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Abstract
Background  Over the years, several observational studies and case reports have been published hypothesizing a potential 
association between the use of proton pump inhibitors (PPIs) and sexual dysfunctions in both male and female patients.
Objectives  We aimed to investigate the potential association between PPI use and sexual dysfunction onset using VigiBase, 
the World Health Organization international pharmacovigilance database.
Methods  All individual case safety reports of sexual dysfunctions containing PPIs (i.e. omeprazole, lansoprazole, rabepra-
zole, pantoprazole and esomeprazole) as suspected or interacting drugs until 4 September, 2024 were selected from VigiBase 
using the Standardised MedDRA Query “Sexual dysfunction”. A descriptive analysis of the selected individual case safety 
reports was carried out. Potentially new safety signals were identified through a disproportionality analysis and calculated 
as a reporting odds ratio (ROR) along with a 95% confidence interval (CI), which were adjusted via Bonferroni correction 
for multiple testing. To account for age-related effects on sexual functions, a subgroup analysis was carried out by restricting 
the study population only to patients aged from 18 to 64 years.
Results  A total of 420,598 individual case safety reports concerning PPIs were collected in VigiBase during the study period. 
Of these, 841 containing at least one Preferred Term included in the “Sexual dysfunction” Standardised MedDRA Query 
reporting information on sex were retrieved. Overall, disproportionate reporting for omeprazole concerning erectile dysfunc-
tion (adjusted ROR, 1.76; 95% CI 1.54–2.01) was observed, while two statistically significant adjusted RORs for esomepra-
zole, i.e. genital discomfort (ROR, 3.66; 95% CI 1.34–10.04) and oestrogen deficiency (ROR, 3.80; 95% CI 1.03–13.99) in 
female patients were found. The subgroup analysis confirmed the statistically significant disproportionate reporting of erectile 
dysfunction for omeprazole (adjusted ROR: 1.80; 95% CI 1.49–2.16), and generated new potential safety signals including 
an omeprazole-induced libido decrease (adjusted ROR, 1.49; 95% CI 1.05–2.12) and esomeprazole-induced hypogonadism 
(adjusted ROR, 5.22; 95% CI 1.22–22.34) in male individuals, and omeprazole-induced genital discomfort (adjusted ROR, 
3.55; 95% CI 1.13–11.09) in female individuals.
Conclusions  Findings of this study suggest the presence of safety signals of PPI-induced sexual dysfunctions, such as erectile 
dysfunction, genital discomfort and oestrogen deficiency. However, further observational studies are required to validate and 
further characterise these potential safety signals.
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Key Points 

Findings of this study suggest a potential involvement 
of esomeprazole and omeprazole in triggering erectile 
dysfunction, genital discomfort and oestrogen deficiency.

In the absence of other identifiable causes, clinicians 
should consider the use of proton pump inhibitors as a 
possible contributor to sexual dysfunctions and should 
evaluate whether discontinuation is warranted.

1  Introduction

Proton pump inhibitors (PPIs) are among the most com-
monly prescribed drug classes worldwide for both the pre-
vention of non-steroidal anti-inflammatory drug-induced 
ulcers and the treatment of acid-related disorders (e.g. 
gastroesophageal reflux disease and peptic ulcer disease). 
A large body of evidence documented an increased risk of 
severe adverse reactions, especially with long-term and inap-
propriate use of these drugs [1–3].

Specifically, PPIs can lead to serious adverse effects, 
such as an increased risk of fractures, susceptibility to 
severe infections as well as impaired absorption of nutri-
ents as well as orally administered medicines, thus leading 
to their reduced effectiveness [4]. Given the widespread use 
of PPIs, these drugs have been associated with a large num-
ber of potential adverse outcomes. However, many of these 
associations are likely to be spurious and largely driven by 
confounding factors such as polypharmacy and underlying 
comorbidities.

Over the years, several published observational studies 
and case reports have hypothesised a potential association 
between the use of PPIs and the onset of sexual dysfunctions 
(SDs) in both male and female individuals [5–9]. Sexual 
dysfunctions are medical conditions that can affect any 
phase of the sexual response cycle and individuals of any 
age. The International Statistical Classification of Diseases 
and Related Health Problems, 11th Edition, in Chapter 17 
(HA00–HA8Z) “Conditions related to sexual health”, lists 
six major families of SDs: hypoactive sexual desire dys-
function (male and female), sexual arousal dysfunctions 
(encompassing symptoms related to erection and lubrica-
tion), orgasmic dysfunctions (male and female), ejaculatory 
dysfunctions (premature or delayed ejaculation), gender 
incongruence and sexual pain disorders [10].

