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Chen et al.: Identifying Drug Risks for Gastroesophageal Reflux Diseas

Gastroesophageal reflux disease is a common digestive disorder often associated with medication 
use. This study aimed to identify top medications strongly associated with gastroesophageal reflux 
disease through the Food and Drug Administration's adverse event reporting system. Food and Drug 
Administration's adverse event reporting system database was queried for adverse event reports related 
to gastroesophageal reflux disease from 2013 to 2022. Disproportionality analysis was conducted using the 
reporting odds ratio and proportional reporting ratio. To identify instances of gastroesophageal reflux 
disease, the medical dictionary for regulatory activities was utilized and the DrugBank database was 
used to determine the generic nomenclature of the drugs. A total of 5470 cases of gastroesophageal reflux 
disease reports were identified. Overall, there is a higher likelihood of drug-induced gastroesophageal 
reflux disease in females. Benicar, Fosamax, Enbrel, Benicar HCT and Prolia were the top 5 drugs 
associated with most cases of gastroesophageal reflux disease. According to the disproportionality 
analysis, Benicar and its combination medications ranked as the top three drugs with the strongest 
gastroesophageal reflux disease signals. By analyzing the Food and Drug Administration's adverse event 
reporting system database, we have listed medications with a strong gastroesophageal reflux disease 
signal. Our research indicated that angiotensin II receptor blockers, particularly Benicar (olmesartan), 
might be a category of drugs with underestimated susceptibility to gastroesophageal reflux disease risk.

Key words: Gastroesophageal reflux disease, Food and Drug Administration's adverse event reporting system 
database, disproportionate analysis, olmesartan

Gastroesophageal Reflux Disease (GERD) is a 
relatively common digestive disorder worldwide[1]. 
Due to a lack of effective diagnostic criteria for 
GERD, estimating its prevalence is challenging. 
When defined according to Montreal definition and 
classification, the prevalence of GERD in Western 
countries ranges between 10 % and 20 %[2,3]. 
Patients with GERD may experience heartburn, 
acid regurgitation and other persistent symptoms, 
significantly impacting their quality of life and 
work[4]. When patients exhibit extraesophageal 
manifestations, especially respiratory complications 
such as asthma-like attacks or even suffocation, 
it can pose a life-threatening risk[5]. Additionally, 
chronic GERD is associated with complications such 
as Barrett's esophagus and esophageal cancer[6].
Previous epidemiological studies indicate a 
potential link between GERD, smoking and coffee 

consumption, recognized as behavioral risk factors 
for triggering GERD symptoms[2]. Of note, the 
utilization of certain medications may contribute 
to the onset or worsening of GERD symptoms[7]. 
Prior research has identified various drug classes 
and specific medications linked to GERD, including 
bisphosphonates, acetylsalicylic acid, antidepressant 
agents, hormone replacement therapy and oral 
contraceptive drugs[8-11]. These medications may 
induce GERD through direct mucosal damage, 
inflammation or by reducing Lower Esophageal 
Sphincter Pressure (LESP) and influencing 
esophageal motility[12,13]. However, although the 
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association between GERD and certain medications 
is frequently reported, limited clinical observations 
and retrospective studies are often insufficient to draw 
conclusions[14]. Furthermore, existing literature lacks 
large-scale studies on which class of drugs is most 
likely to induce GERD. Our study aims to address 
this issue through the Food and Drug Administration 
(FDA) Adverse Event Reporting System (FAERS), a 
drug safety surveillance database.
FAERS, a self-reporting system, is created for the 
collection of post-marketing Adverse Events (AEs) 
associated with drugs and therapeutic biologics[15]. 
Owing to its attributes of vast data and public 
accessibility, FAERS is commonly employed for 
pharmacovigilance investigations. Previous research 
has employed the FAERS database to investigate 
correlations between specific drugs and various 
gastrointestinal AEs, such as bevacizumab and 
gastrointestinal perforations and glucagon-like 
peptide-1 receptor agonists and gastrointestinal 
adverse reactions[16,17]. However, the association 
between specific drugs and GERD remains elusive. 
With the introduction of numerous new drugs in 
recent years, screening and updating their relevance 
to GERD are imperative. This study aims to 
comprehensively investigate drugs associated with an 
increased risk of GERD through FAERS. Such a list 
of medications could be instructive for prescribing 
physicians in managing iatrogenic GERD patients 
and provide valuable data for future explorations in 
more specific epidemiologic research.

MATERIALS AND METHODS

Study design:

We divided this study into three stages; data collection 
and collation; data definition and translation; data 
analysis. Firstly, we extracted relevant data from the 
FAERS database for evaluation. Then, because both 
generic and brand drugs are recorded in FAERS, the 
subsequent translation stage converted all brand drugs 
in the project into their generic equivalents. Finally, 
during the data analysis stage, we obtained the 20 most 
common drugs reported in FAERS associated with 
GERD and their corresponding Reporting Odds Ratio 
(ROR).

