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Background The adverse effects of proton pump inhibitors (PPIs) on pneumo-
nia have been well reported. However, the relationship between the use of PPIs
and the adverse outcomes of coronavirus disease 2019 (COVID-19) is currently
inconclusive. In this study, we aimed to explore the relationship between the use
of PPIs and the in-hospital mortality among patients who were laboratory-con-
firmed SARS-CoV-2.

Methods Data was derived from 2 hospitals which both were the first batch of
SARS-CoV-2 specialist hospitals with four types of sensitivity analyses. This co-
hort included 4634 patients older than 18 years who were laboratory-confirmed
SARS-CoV-2. Endpoints were death in hospital (primary) and the recovery of
COVID-19 (secondary: the time of COVID-19 nucleic acid testing turning neg-
ative).

Results In the entire cohort, there were 3588 non-users, 399<0.5 defined daily
dose (DDD) PPIs users, 483 1 DDD users, and 164>1.5 DDD users. The mul-
tivariate logistic regression analysis (odds ratio (OR)=3.63, 95% confidence in-
terval (CI)=1.83-7.23, P=0.0002) and four types of sensitivity analyses showed
higher mortality in patients using PPIs during hospitalization, while the relation-
ship between different PPIs dosages and the hospital mortality remained insig-
nificant. Usage of the PPIs significantly prolongs the time of COVID-19 nucleic
acid testing turning negative.

Conclusions The use of PPIs may increase the risk of in-hospital death of pa-
tients who were laboratory-confirmed SARS-CoV-2, which means that physicians
may need to re-evaluate the benefit-risk assessment of the use of PPIs during the

COVID-19 pandemic.

The novel coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which has spread worldwide, has been reported first in December, 2019
[1]. By the end of September 14, the COVID-19 pandemic has caused more than 225
million people to be confirmed and more than 4 million people deaths [2]. In-hos-
pital mortality rates have varied widely among different nations and therapeutic reg-
imens, and adverse drug reactions are still being identified [3-6].

Proton pump inhibitors (PPIs) are the most potent inhibitors of gastric acid secre-
tion in the clinical use of drugs [7]. Like the significant effect in digestive diseases,
in 2015, PPIs were in the top 10 related drug expenditures in the USA [8]. Further-
more, PPIs become drugs of choice for stress ulcer prevention in critically ill pa-
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tients [9]. However, in 2014 an observational study of 35312 patients initiated by Allen et al. [10] reported
that PPIs were associated with a higher risk of gastrointestinal tract hemorrhage (odds ratio (OR)=2.24, 95%
confidence interval (CI)=1.81-2.76), pneumonia (OR=1.20, 95% CI=1.03-1.41), and Clostridium difficile
infection (OR=1.29,95% CI=1.04-1.64) than histamine-2 receptor antagonists. Moreover, a survey raised by
Sameer et al. [11], who invited 799 internists in the USA, shows that 70% of the respondents were somewhat/
very concerned about PPIs adverse effects (AEs).

As a novel severe infectious disease, COVID-19 pandemic was suggested that 5%-20% of patients develop a
critical illness characterized primarily by acute respiratory distress syndrome [12-15], which implies that the
prevention of stress ulcers is a question which doctors must face. As the first batch of COVID-19 pandemic
specialist hospitals, Huo Shen Shan Hospital and Guang Gu District of the Maternal and Child Health Hos-
pital of Hubei Province, Wuhan, China, collected previous first-hand data of the patients and effectiveness of
drug treatment. Here, we characterize PPIs’ usage, epidemiology, clinical course, and risk factors for in-hos-
pital mortality among a cohort of adults with COVID-19 admitted to that hospital as mentioned above during
the four months of the citys outbreak.
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METHODS

Data source

Data were obtained from the de-identified patient database of Huo Shen Shan Hospital and Guang Gu District
of the Maternal and Child Health Hospital of Hubei Province, Wuhan, China. This database provided data
of all individuals diagnosed with laboratory-confirmed COVID-19 pandemic and admitted by the hospital as
mentioned above (n=4804). The China Government provided free medical care for all patients with COVID-19
during the pandemic. Therefore, the acquired information including personal information, medication admin-
istration records, nursing records, laboratory results, admitting diagnosis, and discharge diagnosis. All records
we use for this research were anonymized to ensure confidentiality.

