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Proton pump inhibitor use is associated with increased 

risk of severity and mortality from coronavirus disease 

2019 (COVID-19) infection 
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ear Editor, 

World Health Organization (WHO) first declared coronavirus 

isease 2019 (COVID-19) as a pandemic in March 2020, and now, 

ix months after that, the number of positive and death cases 

re still increasing. This global pandemic has caused a significant 

mpact on health, social, and economic aspects around the world. 

hus, identification of the risk factors that contribute to the 

evelopment of severe infections is important to enabling risk 

tratification, optimizing the hospital resources reallocation, and 

uiding public health recommendations and interventions. Several 

edications have been demonstrated to be associated with a 

eduction in poor outcomes from COVID-19 such as anticoagulant 

nd metformin, while other medications did not alter outcomes of 

OVID-19 infections such as ACE inhibitors, angiotensin II receptor 

locker (ARB), and statin [1-3] . During normal times, proton pump 

nhibitors (PPIs) are among the drugs which are most commonly 

sed by patients because of their efficacy in relieving dyspepsia 

nd GERD symptoms, also because of their relatively affordable 

rice [4] . In a previous meta-analysis study, it has been shown that 

he use of proton pump inhibitors (PPIs) may increase the risk of 

neumonia even though the heterogeneity of the study is high [5] . 

nfortunately, until now, the evidence regarding the link between 

he use of PPI and COVID-19 outcomes is still conflicting. This 

rticle aims to give better evidence for the association between 

PI usage and in-hospital outcomes (severity and mortality) of 

OVID-19 infection. 

A search of the literature was conducted on Google scholar us- 

ng the keywords “proton pump inhibitors” OR “PPI” OR “clinical 

haracteristics” OR “medications” OR “risk factors” AND “coron- 

virus disease 2019” OR “COVID-19”, between 2019 and present 

ime (September 10th, 2020) with language restricted to English 

nly. The title, abstract, and full text of all articles identified that 

atched the search criteria were assessed, and those reporting the 

ate of PPI usage in COVID-19 patients with a clinically validated 

efinition of “severe disease” and “mortality” were included in this 

eta-analysis. The references of all identified studies were also an- 

lyzed (forward and backward citation tracking) to identify other 

otentially eligible articles. 

A meta-analysis was performed using Review Manager 5.4 

Cochrane Collaboration) software. Dichotomous variables were 

alculated using the Mantel-Haenszel formula with random-effects 

odels. The heterogeneity was assessed by using the I 2 statistic 

ith a value of < 25%, 26–50%, and > 50% were considered as 

ow, moderate, and high degrees of heterogeneity, respectively. The 

ffect estimate was reported as risk ratio (RR) along with its 95% 
ttps://doi.org/10.1016/j.dld.2020.10.001 

590-8658/© 2020 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All 
onfidence intervals (CIs) for dichotomous variables, respectively. 

 -value was two-tailed, and the statistical significance was set at 

0.05. 

A total of 7300 records were obtained through systematic elec- 

ronic searches and other ways. After screening titles, abstracts, 

nd full texts, 6 studies [6-11] with a total of 5884 COVID-19 pa- 

ients were included in the meta-analysis ( Table 1 ). The individual 

nd pooled RRs for the associations between the use of PPI and se- 

ere outcome of COVID-19 is shown in Fig. 1 A, while the individual 

nd pooled RRs for the association between PPI usage and mortal- 

ty from COVID-19 is shown in Fig. 1 B. Our pooled analysis showed 

hat PPI usage is significantly associated with an increased risk of 

evere COVID-19 [RR 1.35 (95% CI 1.11–1.63), p = 0.003, I 2 = 45%, 

andom-effect modeling] and mortality from COVID-19 infection 

RR 1.72 (95% CI 1.02–2.89), p = 0.04, I 2 = 66%, random-effect 

odeling]. 

Based on our pooled analysis of available data, the use of 

roton pump inhibitors (PPIs) seems to be associated with an 

nhanced risk of severity and mortality from COVID-19 infection. 

everal reasons can be proposed to explain this result. First, PPI 

xerts its effects by inhibiting the proton pump which results 

n the suppression of gastric acid production [12] . This profound 

ypochlorhydria can diminish the protective effect of gastric acid. 

s we know, the ACE2 receptor is also expressed in the mucosa 

f the gastrointestinal (GI) tract and the fecal-oral route has been 

aised as one of the potential modes of transmission for COVID-19. 