Data source:

This pharmacovigilance research was conducted 
through retrospective analysis of the FAERS 
database. FAERS, designed to support post-marketing 

surveillance of drugs and therapeutic biologics, 
encompasses all adverse reaction and medication 
error information collected by the FDA[18]. All data in 
the database are voluntarily submitted by healthcare 
professionals and consumers, providing a wealth of 
information, including demographic characteristics, 
drug details and clinical outcome information. We 
utilized Open Vigil 2.1 pharmacovigilance analysis 
platform for data mining in the FAERS database (http://
h2876314.stratoserver.net:8080/OV2/search/). Open 
Vigil 2.1 currently includes FAERS data from Q1 2004 
to Q1 2023, comprising a total of 11 155 106 AEs[19].

AEs and drugs definition:

Using the Preferred Term (PT) nomenclature from 
the Medical Dictionary for Regulatory Activities 
(MedDRA, version 24.0), we encoded the AE signals 
retrieved from the FAERS database. Then, we 
conducted data mining in the PT section for "GERD" 
and "reflux oesophagitis" (MedDRA codes: 10017885, 
10017885) to identify drugs associated with GERD. 
We then downloaded all reports related to GERD and 
conducted statistical analyses using generic drug names 
as the unique identifiers. However, many reports in the 
FAERS database utilized brand names for drugs. To 
convert these brand names to generic names, we used 
the FDA DrugBank database (https://go.drugbank.
com/drugs). If a drug name could not be retrieved from 
DrugBank, we manually excluded it from our analysis.

Statistical analysis:

Descriptive analysis was conducted to summarize the 
clinical characteristics of patients with drug-induced 
GERD, including age, gender, weight and relative 
outcomes. Individual safety reports (ISRs), with each 
ISR counting as one AE report, were tallied to identify 
the top 20 drugs associated with GERD (ranked in two 
groups based on the number of reported cases and ROR 
values). Disproportionate analysis was employed to 
generate hypotheses regarding potential associations 
between drugs and GERD[20]. Within disproportionate 
analysis, the ROR and Proportional Reporting Ratio 
(PRR) are the two most commonly used frequency 
methods, distinguished by their simplicity in calculation 
and consistency in results[21,22]. Table 1 outlines the 
calculation formulas and criteria. A relatively higher 
ROR or PRR indicates a stronger statistical relationship 
between the suspected drug and the suspected AE. Open 
Vigil 2.1 was utilized to directly compute ROR and 
PRR values, followed by data processing and analysis 
using the R programming language (version 4.3.1).
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RESULTS AND DISCUSSION
By limiting the reporters to physicians (abbreviated 
as MD) and the reporting countries to the United 
States, a total of 5470 cases of GERD were reported 
from the first quarter of 2013 to the fourth quarter of 
2022. As shown in fig. 1, the number of reports of 
drug-induced GERD peaked at 1175 cases in 2018. 
Starting from 2019, the number of reports began to 
decline and the reported cases of GERD fell back to 
the level of 10 y ago from 2020 to 2022. According 
to the characteristics presented in Table 2, drug-
induced GERD is more likely to occur in individuals 
aged 41-64 (1076, 19.67 %) and ≥65 y old (870, 
15.90 %), with lower incidences in individuals aged 
19-40 (266, 4.86 %) and minors (118, 2.16 %). The 
average weight of patients with drug-induced GERD 
was 76 (±27.53) kg. Additionally, women are more 
susceptible to drug-induced GERD compared to men 
(n=2863, 52.34 % vs. n=1163, 21.26 %). Among 
these reports, the most common outcome was 
hospitalization-initial or prolonged (n=1616, 29.54 
%).

Based on the frequency of AE reports, the top 20 drugs 
associated with GERD are shown in fig. 2. Benicar 
is the drug with the highest reported frequency (889 
cases), followed by Fosamax (507 cases), Enbrel (327 
cases), Benicar HCT (292 cases), Prolia (157 cases), 
Xyrem (101 cases), Dupixent (90 cases) and other 
medications. In the frequency rank figure (fig. 2), 
drugs classified as biologics and immuno-modulators 
account for the largest proportion, followed by anti-
hypertensive drugs and other drugs.

