel group result was compared to the
results for patients on current clopidogrel plus past PPI therapy.
The association between PPI therapy and the recurrence of MI
has disappeared suggesting that the appearance of recurrent MI
is a result of a residual confounding (Valkhoff et al., 2011).

Based on the ACCF/ACG/AHA 2010 Expert Consensus
Document (Abraham et al., 2010) to reduce the risk of GI
bleeding, PPIs are recommended among patients with history of
upper GI bleeding or with multiple risk factors (e.g., advanced
age, concomitant use of warfarin, steroid or NSAIDs, or H.
pylori infection) for GI bleeding who require antiplatelet therapy.
Patients with acute coronary syndrome and prior upper GI
bleeding are at substantial CV risk, so dual antiplatelet therapy
with concomitant use of a PPI may provide the optimal
balance of risk and benefit. The risk reduction achieved by
concomitant PPIs might outweigh any potential reduction in
the CV efficacy of antiplatelet treatment because of a drug-
drug interaction. Routine use of acid suppressant drugs is not
recommended for patients at lower risk of upper GI bleeding,
who have much less potential to benefit from prophylactic
therapy. Clinical decisions regarding concomitant use of PPIs
and thienopyridines must be based on whether the potential
for benefit outweighs the potential for harm, considering both
CV and GI complications. Furthermore, according to the
European Cardiology Society’s 2017 guideline (Ibanez et al.,
2018) for the management of acute myocardial infarction
in patients presenting with ST-segment elevation a PPI in
combination with dual antiplatelet therapy is recommended
(I/B recommendation) in patients at high risk of GI bleeding.
Based on the recent European Society of Cardiology/European
Association for Cardio-Thoracic Surgery guidelines (Neumann
et al., 2018) on myocardial revascularization every effort should
be undertaken such as routine use of PPIs to avoid bleeding in
patients after percutaneous coronary intervention requiring oral
anticoagulation and dual antiplatelet therapy. These statements
have been supported by several studies which showed that the risk
of upper GI bleeding can be reduced in patients with clopigodrel
by concomitant PPI treatment. The occurrence of GI bleeding
were 0.2-1.2% (Bhatt et al., 2010), 0-2% (Chitose et al., 2012),
0.4-1.8% (Mo et al., 2015) in the PPI vs. non-PPI groups,
respectively.

In this meta-analysis, our aim was to focus on this discrepancy
and to find a possible resolution. Our combined data from all
of the studies involved showed that the presence of MACE and
MI is significantly higher in the PPI plus clopidogrel patient
population, a finding which is consistent with results from
previous observational studies (Ho et al., 2009; Juurlink et al.,
2009; Charlot et al., 2010; Gupta et al., 2010; Hudzik et al.,
2010; van Boxel et al., 2010). However, in reducing the degree
of heterogeneity by creating subgroups based on study design,
we also found that this previously experienced risk elevation

and heterogeneity will disappear as in other studies (Kwok and
Loke, 2010). This result is similar to those of previous meta-
analyses, where a higher CV risk was found among observational
studies without any difference between the clopidogrel plus PPI
group and the no PPI group in RCTs (Chen et al, 2012). In
previous meta-analyses by Mo et al. (2015) and Chen et al. (2013),
data only collected from RCTs showed no correlation between
simultaneous clopidogrel and PPI therapy and elevated CV risk.
An examination of the results, heterogeneity and risk of bias
of the studies involved in our meta-analysis points to the low
quality of observational studies, whose results are opposite to
those of RCT studies, all proving an acceptance of results from
RCT studies showing no enhancement of CV risks due to PPIs.

Although our meta-analysis has shown that there is no
association between CV risk elevation and PPI usage, our analysis
might have limitations. One is that in the 22 studies included,
the population had previously had CV diseases, had already
undergone percutaneous coronary intervention, or had received
dual antiplatelet therapy, meaning that the population under
examination may have had severe conditions. In this meta-
analysis, we did not analyze the effect of these or other co-
morbidities nor evaluate their conditions, but it is possible that
the harmful effect of PPIs may be different in patients who need
primary or secondary CV prevention. Although we performed
secondary analyses on adjusted events, the conclusions drawn
from these analyses are limited, because of the insufficient
availability of these values across all studies, which were all
observational ones, and the applied covariates were different
among them. The studies published and available in the databases
provided poor descriptions of other risk factors (such as co-
morbidities, co-medications, smoking, obesity etc.), preventing
us from providing a summary or conclusion in that regard. The
other limitation of our study is the substantial heterogeneity
among the studies, which may stem from several factors, such
as differences in study design. In observational studies or
in post-hoc analyses of RCTs, the groups were not allocated
randomly. It was usually the physicians’ decision, so this most
likely led to a distortion of the results. Therefore, risk of bias
within studies should be highlighted, as well. Though the open-
label design might have a less prominent effect on hard CV
outcomes, lack of blinding should be mentioned, even in RCTs.
In addition, incomplete follow-up and not carefully applied
objective evaluation of ascertainment of drug exposures may
impose additional risk of bias. Bias is inherent in observational
studies, the subgroup analysis of RCTs and observational studies
yielding discrepant results support this statement. And there is a
problem with the definition of MACE, which is not standard in
the literature, although it is most often used to express the CV
risk of PPIs plus clopidogrel.

Our aim was to draw conclusion from data for a large patient
population; we therefore included as many observational studies
as the inclusion criteria permitted despite their limitations.
Patients were selected from various ethnic groups; they thus
represent the world population. With a few years having passed
since previous meta-analyses were published on the subject (the
last study in these meta-analyses having been published in 2014)
(Mo et al.,, 2015; Sherwood et al., 2015; Serbin et al., 2016), and
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with new studies having been carried out since then, we were
prompted to perform this systematic search and meta-analysis to
re-evaluate the risks.

CONCLUSION

Our meta-analysis has shown that there is no definitive evidence
for any significant association between CV risk elevation and PPI
in patients on clopidogrel treatment, based on RCTs. Thus, no
definitive evidence exists for an effect on mortality. From this
point of view, the previous FDA guidance to use favorable or
non-favorable drug combinations does not seem to be relevant
by now based on both previous trials (e.g., COGENT, TRITON-
TIMI) and our own analyses. However, taking into account
the bias, this meta-analysis should be interpreted with caution,
and conducting further RCTs would be beneficial. Because PPI
induced risk reduction clearly outweighs the possible adverse CV
risk in patients with a high risk of GI bleeding, a combination of
clopidogrel with PPI should be recommended.
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