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Abstract

Background The coronavirus disease (COVID-19) pandemic still happening and when it’s going to be resolved
is not known. In this COVID-19 era, physicians need to better understand the risk and purpose of giving drugs
that patients do not need. Proton pump inhibitors (PPl) are sometimes easily prescribed and misused by
physicians. The study objective is to find out whether PPI use is associated with better or worse outcomes in
patients with COVID-19.

Method We searched retrospective studies in various publication libraries like PubMed, Embase, and CENTRAL
from 2020 to 2022. Inclusion criteria were studied which differentiated patients with COVID-19 who regularly
used PPl and control which is COVID-19 patients who did not use PPI. That study also needs to report the
outcomes. The outcome was then divided into two categories which are good outcomes and worse outcomes
consisting of severe COVID-19 needing oxygen therapy, admission to intensive care unit (ICU), acute
respiratory distress syndrome (ARDS), shock or mortality, to get each study and total odd ratio (OR), 95%
confidence interval, and weight. Studies that did not report the outcomes were excluded. We also analyze
the data using a fixed or random effect model accordingly and asses the possibility of publication bias using
Egger’s test.

Case Seven of 11 studies with more than 30.000 COVID-19 patients were analyzed in this study. These
patients were divided into 2 groups: patients with COVID-19 who were using PPl up to 30 days before being
infected and COVID-19 patients who didn’t use PPl before. The total nhumber of patients in the first group is
3531 patients and the second group is 38138 patients. After statistical analysis, we found that the data is
heterogenous with p <0,05, 12 94,22% (95%Cl 90,44-96,51%) suggesting the OR needs to be determined in the
random effect model. We found that pooled OR is 1.99 (p 0.01, 95% CI, 1.18-3.38). Egger’s test for the
possibility of publication bias is 0,64 (95%Cl -7,24-4,93).

Conclusion COVID-19 patients who use PPl are twice as likely to have a worse outcome than COVID-19
patients who don’t use PPI. This study is statistically significant with a low possibility of publication bias.
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most prescribed drugs in the world. PPI is
commonly  prescribed for patients  with
gastrointestinal symptoms like nausea, vomiting
epigastric pain, and other acid-related disease.

Introduction
The coronavirus disease 2019 (COVID-19)

pandemic has destroyed healthcare systems where
hospitals are overloaded with COVID-19 patients
and mortality all over the world. COVID-19 is a
highly contagious disease with symptoms varying
from fever, nausea, and vomiting to abdominal
pain.' Some cases of COVID-19 progress to severe
conditions with poor prognosis, whereas other
cases are mild and often asymptomatic.” Risk
factors for COVID-19 progression to severe
conditions are still poorly understood.

Proton pump inhibitors (PPI) are one of the

Research conducted on the population of Lebanon
found that 71.4% of the population overused PPIs
(59.2% overused the indication, 22.1% overused
the duration, and 18.7% overused the dosage).
Proton pump inhibitors (PPIs) attach permanently
to the parietal cell's H+/K+ ATPase active site to
prevent the generation of gastric acid. PPIs have
been connected to several conditions, including gut
dysbiosis, a higher risk of GI infections,
community-acquired pneumonia, and a higher
death rate from chronic renal disease or
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cardiovascular disease. PPIs increase stomach pH,
which may help spread SARS-CoV-2, but bacterial
pneumonia or other GI-derived illnesses can make
COVID-19 more difficult to treat -clinically.
Recently, a study reported that PPI use is
associated with COVID-19 patients having more
severe disease than those who never use PPL*
Similar studies also reported that PPI use is
associated with poor outcomes in COVID-19
patients.’

This study aims to find out whether PPI users
have worse outcomes than those who didn’t. We
hypothesized that PPI is associated with worse
clinical outcomes in COVID-19 patients. To prove
our hypothesis, we use systematic review and meta
-analysis as tools for confirmation.

