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The Impact of Proton Pump Inhibitor Therapy on Outcomes in COVID-19
Patients: A Retrospective, Multicenter Study

%bstract\

Background: Proton pump inhibitor (PPl)—coated prodrugs remain inactive until they enter
the alkaline atmosphere of the duodenum, where they are absorbed and transmitted to
parietal cells. This study aimed to evaluate the impact of PPl medication on patients with
coronavirus disease 2019 (COVID-19) and their outcomes.

Methods: This was a retrospective, multicenter study conducted at two regional hospitals in
Saudi Arabia. All confirmed COVID-19 patients between March 1 and August 15, 2020, were
included in the study. All statistical analyses were performed using SPSS (v.25.0; IBM Corp.,
Armonk, NY, USA).

Results: Out of 346 patients, 136 (39.3 %) were users of PPIs with standard care, and 210
(60.7%) standard care and the average age was 43.5 years. The mean hospital length of stay
in users of PPIs with standard care was 4.25 days. In contrast, the death cases of PPls with
standard care group were 3 cases out of 9 cases.

Conclusion: The impact of PPIs on COVID-19 patients is so far still a debate, and the discovery
of novel therapies for COVID-19 is paramount. However, it is important for scientists and
treating physicians to thoroughly identify the comorbidities of patients and other
treatments before PPl administration.
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1. Introduction

Proton pump inhibitors (PPls) play a significant role in the treatment of acid-related
disorders. They are coated prodrugs that remain inactive until they enter the alkaline
atmosphere of the duodenum, where they are absorbed and transmitted to parietal cells.
They bind and inhibit the H,K-ATPase irreversibly in parietal cells, resulting in a nearly 90%
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decrease in acid secretion in the cells [1]. The excessive suppression of gastric acid caused by
PPl administration increases the alkalinity of the stomach. It decreases the eradication of
ingested pathogens  with various  immunomodulatory  and anti-inflammatory
effects that contribute to the entry of the virus into the body’s immune system [2].

PPls are widely used in and out of healthcare institution settings because of their high
efficacy. They can be prescribed by a treating physician or obtained as over-the-counter
drugs. However, several studies have reported side effects associated with PPl use, such as
cardiovascular disease, acute kidney injury, chronic kidney disease, dementia, and
pneumonia [3,4].

The entry of enveloped viruses into host cells occurs via the fusion of viral envelopes with the
cell membrane. The endocytosed virions are activated in the acidic endosome to deliver
genomes into the cytosol or via exploitation of the host cell endocytic machinery, culminating
in the fusion of the viral and endosomal membranes and viral genome released into the
cytosol [5,6]. Severe acute respiratory syndrome coronavirus (SARS-CoV) enters cells via pH-
and receptor-dependent endocytosis, and the treatment of cells with SARS spike-bearing
pseudoviruses culminates in the translocation of angiotensin-converting enzyme 2 (ACE-2)
from the cell surface to endosomes [5]. The endosomal and lysosomal lumen pH is in the
range of 6.5-4.5 because of the membrane-traversed ATP-dependent proton pumps [7,8].
PPIs have been shown to be highly effective in inhibiting vacuolar-type ATPase (ATP-
dependent proton pumps) in vitro [9]. Since PPIs are activated by acid [10], these drugs
could be activated by the acidic environment of endosomes and thereby inhibit the activity of
ATP-dependent H+ pumps, ceasing the cleavage of coronavirus disease 2019 (COVID-19) S-
protein and fusion of viral envelope with the endosomal membrane. The release of the viral
genome into the host cell would then be arrested. Indeed, omeprazole has been reported to
escalate the in vitro activity of acyclovir against herpes simplex virus 1 and 2 [11].
Omeprazole (8 uM) has also been shown to enhance the efficacy of aprotinin (2.7-fold)
and remdesivir (10-fold) against SARS-CoV-2 [12].