Based on the ROR criteria and reporting frequency, 
we have identified the top 20 drugs with GERD signal 
values. Fig. 3 and fig. 4 lists the top 20 drugs with 
the highest signal strength, with ROR values ranging 
from 0.82 to 19.39. According to this list, Benicar 

remains the drug with the highest signal value (ROR 
19.39, 95 % CI 13.85-27.15). The drugs that follow 
Benicar, including Benicar HCT (16.62, 95 % CI 
8.54-31.98) and Azor (14.52, 95 % CI 4.63-45.46), 
are two-in-one drugs that contain Benicar. Fosamax, 
which had a high reporting frequency but ranked 
second, has a ROR value of 11.15, 95 % CI 10.10-
12.30. Enbrel, which also had a high ranking in terms 
of reporting frequency, did not make it into the top 
20 drugs based on signal value. Similarly, using the 
POR criteria, we obtained a top 20 list of drugs that 
were consistent with the results obtained using the 
ROR criteria.

To our knowledge, this study is the first to generate 
a list of medications with the highest likelihood of 
causing GERD, based on analysis of real-world data 
from the FAERS database. We described the clinical 
characteristics of patients with drug-induced GERD 
and identified the drugs most associated with it. Our 
findings suggest that Benicar and its combination 
drugs may be under-recognized as potential inducers 
of GERD. This could be instructive for prescribing 
physicians in managing iatrogenic GERD patients 
and contribute to future clinical research.

GERD is a non-negligible AE to medical interventions. 
Prolonged and severe GERD can markedly diminish 
the quality of life. Previous studies have found 
that Angiotensin II Receptor Blockers (ARBs), 
bisphosphonates, hormone replacement therapy, 
immuno-modulators and selective serotonin reuptake 
inhibitors may be associated with drug-induced 
GERD, which is consistent with our findings[7,10,23,24]. 
Of note, our study demonstrates that the incidence 
of drug-induced GERD increases with age and is 
more common in female patients. Previous research 
has shown that hormonal changes associated with 
menopause may increase the susceptibility to 

Algorithms Equation Criteria

ROR
ROR=ad/bc 

lower limit of 95 %CI >1, a≥3
95% CI=eln(ROR)±1.96(1/a+1/b+1/c+1/d)^0.5

PRR
PRR=a(c+d)/c(a+b) 

PRR≥2, χ2≥4, a≥3
χ2=[(ad–bc)2](a+b+c+d)/[(a+b)(c+d)(a+c)(b+d)]

Note: (a): Number of reports containing both the suspect drug and the suspect adverse event; (b): Number of reports containing the suspect 
adverse event with other medications (except the drug of interest); (c): Number of reports containing the suspect drug with other adverse 
drug reactions (except the event of interest); (d): Number of reports containing other drugs and other adverse events; ROR: Reporting Odds 
Ratio; PRR: Proportional Reporting Ratio; CI: Confidence Interval and χ2: chi-squared

TABLE 1: ALGORITHMS USED FOR SIGNAL DETECTION
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mucosal resistance to injury decreases, which may 
increase the risk of drug-induced GERD. 

mucosal injury and disturb gastrointestinal tissue 
repair[25]. Additionally, as people aging, their gastric 

Fig. 1: Flow chart of FAERS AE frequency and disproportionality analysis for drug-induced GERD

Characteristics No./Kg (%/SD)

Age

≤18 y 118 (2.16)
19-40 y 266 (4.86)
41-64 y 1076 (19.67)
≥65 y 870 (15.90)
Unknown 3140 (57.40)

Gender

Male 1163 (21.26)
Female 2863 (52.34)
Unknown 1444 (26.40)
Weight 76 (27.53)

Outcome

Hospitalization-Initial or prolonged 1616 (29.54)
Life-Threatening 65 (1.19)
Death 135 (2.47)
Disability 150 (2.74)
Required intervention to prevent 3 (0.05)
Congenital anomaly 70 (1.28)
Other Serious (Important Medical Event) 2059 (37.64)
Unknown 1372 (25.08)
Note: Categoric data are shown as number (%) and continuous data as mean±Standard Deviation (SD); GERD: Gastroesophageal Reflux 
Disease and Kg: Kilogram

TABLE 2: CLINICAL CHARACTERISTICS OF REPORTED DRUG-INDUCED GERD
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Fig. 2: Number of reported cases of drug-induced GERD from Q1 2013 to Q4 2022