An analysis of pharmacovigilance data conducted by 
the Netherlands Pharmacovigilance Centre Lareb showed a 

disproportionate reporting of PPI-related erectile dysfunc-
tion (ED). In detail, they received 17 reports of ED in asso-
ciation with omeprazole, and for eight of them, a positive 
dechallenge was observed [5].

Moreover, based on 66 reports of ED associated with 
esomeprazole retrieved from EudraVigilance, in October 
2023, the Pharmacovigilance Risk Assessment Commit-
tee of the European Medicines Agency (EMA) initiated a 
referral and warranted further investigation to evaluate the 
potential association of esomeprazole/omeprazole with ED 
and other SDs [11].

In this case, impaired sexuality or SD could be associated 
with a central dopaminergic derangement and/or directly 
associated with high prolactin levels in both men and women 
[12–18]. Proton pump inhibitor use has been linked to hyper-
prolactinemia, which may have a significant effect on the 
patient’s quality of life and fertility, as well as genitourinary 
and gynaecological adverse reactions [19].

As such, exploring the potential association between PPIs 
and SDs is particularly important, as ED, retrograde ejacula-
tion, pubertal failure and hyperprolactinemia are included in 
the important medical event (IME) terms list [20]. This list, 
developed by the EudraVigilance Expert Working Group, 
aims to facilitate the classification of suspected serious 
adverse drug reactions (ADRs) and includes life-threatening 
events, events resulting in death or requiring hospitalisation/
prolongation of hospital stay or resulting in persistent or sig-
nificant disability/incapacity, as well as congenital anoma-
lies/birth defects [21].

To date, the potentially harmful effects of PPIs on male 
and female reproductive health have been little studied. In 
light of this evidence and also considering the widespread 
and often inappropriate use of PPIs, there is a need to further 
investigate the association of PPIs with SDs. Therefore, the 
aim of this study was to explore the relationship between 
PPIs and SDs by performing a disproportionality analysis 
on VigiBase.

2 � Methods

2.1 � VigiBase

VigiBase, the World Health Organization global database of 
individual case safety reports (ICSRs) of suspected ADRs, 
is the largest spontaneous reporting system (SRS) database 
in the world, currently containing over 34 million ICSRs on 
suspected ADRs submitted from around 150 member coun-
tries. It is maintained by the Uppsala Monitoring Centre in 
Sweden. Drugs recorded on the reports are coded according 
to the World Health Organization Drug Global Dictionary 
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and ADRs are classified according to the Medical Diction-
ary for Regulatory Activities (MedDRA), version 26.1 [22].

For data extraction, we used VigiLyze, a data warehous-
ing system provided by the Uppsala Monitoring Centre. We 
used the de-duplicated dataset automatically calculated by 
VigiMatch, a probabilistic record matching method [23].

2.2 � Study Drugs and Study Outcomes

We included in the analysis ICSRs concerning PPIs approved 
for use by the EMA and/or the US Food and Drug Admin-
istration (FDA), namely omeprazole (Anatomical Thera-
peutic Chemical [ATC]: A02BC01), pantoprazole (ATC: 
A02BC02), lansoprazole (ATC: A02BC03), rabeprazole 
(ATC: A02BC04), and esomeprazole (ATC: A02BC05), as 
suspected or interacting drugs. Individual case safety reports 
concerning SDs in which PPIs were reported as concomitant 
drugs were not included in the analysis. We extracted ICSRs 
recorded in VigiBase, from its inception to 4 September, 
2024 (last data drawn). Reports including the study drugs 
and suspected ADRs related to SDs were defined as cases, 
while all other reports in the database were defined as non-
cases. Reports with missing information on a patient’s sex 
were not included in the analysis.

Suspected ADRs of interest were identified using the 
Standardized MedDRA Query (SMQ) “Sexual dysfunction”. 
Furthermore, as hyperprolactinemia may be eventually an 
intermediate factor in the SD-PPI association, we also iden-
tified ICSRs concerning PPIs and reporting the Preferred 
Term (PT) “hyperprolactinemia”. Standardized MedDRA 
Queries include different PTs covering a range of clinical 
conditions, including well-defined diseases and symptoms. 
Preferred terms included in the SMQ “Sexual dysfunctions” 
are listed in Table 1 of the ESM. As SMQs can be applied as 
either broad or narrow searches, we used the specific narrow 
scope search [24].