The impact of PPIs on COVID-19 patients is so far still a debate. Recent studies have reported
that PPIs increase the risk for enteric infections, which is possibly related to PPIl-induced
hypochlorhydria [2,3,13]. Also, previous studies have reported that the use of PPIs likely
weakens the immune system and influences susceptibility to infections, leading to increased
risks of pneumonia [2,3]. Short-duration PPl administration has been linked with
worsening outcomes in COVID-19 patients, contrary to long-term PPl users [2,14].

In the search for COVID-19 treatments, many researcher-physicians focus on the entry mode
that allows the virus to infect human cells. ACE-2 provides the entry point of coronavirus to
enter human cells and infect a wide range of them [14]. The ACE-2 receptor is expressed in
various human organs. The higher expression of ACE-2 allows higher viral entry into cells. As a
result, viral loads may trigger pneumonia, possibly causing more severe illness because of
overreaction of the body’s immune system [2,14].



Most critically ill COVID-19 patients have been reported to have suffered multiple organ
failures, including acute lung injury, acute kidney injury, cardiac injury, pneumothorax, and
liver dysfunction [14,15]. Also, a high mortality rate due to various organ failures was
observed inthe participants who took PPIs [3]. Considering that individuals with
comorbidities such as cardiovascular disease, chronic kidney disease, pulmonary disease, and
diabetes and those immunocompromised are more susceptible to COVID-19, these
comorbidities have been observed to pose an increased risk of life-threatening side effects
with PPl use [3,4]. It has also been seen that secondary infections are strongly associated
with the development of acute respiratory distress syndrome (ARDS), indicating an indirect
negative impact of PPl treatment on the development of ARDS [16]. In line with these
findings, index mortality has also been found to be higher in patients with PPI treatment.

Therefore, administering PPls to COVID-19 patients might worsen their condition. However,
some studies that analyzed the effect of PPI treatment on the development of pneumonia
have shown conflicting results [16,17]. Moreover, some administered PPls had medically
desired COVID-19 outcomes [2,13]. In addition, another study reported that PPIs effectively
treated COVID-19 in a case—control study conducted on 179 elderly patients [18]. In contrast,
many studies have reported negative outcomes in COVID-19 patients who were administered
PPIs. Others have shown it to be an efficacious COVID-19 treatment. This study sought to
clarify these conflicting findings and aimed to evaluate the impact of PPI treatment on
COVID-19 patients and their outcomes among Saudi patients.

2. Materials and Methods
2.1. Study Design and Setting

This was a retrospective, multicenter study conducted at two regional hospitals in Riyadh
(King Fahad Medical City and Prince Mohammed bin Abdulaziz Hospital) and one in Medina
(Ohud  Hospital). A well-designed, structured checklist was wused to extract the
required information from the medical records of patients. All confirmed COVID-19 patients
between March 1 and August 15, 2020, were included in the study. This study was followed
by observational studies in epidemiology guidelines for cross-sectional studies [19].

2.2. Population

This study included male and female patients of all ages with laboratory-confirmed
COVID-19 infection who were admitted to the targeted hospitals during the study period and
received PPl medication added to standard care or standard care alone. All others not
meeting these criteria were excluded. The total number of patients initially included was
1495 patients both with and without chronic diseases, such as diabetes, hypertension, and
cardiovascular disease. Those with chronic conditions were excluded, and confounders were

examined for all the patients to remove the factors that might interfere in data analysis. The



confounders were per age, patients without chronic diseases, and patients whose outcomes
could not be tracked. After excluding these patients, the final number of patients was 346.

(Figure 1).