Fig. 3: Top 20 drugs with the highest number of reported GERD

Fig. 4: Top 20 drugs for signal strength with RORs and PRRs
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routinely employed as first-line agents in hypertensive 
management for individuals with diabetes and renal 
disorders[35,36]. ARBs functioning by competitively 
inhibiting angiotensin II receptors, thereby lowering 
blood pressure and resulting in diminished vascular 
constriction, reduced aldosterone secretion and 
decreased release of catecholamines[37]. Notably, 
losartan was the pioneer ARB to receive approval, 
while olmesartan gained regulatory approval in 
2002. In 2012, Rubio-Tapia et al.[38] reported a case 
series involving 22 hypertensive patients treated 
with olmesartan, who presented with unexplained 
chronic diarrhea and sprue-like enteropathy. Upon 
discontinuation of olmesartan, histological recovery 
was then observed, accompanied by symptoms 
relief. Following this case series, additional reports 
documented cases of sprue-like enteropathy 
associated with olmesartan medication[39,40]. Although 
the mechanism by which olmesartan induces 
mucosal damage remains unclear, it is commonly 
acknowledged that the process involves immune-
mediated inflammation. This immune-mediated 
damage manifests as partial to severe villous atrophy, 
increased intraepithelial lymphocytes, frequent 
subepithelial collagen deposition and inflammation 
in the lamina propria[41]. Our study is the first to 
reveal the potential association between olmesartan 
and its derivatives in the development of GERD. 
ARBs-related AEs of digestive tract should be 
considered a distinct clinical entity and included in 
the differential diagnosis of diarrhea in hypertensive 
patients. Moreover, further clinical and mechanistic 
investigations pertaining to the relationship between 
ARBs and GERD are warranted.

While this real-world pharmacovigilance study 
provides a reference for identifying drugs with 
potential risks inducing GERD, certain inevitable 
limitations should be noted. Firstly, the true 
incidence rates of GERD for each drug cannot 
be compared due to the unknown total number of 
cases for each medication. Secondly, given that the 
FAERS operates on a spontaneous reporting system, 
inherent challenges like underreporting, incomplete 
reporting and reporting bias are present, potentially 
introducing bias into the data analysis. Thirdly, the 
association signals identified in our study do not 
definitively establish a causal relationship between 
the drugs and GERD. Although our study does not 
delve into the specific impact of drugs on GERD, 
the FAERS database remains a crucial tool for 
pharmacovigilance analysis and provides clues for 

The drugs most frequently associated with GERD 
among the top 20 ranked by the calculated ROR 
are predominantly immuno-modulators. Notably, 
a significant portion of these drugs is used in 
the treatment of autoimmune diseases, including 
Tecfidera, Xeljanz, Avonex and Gilenya. In previous 
reports, Xeljanz (Tofacitinib) has been mentioned 
in association with GERD or gastrointestinal 
perforation, particularly in STING-associated 
vasculopathy with onset in infancy and Rheumatoid 
Arthritis (RA) patients[26,27]. The remaining three 
drugs, Tecfidera, Avonex and Gilenya, commonly 
used in the treatment of multiple sclerosis have 
been previously reported to cause gastrointestinal 
adverse reactions in previous studies[28-30]. However, 
the specific association with GERD is not detailed-
documented. Our work may provide new insights 
for future research on the relationship between 
these anti-autoimmune disease drugs and GERD. 
Additionally, some postmenopausal females 
undergoing bisphosphonate therapy for osteoporosis 
have experienced severe esophageal injury[31]. 
Endoscopic examinations in these cases often reveal 
chemical esophagitis with erosion or ulcers, exudative 
inflammation and thickening of the esophageal wall. 
Furthermore, recent studies indicate that combined 
oral contraceptives are an independent risk factor for 
GERD[32]. Our research, however, demonstrates that 
NuvaRing is more likely to cause GERD compared 
to oral contraceptives. It is also worth noting that 
5α-reductase inhibitors have previously been reported 
in studies as drugs that can reduce the risk of gastro-
oesophageal cancer. However, Propecia has also 
appeared in the list of top 20 drugs associated with 
GERD reports number and ROR values, the specific 
mechanism awaits further exploration. In the context 
of the relationship between 5-Hydroxytryptamine 
Type 3 (5-HT3) receptor inhibitors and GERD, the 
blockade of 5-HT3 receptors may lower midsternum 
somatic pain thresholds, leading to decreased pain 
thresholds after esophageal acid exposure, which 
may be associated with Zofran induced GERD[33]. 
The association between incretin-based drugs and 
GERD-like symptoms has recently been widely 
discussed[34]. Our study found that Januvia, a 
dipeptidyl peptidase-4 inhibitor, is more likely to 
induce GERD. This may have implications for the 
medication of patients with type 2 diabetes who 
already experience gastrointestinal discomfort.

ARBs stand as one of the most widely prescribed 
anti-hypertensive medications globally, which are 
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further prospective clinical investigations.

In summary, herein we conducted a comprehensive 
assessment of GERD reports and associated drugs 
in the FAERS database. Our research indicates that 
ARBs, particularly olmesartan, maybe a category 
of drugs with underestimated susceptibility to 
GERD risk, warranting close monitoring in medical 
practice. Furthermore, additional epidemiological 
investigations are needed to explore the associations 
between these drugs and GERD.
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