herefore, suppression of gastric acid may increase the survival of 

ARS-CoV-2 in the stomach and increase the ability of the virus 

o invade the GI epithelial cells. This condition can increase the 

iral load which in turn results in a higher chance of developing 

ytokine storm and severe outcome of the disease [13] . Moreover, 

he profound hypochlorhydria condition can also cause an increase 

n gastric microbiota and small intestinal bacterial overgrowth. The 

esulting dysbiosis conditions might increase the likelihood of de- 

eloping enteric infections and sepsis which could complicate the 

isease. Not only that, when micro-aspiration happened, the bac- 

eria will also then colonize in the lung and develop the secondary 

nfection. The secondary infection may increase the likelihood of 

eveloping Acute Respiratory Distress Syndrome (ARDS) and se- 

ere outcome of the disease which may increase the mortality rate 

rom COVID-19 [14] . Besides hypochlorhydria, PPI can also cause 

everal serious adverse events such as gastric tumors, cardiovas- 

ular disease, and nephrotoxicity. PPI can inhibit the enzymatic 

ctivity of dimethylarginine dimethylaminohydrolase (DDAH) 

hich will inhibit the nitric oxide synthase with the promotion 

f inflammation and thrombosis, resulting in the development of 

he cardiovascular disease. The idiosyncratic effect of PPIs on the 

idneys will also lead to recurrent acute interstitial nephritis, a 

umoral- and cell-mediated hypersensitivity reaction which results 

n inflammation of the renal interstitium and tubules. All of these 
rights reserved. 
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Table 1 

Characteristics of included studies. 

Study Sample size Design Outcome Age (years) PPI use n (%) Non-PPI use n (%) 

Argenziano et al. [6] 1000 Retrospective cohort Severity 62.6 ± 18.5 163 (16.3%) 837 (83.7%) 

Lee et al. [7] 534 Retrospective cohort Severity and Mortality 48 ± 19.7 267 (50%) 267 (50%) 

Luxenburger et al. [8] 152 Retrospective cohort Severity and Mortality 65 ± 17 62 (40.7%) 90 (59.3%) 

McKeigue et al. [9] 36,391 Case-control Severity N/A 13,982 (38.4%) 22,409 (61.6%) 

Ramachandran et al. [10] 295 Retrospective cohort Severity and Mortality 66.9 ± 14.2 46 (15.5%) 249 (84.5%) 

Ullah et al. [11] 212 Retrospective cohort Mortality 67.1 ± 19.7 109 (51.4%) 103 (48.6%) 

Fig. 1. Forest plot that demonstrates the association of PPI use with severe COVID-19 disease (A) and mortality from COVID-19 (B). Events mean severe outcomes or mortality 

of the disease. 
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dverse events from PPI can also contribute to the development 

f severe outcome and mortality from COVID-19 infection [15 , 16] . 

inally, PPI can also modulate the immune response by inhibiting 

eutrophil function. Neutrophil plays a significant role in the 

nnate immune system which is the first-line defense of the body 

o fight infection. Inhibition of neutrophil function may impair the 

bility of the body to eradicate the infection and may increase the 

everity of infection, including COVID-19 infection [17] . 

The limitation of this study is that the presence of confound- 

ng factors such as patients’ age and comorbid conditions that can 

ffect the relationship between PPI use and in-hospital outcome 

rom COVID-19 should still be considered. Moreover, most of the 

ncluded studies did not mention the information about the type, 

ose, duration, frequency, and compliance for PPI use. The global 

R values of this meta-analysis were also lower than 2.0 which re- 

uces the clinical meaning of the association found. Finally, most 

f the included studies in this meta-analysis are retrospective co- 

ort design which has limited scientific strength and can only 

e used to establish an association, but not a causality between 

PI use and severity or mortality from COVID-19 [15 , 16] . However, 

ith this study, we hope that PPI usage can further be considered 

s an important factor in COVID-19 patients. 

Hence, patients should be more careful when using proton 

ump inhibitors and only use it if there is a prescription from the 

octors. Patients with a history of PPI use should take extra care 

o minimize the risk of infection from COVID-19. Physicians should 

e more cautious when prescribing proton pump inhibitors to pa- 

ients, especially patients with COVID-19, and may consider giving 

istamine-2 receptor antagonist (H2RA) or antacid instead of PPI 

or the symptoms of dyspepsia which is not severe. For other in- 

ications besides dyspepsia, physicians should weigh the potential 
1411 
isk and benefit in each patient when prescribing PPI and may seek 

lternative treatment. Physicians should also take close monitoring 

or patients with COVID-19 who have a history of PPI usage to pre- 

ent the development of severe outcome and mortality from the 

isease. Finally, the use of PPI should be regarded as an important 

actor in future risk stratification models for COVID-19. 
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