Hospitalized patients with COVID 19

between (March 1, to August 15, 2020)
(1495 patients)

Excluded patients due to
chronic illnesses
(1149 patients)

A 4

Total number of eligible patients

(346 patients)
PPIs with a standard of
Standard care alone
car? (210 patients)
(136 patients)

Figure 1: Scheme of eligible patients

2.3. Variable Definitions

The data gathered from the medical records of the patients consisted of demographic
information, including age, sex, history of any chronic conditions, signs and symptoms,
prescription medications, outcomes, and disease severity status. Severe clinical COVID-
19 outcomes were defined as admission to the intensive care unit, administration of invasive
ventilation, or death. Our outcome was determined in terms of whether the patient had
recovered or died. Disease severity was assessed in accordance with the Saudi Arabian
Ministry of Health (MOH) protocols.

While measuring disease severity, the same classification of the COVID-19 protocol by

the MOH (mild—moderate, severe, and critical) was followed [20]. A well-designed, structured



checklist was used to acquire and extract information from the medical records of the

patients.

2.4. Data Collection
The study coordinators included the medical staff from each center. These
coordinators were trained to collect data from the medical records of the patients and record

these data in a datasheet using a link.

2.5. Data Protection

The principal investigator created a specific data entry system with alink. The link
with a password was then shared only with the coinvestigators to provide them with full
access to review and enter data, but they were unable to modify any data. Simultaneously, all

the study coordinators had access to data entry, with no access to review or modify the data.

2.6. Statistical Analysis

All statistical analyses were performed using SPSS (v.25.0; IBM Corp., Armonk, NY,
USA). The demographic and clinical characteristics of the patients were reported as mean *
standard deviation or median (minimum and maximum) for continuous variables and counts
(percentage) for categorical variables. The Mann—Whitney U and chi-squared tests were

performed to appropriately determine the difference between treatment groups.

2.7. Ethical Considerations

This study was reviewed and approved by the Institutional Review Board of King
Fahad Medical City (No.: 20-478). Permission to conduct this study was obtained from the
MOH and hospital management. Informed consent was waived because data were collected

from the medical records.

3. Results

The study population included 1495 patients. Patients with chronic diseases were
excluded to neutralize the influencing factors of the effectiveness measurement of PPI
medication. Out of 346 patients who tested COVID-19 positive at the selected hospitals and
met the inclusion criteria, 273 (78.9%) were male and 73 (21.1%) female. The average age
was +43.5 years. There were 278 (80.4%) non-Saudi participants and 68 (19.7%) Saudi

participants. The majority of the participants—319 (92.2%)—exhibited symptoms of COVID-



19, whereas 27 (7.8%) did not have any symptoms. There were 135 (39.02%) participants
with abnormal X-ray results and 211 (61.0%) with normal x-ray results. Disease severity was
243 (70.23%) in the mild—-moderate category, 75 (21.7 %) in the severe category, and 28
(8.1%) in the critical category (Table 1).

A total of 136 (39.3%) participants were treated with PPls in addition to standard
care, and 210 (60.7%) were treated with standard care alone. The length of hospital stay in
the PPI group was shorter. However, the difference was not significant (p = 0.7; Table 2). In
terms of disease severity, the number of people in the PPl group was slightly lower compared

to standard care in the severe (p = 0.05) and critical categories (p = 0.685; Table 3).

4, Discussion

This is the first study in Saudi Arabia that clearly describes the impact of PPl use on COVID-19
patients. Other published studies in Saudi Arabia have either generally described the
treatment pattern of COVID-19 [21-23], assessed theimpact of hydroxychloroquine
compared to other treatment patterns on patient clinical outcomes [22], or evaluated the
severity of illness in COVID-19 patients [23].

Several observational studies have assessed the impact of PP| use on mortality among COVID-
19 patients [2,16,24-26]. The relative risk associated with higher mortality among PPl users
was 2.24 (95% confidence interval: 1.13-4.45) [16]. In this study, PPls have been shown to
have some beneficial effects in terms of reducing hospitalization, disease severity, and death
compared with standard care; however, the difference was not significant.