2.3 � Data Analysis

For each report identified, the following variables were 
extracted: individual safety report identifier, date in which 
the ICSR was received, age, sex, country, drug name (nor-
malised to generic name), ADR of interest and seriousness 
and related outcome. A descriptive frequency analysis of 
patients’ age and sex, type of reporter (physician, pharma-
cist, other healthcare professional and patient/non-healthcare 
professional), ADR outcome and seriousness [25] was con-
ducted. Continuous variables were reported as median with 
interquartile ranges. Categorical variables were summarised 
as frequencies and percentages.

Adverse drug reaction reporting disproportionality for 
potential signal detection was carried out by calculating 
the reporting odds ratio (ROR), along with 95% confidence 

intervals (CIs), using a case/non-case methodology [26]. This 
quantitative approach is based on the measurement of the fre-
quency of drug-suspected adverse reaction pairs, as compared 
with distributions of all other ADRs (i.e. non-cases) from the 
whole database (excluding vaccines) reported in the same 
period [27]. To identify potential signals of disproportionate 
reporting, the statistical threshold was defined as the lower 
bound of the 95% CIs of the ROR >1 with three or more indi-
vidual ICSRs, according to the guideline on the use of sta-
tistical signal detection methods in the Eudravigilance data 
analysis system [28]. Reporting odds ratios were adjusted via 
Bonferroni correction for multiple testing.

In the primary analysis, RORs were individually calcu-
lated for each pair of single study drugs, the PT included in 
the narrow definition of the SMQ “sexual dysfunctions”. As 
a secondary analysis, we also calculated the RORs for the PT 
“hyperprolactinemia”. Because of differences between sexes, 
disproportionality analyses were carried out separately for 
male and female patients. Disproportionality analyses were 
conducted in accordance with READUS-PV recommenda-
tions [29, 30].

To account for age-related effects on sexual functions, 
a subgroup analysis was carried out by excluding patients 
aged from 12 to 17 years and those aged ≥ 65 years from the 
disproportionality analysis. In addition, for each PPI under 
investigation, the time to onset (TTO) of each PT included 
in the SMQ “sexual dysfunctions” as well as for hyperprol-
actinemia was calculated as the time between the beginning 
of the treatment with PPIs and the onset of the ADR. Time to 
onset was calculated only for PTs with a statistically signifi-
cant ROR and for drugs with at least three ICSRs reporting 
the information needed to calculate the TTO (i.e. the date of 
PPI treatment beginning and the date of ADR onset). Box 
plots were used to graphically visualise the median TTO 
for each ADR, stratified by study drugs. A Chi-square test 
or Fisher’s exact test was performed to compare categori-
cal variables, while a Kruskal–Wallis test was performed to 
compare medians, as appropriate. A p value < 0.05 denoted 
statistical significance. All analyses were performed using 
R statistical software (version 4.3.1).

Last, the EMA and FDA summary of product characteris-
tics (SmPCs) of the PPIs included in the study were screened 
to identify the notoriety of ADRs for those pairs PPI-PT 
with a significant ROR value. For the ICSRs that gener-
ated potential safety signals, data concerning dechallenge/
rechallenge, and co-reported medications known to induce 
SDs were evaluated.
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3 � Results

3.1 � Descriptive Analysis

Up to 4 September, 2024, 30,548,821 de-duplicated ICSRs 
(excluding vaccines) were collected in VigiBase, and 
420,598 (1.4%) of them concerned the PPIs under study. 
Individual case safety reports related to the SMQ “sexual 
dysfunction”, and the PT hyperprolactinemia accounted for 
870 (0.2%) of the PPIs-related ICSRs. Of these, 841 ICSRs 
(96.7%) reporting information on patients’ sex were included 
in the analyses, with omeprazole being the most frequently 
reported (N = 432; 51.4%), followed by esomeprazole (N = 
162; 19.3%), pantoprazole (N = 132; 15.7%), lansoprazole 
(N = 110; 13.1%) and rabeprazole (N = 40; 4.7%) (Fig. 1).

The main demographic and clinical characteristics of 
these ICSRs, stratified by sex and PPI, are presented in 
Table  1. Overall, those reports mainly concerned male 
patients (male/female ratio = 5.2), and those aged between 
18 and 64 years. Reports of PPI-related SDs and hyper-
prolactinemia primarily originated from Europe (N = 419; 
46.2%) and America (N = 357; 39.2%) and were mostly 
reported by physicians (N = 289; 31.9%) and consumers (N 
= 218; 24.0%).