Ethical considerations
All patients of this 2
hospitals This study was conducted by the amended Decla-

e ration of Helsinki. Ethical approval was granted by
Patier\l“?;lsy the Ethical Committee of Huo Shen Shan Hospi-

tal (HSSLLO30) and Naval Medical University. Due
to the emergency and risk of contagion, written in-
formed consent was not required.

Study population

Patients 2 18 y with
d‘a€"°;‘5_ if7c:7vm—19 The date of each patient admitted to the hospital was
EatlEntsanly witaistar B defined as the entry date of the cohort. Among the

order of PPIs total of 4 804 patients who confirmed COVID-19,
=i patients were excluded if they were younger than

18 years old (n=17) or they just had a stat order
of PPIs (n=153). The final sample which confirmed
COVID-19 comprised 4 634 individuals, of whom

Patients with a standing {Patients without any order 399 have a standing order of <0.5 defined daily dose

order of PPls of PPIs (DDD) PPIs, 483 have a standing order of <1 defined
v=ier N=3 586 daily dose (DDD) PPIs, and 164 have a standing order

of >1.5 defined daily dose (DDD) PPIs. (Figure 1).

The laboratory confirmation of SARS-CoV-2 infec-
tion was defined as twice positive result consecutive-
ly of real-time reverse transcriptase PCR assay of na-

sal and pharyngeal swabs, which will take the third
Patients with a standing Patients with a standing [Patients with a standing test 1f the SeCOnd test is nega[ive. The pa‘[ient’s med_

order of < 0.5 DDD order of 1 DDD order of > 1.5 DDD X .
N =399 N =483 N =164 ical insurance types were taken from the home page

of the medical records. The breathing rate, admission
Figure 1. Flow diagram of target population. temperature, admission systolic blood pressure, ad-
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mission diastolic blood pressure, and pulse rate were collected from the nursing records. The laboratory test
results, past medical history, diagnosis, and medication use were all confirmed by medical records systems.

Exposure

We identified all PPIs (omeprazole, rabeprazole, lansoprazole) prescribed by standing order during hospital-
ization. Defined daily dose (DDD) was used as the unit for measuring a prescribed amount of drug. Based on
the ratio of the actual daily dose of the patient to the DDD, the following three groups of patients were dis-
tinguished for dosing: <0.5 DDD, 1 DDD, and >1.5 DDD. Non-users were defined as patients who had never
received stat order or standing order of PPIs during hospitalization.

Outcomes
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The primary outcome was in-hospital mortality, with additional secondary outcome of the time of COVID-19
nucleic acid testing turning negative which was tested daily.

Missing variables

Values were missing for <5% of individuals for most variables; however, type of medical insurance and serum
globulin were missing for 10.53% and 14.78% of patients (Table S1 in the Online Supplementary Docu-
ment), respectively. Missing data were imputed with medians or dominant category depending on whether
they were continuous or categorical information [16,17].

Statistical analysis

Univariate analysis of the comparisons between two groups was determined by Student’s ¢ test or Mann-Whit-
ney U test for normal distributed or non-normal distributed continuous variables, and Pearson Chi-Square test
or Mann-Whitney U test for unordered categorical variable or ordinal categorical variable. We constructed a
univariate logistic model for preliminary screening first. Then the variables from the univariate logistic regres-
sion that had a P-value less than 0.15 were used to constructed multivariate logistic regression analysis (Model
1) to identification of independent risk factors (stepwise, sls=0.10, sle=0.05).