4.1. Implications for Policy and Practice

Several studies worldwide have reported a trend of overuse of PPIs [27-31]. A similar pattern
has been observed in Saudi Arabia [32,33]. The trend mainly involves prescribing higher
doses for an extended duration. Despite the efficacy of PPIs in managing various types of
gastric ulcers, their safety profile—especially with long-term use—is an emerging issue that
needs full assessment and timely intervention [34,35]. Furthermore, the acquisition cost of
PPls is substantial, and it continues to grow over time [36-38].

The effectiveness of PPl stewardship programs has been established in several studies [39-
41]. The role of pharmacists in these programs usually targets patients, physicians, and
policymakers. Patient education and counseling are important, as 50% of patients experience
suboptimal PPI effectiveness because of postprandial administration [42]. Physicians also
need to be aware of the indication, correct doses, and duration of PPIs. This can be achieved
by establishing hospital policy and procedures, such as mandatory medication reconciliation



upon admission and discharge counseling. This is important to either discuss the
discontinuation of PPIs or change to antacids if appropriate. Finally, policymakers should also
consider restricting PPl prescriptions to “gastroenterologists only” and establish some
regulations on dispensing PPIs in community pharmacies.

Generally, policymakers should invest in a healthcare system infrastructure that can
fully capture the long-term impact of PPIs. This would help future researchers to conduct
longitudinal studies using representative national data. The value of such a system extends
beyond research purposes, as having such a data source would help policymakers assess the
impact of PPl optimization intervention on patient outcomes and associated costs.

Given the uncertainty of the results, the use of PPIs in reducing hospitalization and disease
severity is not recommended. This is mainly informed by the nonsignificant difference
between the groups and the strong evidence around the negative impact of PPls on patient
outcomes [16].

4.1. Limitations

There are some limitations to this study. First, selection bias might have been
introduced into the study because of a lack of randomization. Second, the sample size was
relatively small. Therefore, statistical analyses could detect the potential impact of PPIs on
patient outcomes. In addition, it was not feasible to adjust for confounders at baseline;
therefore, the effect on outcomes cannot be directly attributed to PPl use. Finally,
prescribing and practice patterns vary considerably across different hospitals and practice

settings. This could ultimately impact the generalizability of the results.

5. Conclusions

The impact of PPIs on COVID-19 patients is so far still a debate. The discovery of novel
therapies for COVID-19 is of the utmost importance. Still, it is necessary for scientists and
treating physicians to thoroughly identify the comorbidities of patients and other treatments

before PPl administration.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this

research are commonly and predominantly use products in our area of research and



country. There is absolutely no conflict of interest between the authors and producers

of the products because we do not intend to use these products as an avenue for any

litigation but for the advancement of knowledge. Also, the research was not funded by

the producing company rather it was funded by personal efforts of the authors.

7. References

(1]
(2]

(3]

(4]
(5]
(6]
(7]

(8]

9]

[10]

[11]

[12]
[13]
[14]

[15]

J. M. Shin and G. Sachs, “Pharmacology of proton pump inhibitors,” Current Gastroenterology Reports.
2008, doi: 10.1007/s11894-008-0098-4.

S. W. Lee et al., “Severe clinical outcomes of COVID-19 associated with proton pump inhibitors: a
nationwide cohort study with propensity score matching,” Gut, 2020, doi: 10.1136/gutjnl-2020-322248.
Y. Xie, B. Bowe, Y. Yan, H. Xian, T. Li, and Z. Al-Aly, “Estimates of all cause mortality and cause specific
mortality associated with proton pump inhibitors among US veterans: Cohort study,” BMJ, 2019, doi:
10.1136/bm;j.11580.

C.S. Eom, C. Y. Jeon, J. W. Lim, E. G. Cho, S. M. Park, and K. S. Lee, “Use of acid-suppressive drugs and
risk of pneumonia: A systematic review and meta-analysis,” CMAJ, 2011, doi: 10.1503/cmaj.092129.

H. Wang et al., “SARS coronavirus entry into host cells through a novel clathrin- and caveolae-
independent endocytic pathway,” Cell Res., 2008, doi: 10.1038/cr.2008.15.