Methods

Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and Meta-
analysis of Observational Studies in Epidemiology
(MOOSE) checklist were used as guidelines for
conducting this systematic review and meta-
analysis.*

Literature search strategy

An extensive search was conducted on
publication libraries such as PubMed, Embase, and
Cochrane library using keywords “proton pump
inhibitor”, “PPI’, “omeprazole”, “pantoprazole”,
“lansoprazole”, “esomeprazole”, “rabeprazole”,
“COVID-19”, “coronavirus disease 2019”7, and
“outcome” from earliest of 2020 to the latest 2021.
Retrospective cohort and case-control study are
sources of data in this meta-analysis because to this
date there is no randomized clinical trial that
assessed the risk of PPI use in COVID-19 patients.
There are no language preferences in our search.

Study selection and eligibility criteria

Two authors (IMWW, and SLD) evaluated
the search results to find out whether the articles
were eligible to be included in the meta-analysis.
Any disagreement about the articles is discussed
between these two authors and resolved by either
including or excluding the articles in the meta-
analysis. Inclusion criteria that required to be
fulfilled: (1) retrospective study either cohort, cross
-sectional or case-control, (2) COVID-19 patients
with current or history of PPI use, COVID-19
patients that did not use PPI is used as control
group, (3) reported outcome of the COVID-19
patients which then group into 2 categories, worse
or better clinical outcome. Studies that met these
criteria are excluded: (1) case report, case series, or
review article, (2) did not have information about
the non-PPI user to be used as control group, or
only have COVID-19 patients with current or
history of PPI use, (3) did not report the outcome of
the COVID-19 patients, and (4) did not have
sufficient data to be analyzed in meta-analysis.

Data extraction and quality assessment

All studies that met the inclusion criteria were
extracted to acquire needed data in meta-analysis.
Data that were extracted were the last name of the
first author, year of publication, location of the
study, design of the study, period of the study, total
participants for case and control, and clinical
outcome of each group. Data was collected in an
SPSS sheet to make analysis easier. Problems
found in this process were assessed accordingly by
both authors.

Newcastle-Ottawa  Scale (NOS)  which
consists of selection, comparability, and outcome
categories were used to evaluate the quality of each
study.® NOS was a tool used to assess the quality of
non-randomized studies like cohort or case-control
in a systematic review and/or meta-analysis. NOS
used stars as a scoring system where the total score
of seven or more stars is considered a high-quality
study.

Statistical analysis

Statistical analysis was evaluated after we
concluded whether the study was heterogeneous or
homogenous. The heterogeneity of the study was
assessed according to the Cochrane review by I
and p-value. The study considered heterogenous if
I> > 50% or p-value < 0.1 among studies. The
heterogeneity test was calculated using Review
Manager 5.3 software. The fixed effect model or
random effect model was chosen according to the
heterogeneity of this study, as it’s going to impact
the weight of each study. Statistical analysis was
also done using the same software with a weighted
odd ratio (OR) and 95% confidence interval (95%
CI) as a result. In this meta-analysis, all p values
were 2-tailed with a value < 0.05 considered as
statistically significant.

The forest plot of each comparison will be
reported which also includes pooled OR and its
95%CI. Publication bias was evaluated using
MedCalc software. Egger’s test was chosen as the
tool to assess the risk of publication bias. In this
study, a p-value of Egger’s test < 0.05 is considered
a high probability of publication bias.