Patient variables included in the analysis were age, sex, type of medical insurance, severity of illness, admission
temperature, admission systolic blood pressure, admission diastolic blood pressure, pulse rate, peripheral red
blood cell count, peripheral white blood cell count, absolute mononuclear leukocyte count, absolute neutro-
phil count, absolute lymphocyte count, absolute thrombocyte count, glutamic-pyruvic transaminase, glutam-
ic-oxalacetic transaminase, serum creatinine, serum albumin, serum globulin, total bilirubin (TBil), alkaline
phosphatase, admission oxyhemoglobin saturation, hypertension, diabetes, malignant tumor, stroke history,
chronic obstructive pulmonary disease (COPD), coronary heart disease history, digestive system disease, an-
tiviral treatment, antibiotic therapy, antifungal therapy, immunotherapy, hormonotherapy and transfer to in-
tensive care unit (ICU) (Table S2 in the Online Supplementary Document). Due to the small proportion of
patients with some indicators above or below the range of normal values, normal or abnormal is used as an
evaluation indicator.

Survival curve of COVID-19 nucleic acid testing turning negative time between the two groups using PPIs
and without PPIs was estimated with the Kaplan-Meier method and compared by log-rank test in the cohort
matching by propensity score matching (PSM). Univariate Cox regression analyses were carried out to estimate
the hazard ratio (HR) and 95% confidence interval (CI).

All tests were two-tailed, and P<0.05 was considered significant unless otherwise specified. Statistical analy-
sis was performed using SAS version 9.4 (SAS Institute Inc) and R version 4.0.4 (R Foundation for Statistical
Computing, Vienna, Austria).

Sensitivity analysis

Four sensitivity analyses were performed to assess the robustness of our findings. One multivariate logistic re-
gression analysis was constructed using the same variables as model 2, replacing the use of PPIs or not with
different doses of PPIs, in order to reduce the effects of PPIs doses.

For the sake of decreasing the effects of confounding and likelihood of selection bias, we performed secondary
analyses using propensity score matching (Model 3) and propensity score weighting (Model 4). The propen-
sity score was performed using a logistic regression model with adjustment for the same covariables as model
1 (Table S3 in the Online Supplementary Document).
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Propensity score matching (PSM) was performed using the ‘greedy nearest-neighbor’ algorithm and cal-
culated the predicted probability of users of PPIs vs non-users among all patients who were confirmed of
SARS-CoV-2 infection with 1:2 matching with a caliper distance of less than 0.05. Moreover, propensity
score weighting (PSW) was performed by the way of average treatment effect for the treated (ATT). After
weighting based on the IPTW method, all covariables are also included in the multi-variates model. Ad-
equacy matching and weighting for no significant imbalance of each baseline covariate were assessed by
standardized mean differences (SMDs) [18].

One multivariate logistic model (Model 5) was still constructed using the data without imputing the miss-
ing data as one way of sensitivity analysis.
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Patient and public involvement

Asmost patients are in critical condition, no patients were involved in designing or conducting the research.
Furthermore, due to the sudden outbreak of the epidemic, no patients were asked to provide advice on
analysis or dispose of the results. There are no plans to involve patients or the relevant patient community
in the dissemination of study findings at present.

RESULTS

Descriptive overview

Among the total of 4634 patients who were confirmed COVID-19, we identified 3588 without the use of
PPIs, 399<0.5 defined daily dose (DDD) PPIs users, 483 1 DDD PPIs users, and 164 >1.5 DDD PPIs users
administration in the whole unmatched cohort. The baseline characteristics of the entire cohort and two
groups of individuals are showed in Table S2 in the Online Supplementary Document, 2478 (53.47%) of
the individuals were aged between 41 and 65 years in the entire cohort, and 2222 (47.95%) were males.
Individuals using PPIs were likely to be older, with high rates of relevant medical history and abnormal
laboratory findings (Table S2 in the Online Supplementary Document).

In-hospital mortality risks for the use of PPIs in hospitalized patients

Overall, in-hospital mortality was 1.99%. There was significantly higher mortality (Table S2 in the Online
Supplementary Document) in patients using PPIs during hospitalization compared with patients with-
out use of PPIs (6.97% (73/1047) vs 0.53% (19/3604), P<0.0001), and the use of PPIs was associated with
an increased risk of death in multivariate logistic analysis (Table S3 in the Online Supplementary Docu-
ment, OR=3.63, 95% Cl=1.83-7.23, P=0.0002).