K. Stadler et al., “Amiodarone alters late endosomes and inhibits SARS coronavirus infection at a post-
endosomal level,” Am. J. Respir. Cell Mol. Biol., 2008, doi: 10.1165/rcmb.2007-02170C.

G. H. Diering and M. Numata, “Endosomal pH in neuronal signaling and synaptic transmission: Role of
Na+/H+ exchanger NHES,” Frontiers in Physiology. 2014, doi: 10.3389/fphys.2013.00412.

Y. B. Hu, E. B. Dammer, R. J. Ren, and G. Wang, “The endosomal-lysosomal system: From acidification
and cargo sorting to neurodegeneration,” Translational Neurodegeneration. 2015, doi: 10.1186/s40035-
015-0041-1.

E. P. Spugnini, G. Citro, and S. Fais, “Proton pump inhibitors as anti vacuolar-ATPases drugs: A novel
anticancer strategy,” Journal of Experimental and Clinical Cancer Research. 2010, doi: 10.1186/1756-
9966-29-44.

J. M. Shin and N. Kim, “Pharmacokinetics and pharmacodynamics of the proton pump inhibitors,”
Journal of Neurogastroenterology and Motility. 2013, doi: 10.5056/jnm.2013.19.1.25.

M. Michaelis, M. C. Kleinschmidt, D. Bojkova, H. F. Rabenau, M. N. Wass, and J. Cinatl, “Omeprazole
Increases the Efficacy of Acyclovir Against Herpes Simplex Virus Type 1 and 2,” Front. Microbiol., 2019,
doi: 10.3389/fmich.2019.02790.

D. Bojkova et al., “SARS-CoV-2 and SARS-CoV differ in their cell tropism and drug sensitivity profiles,”
bioRxiv, p. 2020.04.03.024257, Jan. 2020, doi: 10.1101/2020.04.03.024257.

C. V. Almario, W. D. Chey, and B. M. R. Spiegel, “Increased Risk of COVID-19 Among Users of Proton
Pump Inhibitors,” Am. J. Gastroenterol., 2020, doi: 10.14309/ajg.0000000000000798.

W. Ni et al., “Role of angiotensin-converting enzyme 2 (ACE2) in COVID-19,” Critical Care. 2020, doi:
10.1186/513054-020-03120-0.

P. Patel and N. Sengupta, “PPIs and Beyond: A Framework for Managing Anticoagulation-Related



[16]

[17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

[37]

Gastrointestinal Bleeding in the Era of COVID-19,” Dig. Dis. Sci., 2020, doi: 10.1007/s10620-020-06408-
X.

H. Luxenburger et al., “Treatment with proton pump inhibitors increases the risk of secondary infections
and ARDS in hospitalized patients with COVID-19: coincidence or underestimated risk factor?,” Journal
of Internal Medicine. 2020, doi: 10.1111/joim.13121.

A. A. Lambert, J. O. Lam, J. J. Paik, C. Ugarte-Gil, M. B. Drummond, and T. A. Crowell, “Risk of
community-acquired pneumonia with outpatient proton-pump inhibitor therapy: A systematic review
and meta-analysis,” PLoS One, 2015, doi: 10.1371/journal.pone.0128004.

E. Blanc, F.; Waechter, C.; Vogel, T.; Schorr, B.; Demuynck, C.; Martin-Hunyadi, C.; Meyer, M.; Mutelica,
D.; Bougaa, N.; Fafi-Kremer, S.; Calabrese, L.; Schmitt, E.; Imperiale, D.; Jehl, C.; Boussuge, A.; Suna, C,;
Weill, F.; Matzinger, A.; Muller, C.; Karc, “Interest of Proton Pump Inhibitors in Reducing the Occurrence
of COVID-19: A Case-Control Study,” Prepr. 2020, 2020, doi: doi: 10.20944/preprints202005.0016.v1.