Results and Discussion

Study characteristics

This meta-analysis includes 7 studies, which
consist of 1 case-control, 1 cross-sectional and 5
cohort *** 12 nitially, we tried to find a
randomized clinical trial (RCT) to be included in
this meta-analysis but we were unable to find any
study. A flow diagram of the study selection
process for meta-analysis is shown below (figure
1). We identified 97 potential studies from
searching online publication libraries. Upon
examination, we found 40 studies were duplicated
and 36 studies were removed by the automation
tool leaving only 21 studies. This study was then
screened and sought for retrieval for eligibility. At
the end of the selection, only 7 studies were
included in the meta-analysis. Studies included in
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the meta-analysis are summarized in Table 1.
PPI versus no PPI in COVID-19 patients

The total number of COVID-19 cases in this
meta-analysis was 41,669 patients which were
divided into two groups, COVID-19 cases that
received PPI were 3,531 patients and COVID-19
cases that didn’t receive PPI (no PPI) 38,138
patients. The definition of PPI used in this meta-

analysis was different in each study. One study did
not state the definition of PPI use. In contrast, other
studies varied from active PPI use at home by the
time of admission, PPI use at hospitalization, PPI
prescribed up to 1 year before admission, and
prescription of PPI up to 3 times in 2 years. As
definition of no PPI also varied by each study, from
never really using PPI to less than three
prescriptions in 2 years.

Records identified from electronic
database
Cochrane library (n=11)
PubMed (n = 81)
Embase (n=5)

Records removed before screening:
* Duplicate records removed (n = 40)
« Records marked as ineligible by
automation tools (n = 36)

Records screened (n = 21)

Reports sought for retrieval (n = 21)

P—— Reports not retrieved (n = 10)

Reports assessed for eligibility (n=11)

Reports excluded (n = 4):
p—) | o Unable to retrieved full text (n=1)
¢ Data did not avaible (n = 3)

Studies included in meta-analysis (n = 7)

Figure 1. Flow diagram of study selection for the meta-analysis

In this meta-analysis, the clinical outcome
that was reported by each study was grouped into
worse and better outcomes. The worse outcome
was admission to the intensive care unit (ICU),
progression to acute respiratory distress syndrome
(ARDS), and death. The better outcome was the

opposite of the worse outcome. Worse outcomes
and total events in each study group were inputted
in review manager 5.3 to acquire the information of
OR with 95%CI, to determine whether PPI would
decrease or increase the odds of COVID-19
patients having worse outcomes.

Table 1. Included study general characteristic

References Country Period (2020) Design Participants
Luxenburger et al. (2021) Germany Not described Cohort 62/90
Ullah et al. (2020) UK Feb 12 - Jun 12 Cross-sectional 91/62
Ramachandran et al. (2020) USA Mar 1 - Apr 15 Cohort 46/249
Lee et al. (2020) South Korea Jan 1 - May 15 Cohort 267/267
Argenziano et al. (2020) USA Mar 1 - Apr 5 Cohort 163/837
Zhou et al. (2020) China Jan 1 - Aug 22 Cohort 524/2620
McKeigue et al (2020) UK Jun 6 - 14 Case-control 2378/34013

A forest plot was generated after putting data
into Review Manager 5.3. Test of heterogeneity
results are I* = 94% and p < 0.01 which means this
meta-analysis is heterogenous and a random effect

model needs to be used to get the correct weighted
OR for each study. Pooled OR also needs to be
reported according to the random effect model.
Two studies showed that there is no difference
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between PPI and no PPI group in terms of worse
outcomes. That was a study from Ullah et al. with
OR 1.33 (95% CI, 0.66-2.66), and Argenziano et
al. with OR 0.98 (95% CI, 0.66-1.46). Both
studies’ 95% CI crossed the line of no difference in
the OR study according to the Mantel-Haenszel
method. The rest of these studies consistently show
that no PPI decrease the risk of having a worse

outcome in COVID-19 patients. Pooled OR for risk
of worse outcome result is 1.99 (p 0.01, 95% CI,
1.18-3.38), which means no PPI decrease the risk
of worse outcome by 99% than COVID-19 patients
that use PPL. This also means that COVID-19
patients who use PPI had an increased risk of worse
outcomes twofold.