In the sensitivity analysis, model 2 (Table S3 in the Online Supplementary Document) shows that the risk
of mortality was significant in all 3 doses of PPIs, <0.5 DDD (OR=2.97, 95% Cl=1.18-7.51, P=0.0214), 1
DDD (OR=3.59,95% CI=1.70-7.59, P=0.0008), and >1.5 DDD (OR=4.95,95% Cl=1.96-12.47, P=0.0007).
However, there were no statistically significant differences in the mortality rates found between the three
groups of different PPIs dosage.

In these cohorts, individuals without the use of PPIs (n=3604) and those with use of PPIs (n=1047) were
matched equally in our propensity score matched cohorts (Table S4 in the Online Supplementary Doc-
ument) and 780 pairs were matched. No significant imbalances in the demographics and clinical charac-
teristics were observed when evaluated using SMD within groups in the propensity matched and weighted
cohorts (Table S4, Figure S1 and Figure S2 in the Online Supplementary Document; all SMD<0.10). More-
over, in the propensity score matched cohorts (Table S3 in the Online Supplementary Document, Mod-
el 3), there was significantly higher mortality in individuals using PPIs during hospitalization (OR=2.95,
95%=CI1.57-5.52, P=0.0008). As for the propensity score weighted cohorts (Table S3 in the Online Sup-
plementary Document, Model 4) which we used a double robust method to reduce bias, multivariate lo-
gistic analysis corroborates these results above (OR=2.97,95% Cl=1.63-5.42 P=0.0004). The multivariate
analysis of the data without missing data imputing (Table S5 in the Online Supplementary Document,
Model 5) obtained the same result (OR=6.35. 95% CI=2.61-15.43, P<0.0001) as above (Table S5 in the
Online Supplementary Document).
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Time of COVID-19 nucleic acid testing turning negative The time Of COVID'lg IlllClCiC aCid

100%

80%

40%

Turning negative event (probability)

testing turning negative risks for the
use of PPIs in hospitalized patients

The median time of the COVID-19 nucleic acid test-
ing turning negative of all the patients was 38 days
(interquartile range=26-47). In the PSM cohort,

the COVID-19 nucleic acid testing turning nega-
5 tive time (Figure 2) of patients using PPIs was sig-
6 nificantly longer than those without using PPIs (38

PPIs non-users 1560

PPls users 878

Usage ot e PP vs 37 days, log-rank P=0.0311) and the HR were
B s o
= o 0.91 95% C1=0.84-0.99).
R T N . T
Follow up time (days)
Number at risk
1512 1345 1084 653 334 140 47 7 2 0
851 773 606 417 219 93 23 1 0 0 DISCUSSION
0 10 20 30 40 50 60 70 80 90 100 . . .
Follow up time (d2ys) In this study, we investigated whether the use of PPIs

Usage of the PPIs

Figure 2. Kaplan-Meier estimates of the COVID-19 nucleic acid testing turn-

ing negative event.

increased the risk of in-hospital mortality among 4
634 patients who were confirmed COVID-19, as well
as whether there were longer the time of COVID-19
nucleic acid testing turning negative among all indi-
viduals. After the adjustment for covariates and four types of sensitivity analyses, we found that the use of PPIs
during hospitalization may increases the risk of in-hospital mortality and longer the time of COVID-19 nucleic
acid testing turning negative; however, there were no statistically significant differences in the mortality rates
between the two groups of different PPIs dosages.

Results explanation

Previous studies have confirmed that one of the target cells for infection of the SARS-CoV-2 were respiratory
epithelial cells [19]. In multiple studies, the ACE 2 of type 2 alveolar epithelial cells, which are also expressed
in intestinal cells, have been highlighted that may serve as a receptor for serve acute respiratory syndrome
coronavirus 1 [19-22], which means the gastrointestinal tract may serve as one of the entries [23]. The severe
clinical outcomes due to cytokine storm may be causing by the higher viral entry to cells because of the high-
er expression of ACE-2 [24,25].