E. von Elm, D. G. Altman, M. Egger, S. J. Pocock, P. C. Ggtzsche, and J. P. Vandenbroucke, “The
strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines
for reporting observational studies,” Int. J. Surg., 2014, doi: 10.1016/j.ijsu.2014.07.013.

Saudi Ministry of Health (MOH), “Saudi MoH Protocol for Adults Patients Suspected of/Confirmed with
COVID-19,” [Online]. Available: shorturl.at/sAC27.

M. Shabrawishi et al., “Clinical, radiological and therapeutic characteristics of patients with COVID-19 in
Saudi Arabia,” PLoS One, 2020, doi: 10.1371/journal.pone.0237130.

S. Almazrou, Z. Almalki, A. Alanazi, A. Algahtani, and S. alghamdi, “Comparing the impact of
Hydroxychloroquine based regimens and standard treatment on COVID-19 patient outcomes: A
retrospective cohort study,” Saudi Pharm. J., vol. October 20, 2020.

A. M. Algahtani et al., “Assessing the Severity of Iliness in Patients With Coronavirus Disease in Saudi
Arabia: A Retrospective Descriptive Cross-Sectional Study ,” Frontiers in Public Health , vol. 8. p. 775,
2020, [Online]. Available: https://www.frontiersin.org/article/10.3389/fpubh.2020.593256.

P. Ramachandran, A. Perisetti, M. Gajendran, F. Jean-Louise, A. K. Dwivedi, and H. Goyal,
“Prehospitalization Proton Pump Inhibitor (PPI) use and Clinical Outcomes in COVID-19,” 2020.

T. 1. Hariyanto, I. B. Prasetya, and A. Kurniawan, “Proton pump inhibitor use is associated with increased
risk of severity and mortality from coronavirus disease 2019 (COVID-19) infection,” Dig. Liver Dis., 2020,
doi: https://doi.org/10.1016/j.dld.2020.10.001.

P. M. Mckeigue et al., “Associations of severe COVID-19 with polypharmacy in the REACT-SCOT case-
control study,” medRxiv, 2020.

S. E. Tett, I. Sketris, C. Cooke, S. V. van Zanten, and N. Barozzi, “Differences in utilisation of
gastroprotective drugs between 2001 and 2005 in Australia and Nova Scotia, Canada,”
Pharmacoepidemiol. Drug Saf., 2013, doi: 10.1002/pds.3442.

0. Halfdanarson et al., “Proton-pump inhibitors among adults: a nationwide drug-utilization study,”
Therap. Adv. Gastroenterol., 2018, doi: 10.1177/1756284818777943.

M. Matuz et al., “Use of Proton Pump Inhibitors in Hungary: Mixed-Method Study to Reveal Scale and
Characteristics,” Front. Pharmacol., 2020, doi: 10.3389/fphar.2020.552102.

H. Bustillos, K. Leer, A. Kitten, and K. R. Reveles, “A cross-sectional study of national outpatient gastric
acid suppressant prescribing in the United States between 2009 and 2015,” PLoS One, 2018, doi:
10.1371/journal.pone.0208461.

A. Pottegard, A. Broe, J. Hallas, O. B. S. De Muckadell, A. T. Lassen, and A. B. Lgdrup, “Use of proton-
pump inhibitors among adults: A Danish nationwide drug utilization study,” Therap. Adv. Gastroenterol.,
2016, doi: 10.1177/1756283X16650156.

M. D. Ali and A. Ahmad, “A retrospective study on prescribing pattern and cost analysis of proton-pump
inhibitors used among adults of Saudi Arabia,” J. Pharm. Heal. Serv. Res., 2020, doi: 10.1111/jphs.12369.
M. Alsultan, A. Mayet, A. Malhani, and M. Alshaikh, “Pattern of intravenous proton pump inhibitors use
in ICU and Non-ICU setting: A prospective observational study,” Saudi J. Gastroenterol., 2010, doi:
10.4103/1319-3767.70614.