PPI No PPI Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Luxenburger 2021 17 62 " 90 11.7% 271117, 6.30] e
Ullah 2020 32 91 18 62 12.9% 1.33 [0.66, 2.66] e
Ramachandran 2020 18 46 55 249 13.2% 227117, 4.400 —_—
Lee 2020 49 267 32 267 146% 1.65[1.02, 2.67] ——
Argenziano 2020 38 163 198 837 152% 0.98 [0.66, 1.486] -
Zhou 2020 151 524 173 2620 16.0% 573([4.49 7.31] —-
Mckeigue 2020 1177 2378 12805 34013 16.5% 1.62[1.49,1.76] -
Total (95% CI) 3531 38138 100.0% 1.99 [1.18, 3.38] e
Total events 1482 13292
Heterogeneity: Tau®= 0.44; Chi*= 103.87, df= 6 (P < 0.00001); F= 94% i t 1 } y

. 0.05 0.2 4] 20
Test for overall effect Z= 2.56 (P = 0.01) PRI No PP

Figure 2. Forest plot of comparison between PPI vs no PPI in COVID-19 Patients

Publication bias

This meta-analysis produced an asymmetric
funnel plot. These could be explained by the
heterogeneous origin of this study, not because of
publication bias. Egger’s test confirmed that this
meta-analysis did not have significant publication
bias with p 0.64.

Discussion

PPI use has been known to be associated with
an increased risk of getting pneumonia.'"* The
pathophysiology, however, is still not well
established yet."> Several mechanisms that were
proposed included impaired immune system and
increased alkalinity of the stomach. PPI impairs
immune cells like natural killer cells, T cytotoxic,
and neutrophils, that responsible for keeping
bacterial activity under control in the respiratory
tract.'® PPI suppressed acid production in the
stomach causing hypochlorhydria and diminishing
the protective property of gastric acid.'”

Israelson et al.'s 2020 meta-analysis revealed
that PPI raised the chance of contracting COVID-
19.'" Pranta et al's 2021 update to this
investigation showed no conclusive link between
PPI use and COVID-19 vulnerability.” The
assumption that using PPIs is linked to a
marginally higher risk of contracting COVID-19 is
supported by the current meta-analysis. In this meta
-analysis, we found that PPI use is associated with
an increase in the risk of worse outcomes in
COVID-19 patients. Hariyanto et al. reported that
the use of PPI in COVID-19 patients enhanced the
risk of more severe illness and mortality, with a
pooled risk ratio (RR) of 1.72 (p 0.04, 95% CI,
1.02-2.89) and 1.35 (p 0.003, 95% CI, 1.11-1.63)
respectively.*’

Regarding the relationship between PPIs and

COVID-19 outcomes, recent research has shown
contradictory findings. The Korean Nationwide
Cohort Study, which Lee et al. performed with a
sample size of 234,427 patients, was one of the
earliest and largest studies investigating the
connection. The use of PPIs raised the chance of
severe COVID-19 infection but did not increase
susceptibility to SARSCo-2 infection, according to
the study's overall findings.”' These results are not
to be taken at face value. Several things need to be
considered in this meta-analysis. First is the design
of each study that was included, which was
retrospective with each complexity level. COVID-
19 patients in each study have different severity,
comorbidity, polypharmacy, and background. This
heterogenous nature needs to be interpreted
cautiously. Adjustments are also being made in
each study, which going to impact the result.

Limitations

There are several limitations in this meta-
analysis. This meta-analysis needs to be interpreted
cautiously because of the heterogeneity of the
studies. The heterogeneity in the data can be
attributed to a variety of methodological
differences, including the degree of COVID-19
infection, the population's age and gender, the
severity of the infection, and the wide range of
comorbidities. The lack of RCT study also has to
be taken into consideration.

Conclusion

PPI use is associated with an increased risk of
worse outcomes in COVID-19 patients. However,
to confirm our result several RCTs addressed
specifically to these problems need to be done. For
now, physicians need to prescribe PPI with clear
indications to decrease the risk of worse outcomes
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in COVID-19 patients.
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