Due to the high-level expression of ACE-2 caused by the use of PPIs, [26] patients who use PPIs during hos-
pitalization may suffer high viral loads, which may in turn cause lethal outcomes. Meanwhile, even in the re-
spiratory tract-related illnesses, individuals with the increase of gastric alkalinity caused by PPIs maybe lead
to a higher susceptibility for more virus colonization in the stomach, which may lead to the same result of
high mortality, too [27]. Monteleone et al. confirmed that patients undergoing anti-cytokine therapy, which
may have a protective effect against the cytokine storm, might reduce the risk of severe clinical outcomes of
COVID-19 [28]. In this respect, the enhancement to cytokine storm of the patients using PPIs may contribute
to poor outcomes of COVID-19. In the research conducted by Zhou et al. about the Middle East respirato-
ry syndrome coronavirus (MERS-CoV), the mice with PPIs treated suffer lethal outcomes, which suggest that
the human intestinal tract may be an alternative route for the Infection of MERS-CoV; this result supports our
finding between higher mortality in hospitalized and PPIs usage [29].

Previous studies reported that the use of PPIs might be more vulnerable to infectious complications such as the
development of ARDS [30]. Furthermore, a meta-analysis conducted by Hariyanto et al. shows that PPls usage
was significantly associated with the mortality during hospitalization (RR=1.72,95% CI=1.02-2.89) of the pa-
tients identified COVID-19 [31]. In this respect, the above studies all came to the same conclusion as we did.

Strengths and limitations

The strengths of our study may include the following points. First, although several studies have been con-
ducted to confirm that the use of PPIs may be associated with an increased risk of SARS-CoV-2 infection [27],
there are fewer studies on PPIs use during hospitalization and patient outcomes. We believe that our study
provided potential quantitative evidence about the association between the in-hospital mortality of the patients
suffer COVID-19 and PPIs use during hospitalization, which may provide reference for doctors to make clin-
ical decisions on the use of medicines.
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Followed, as most of the current studies on the relationship between PPIs and COVID-19 are based on demo-
graphic information, this study systematically analyzed the relationship between in-hospital mortality, the time
of COVID-19 nucleic acid testing turning negative, and PPIs by combining patient demographic information
and various clinical indicators, providing some support for future primary research.

Lastly, being the first batch of the COVID-19-specific hospitals in the world, doctors of these two hospitals did
not have an in-depth understanding of COVID-19 as a respiratory virulent infectious disease at the beginning
of their treatment, which means that their experience and related results also provide a reference for future
management of unexpected and unknown respiratory public health events.

However, our study has several limitations. First, due to the suddenness of the outbreak and the critical con-
dition of most of the patients, it was difficult to ask for and obtain information about some patients, such as
weight, height, chronic HIV infection, genetic polymorphisms, smoking, alcohol, and so on [1,32-35], How-
ever, our study took into account the more important influencing factors, such as the history of malignant tu-
mor, COPD, and so on, which provide a more comprehensive assessment of the patients.
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Second, as a clinically important indicator, length of stay (LOS) was not included in our study. Due to differ-
ent pressures on hospitals to accept new patients at different times, some patients being able to stay in hospi-
tal until they recover and are discharged, and some patients being transferred to other hospitals for follow-up
treatment, data provider believes that LOS may have had a limited role in this study. To fill this shortcoming,
we compared the time of COVID-19 nucleic acid testing turning negative between two groups.

Finally, our finding of COVID-19 in-hospital mortality and PPIs usage were based on the data from the first
batch of SARS-CoV-2 specialist hospitals, which means that the treatment options are not the same as the cur-
rent established treatment options, especially in the use of hormonotherapy. Although we use several methods
to balance this deficiency, it may still lead to bias in the estimation of the results.

In summary, though our study is rudimentary, it may offer a new way for exploring the pathogenesis and pro-
gression of COVID-19 and related diseases. Furthermore, we hope that more comprehensive studies will be
conducted in the future.

CONCLUSIONS

Notably, PPIs use in COVID-19 patients during hospitalization significantly increased in-hospital mortality,
and the time of COVID-19 nucleic acid testing turning negative. However, there was no statistically significant
difference in the risk of in-hospital mortality between the doses of PPIs. Given the recent massive global epi-
demic of COVID-19 and the widespread use of PPIs worldwide, there is an urgent need for health care pro-
fessionals to revisit the use of PPIs in patients with COVID-19. We hope that this study may contribute to the
treatment of patients with COVID-19 and the control of the global outbreak.
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