M. Jaynes and A. B. Kumar, “The risks of long-term use of proton pump inhibitors: a critical review,”
Ther. Adv. Drug Saf., 2018, doi: 10.1177/2042098618809927.

M. M. Islam et al., “Adverse outcomes of long-term use of proton pump inhibitors: A systematic review
and meta-analysis,” European Journal of Gastroenterology and Hepatology. 2018, doi:
10.1097/MEG.0000000000001198.

N. Verma, V. Tayal, and V. Roy, “Proton Pump Inhibitors: Prescribing Practices, Appropriateness of Use,
and Cost Incurred in a Tertiary Care, Public, Teaching Hospital in New Delhi, India,” MAMC J. Med. Sci.,
2019, doi: 10.4103/mamcjms.mamcjms_40_19.

A. M. Ladd, G. Panagopoulos, J. Cohen, N. Mar, and R. Graham, “Potential costs of inappropriate use of
proton pump inhibitors,” Am. J. Med. Sci., 2014, doi: 10.1097/MAJ.0b013e31829f87d5.



[38] ). Machado-Alba et al., “Prescribing patterns and economic costs of proton pump inhibitors in
Colombia,” Colomb. Med., 2013, doi: 10.25100/cm.v44i1.1028.

[39] K. W. Davis, R. E. Hanners, and S. M. Lockwood, “Implementation of a proton pump inhibitor
stewardship program,” Am. J. Heal. Pharm., 2017, doi: 10.2146/ajhp160670.

[40] N. Crews, M. Walker, M. El-Halabi, and N. F. Fayad, “Stewardship for Appropriate Management of
Proton Pump Inhibitors (PPI) Usage in Gl Fellows’ Continuity Clinics: Presidential Poster Award,” Am. J.
Gastroenterol., 2018, doi: 10.14309/00000434-201810001-01079.

[41] R. A. Wahking, R. L. Steele, R. E. Hanners, S. M. Lockwood, and K. W. Davis, “Outcomes from a
pharmacist - led proton pump inhibitor stewardship program at a single institution,” Hosp. Pharm.,
2018, doi: 10.1177/0018578717747192.

[42] D. S. Strand, D. Kim, and D. A. Peura, “25 years of proton pump inhibitors: A comprehensive review,”
Gut and Liver. 2017, doi: 10.5009/gnl15502.

Tables:
Table 1. Demographic and clinical characteristics of study participants (N=346)
Age (Mean) 43.5
n %
Gender Male 273 78.9
Female 73 211
Nationality Non-Saudi 278 80.35
Saudi 68 19.65
symptoms No 27 7.80
Yes 319 92.20
chest X-Ray Normal 211 60.98
Abnormal 135 39.02
Disease severity status Mild-Moderate 243 70.23
Severe 75 21.68
Critical 28 8.09
Symptoms
Fever 278 33.99
Dry cough 247 30.20
Dyspnea 124 15.16
Vomiting 30 3.67
Fatigue 24 2.93
Abdominal pain 15 1.83




Diarrhea 36 4.40
Chest pain 4 0.49
runny nose 4 0.49
sore throat 18 2.20
Myalgia 9 1.10
Nausea 19 2.32
Dizziness 9 1.10
body ache 1 0.12
Status of a patient
Recovered 337 97.40
Died 9 2.60
Table 2. Association between PPl medication and Hospital length of stay (N=346)
PPIs with standard care (n=136) Standard care (n=210) p-value
Mean Mean
Duration 4.25 6.5625 0.7
Table 3. Association between PPl medication and disease severity status
PPIs with standard care Standard care
n % n % p-value
. Mild-Moderate 89 25.7 154 44.5 0.12
?;':’,Ziisti Severe 37 10.7 38 11.0 0.05
Critical 10 2.9 18 5.2 0.685
Recovered 133 38.4 204 59.0 0.710
Outcome -
Died 3 0.9 6 1.7 0.710