A total of 186 (20.5%) serious ADRs, mainly concern-
ing male patients (72.6%), were reported. However, for each 

PPI, the proportions of serious ADRs were higher among 
women than men (Table 1).

3.2 � Disproportionality Analysis

With a total of 532 cases, ED was the most commonly 
reported PT, followed by hypoactive sexual desire [i.e. 
decrease (N = 143), and loss (N = 31) of libido], hyperprol-
actinemia (N = 66), sexual disfunction (N = 52) and vulvo-
vaginal dryness (N = 26). Among the 42 PTs included in the 
narrow definition of the SMQ “sexual dysfunction” (Table 1 
of the ESM), disproportionate reporting for at least one PPI 
was observed for three (7.1%) PTs. Of these, two (i.e. ED 
and genital discomfort) belong to the system organ class 
“Reproductive and Breast Disorders”, and one (i.e. oestrogen 
deficiency) to the system organ class “Endocrine Disorders”. 
Statistically significant adjusted RORs for PPI-induced SD 
are presented in Fig. 2.

A statistically significant adjusted ROR was observed 
for omeprazole concerning ED (adjusted ROR, 1.76; 95% 
CI 1.54–2.01), while two statistically significant adjusted 
RORs were found for esomeprazole, i.e. genital discomfort 
(adjusted ROR, 3.66; 95% CI 1.34–10.04) and oestrogen 
deficiency (adjusted ROR, 3.80; 95% CI 1.03–13.99) in 
female patients. Statistically significant RORs in relation to 
the number of cases for each PT, stratified by the individual 
PPI, are shown in Fig. 3. In the secondary analysis con-
cerning PPI-induced hyperprolactinemia, we did not find 

Fig. 1   Flow chart for individual 
case safety report of proton 
pump inhibitor (PPI)-related 
sexual dysfunction selection 
process in VigiBase. ICSRs 
individual case safety reports, 
PT Preferred Term
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disproportionate reporting for any of the PPIs included in 
the analysis.

As compared with the primary analysis, the subgroup 
analysis restricting the study population only to patients 
aged between 18 and 64 years led to an increased num-
ber of potential safety signals with statistically significant 
RORs (i.e. from 3 to 4). Specifically, only the statistically 
significant disproportionate reporting of ED for omepra-
zole was confirmed (adjusted ROR, 1.80; 1.49–2.16). New 
potential safety signals included an omeprazole-induced 
libido decrease (adjusted ROR, 1.49; 95% CI 1.05–2.12) 
and esomeprazole-induced hypogonadism (adjusted ROR, 
5.22; 95% CI 1.22–22.34) in male individuals, and omepra-
zole-induced genital discomfort (adjusted ROR, 3.55; 95% 
CI 1.13–11.09) in female individuals (Table 2). Of the 876 
SD-related ICSRs reporting PPIs, 292 (33.3%) contained the 
information necessary to calculate the TTO, but, concern-
ing potential safety signals, TTO could only be calculated 
for omeprazole-induced ED (19 days [interquartile range 
4–180]).

The analysis of the EMA and FDA SmPCs to evaluate 
the expectedness of SDs and hyperprolactinemia induced 
by PPIs revealed that oestrogen deficiency and genital dis-
comfort were not listed in either the EMA or FDA SmPCs 
of the PPIs for which a statistically significant ROR was 

calculated. Erectile dysfunction is listed as a potential ADR 
in the FDA SmPCs of all PPIs, while it is not reported in 
their EMA SmPCs.

Finally, the information needed to perform a clinical 
assessment of SD cases was scarce. In particular, out of the 
292 ICSRs generating potential safety signals in the primary 
analysis, 211 (71.5%) did not report concomitant drugs asso-
ciated with an increased risk of SDs, and data on dechal-
lenge/rechallenge were available only for 84 ICSRs (28.8%). 
For 61 (72.6%) of these, a positive dechallenge was reported 
(Tables 2 and 3 of the ESM).

4 � Discussion

To the best of our knowledge, this is the first pharmacovigi-
lance study using VigiBase to investigate the potential role of 
PPIs in inducing SDs in both male and female patients. We 
found potential safety signals for omeprazole-induced ED in 
male patients, and esomeprazole-induced genital discomfort 
and oestrogen deficiency in female patients. Findings for the 
subgroup analysis restricting the study population to patients 
aged from 18 to 64 years also showed additional potential 
safety signals concerning an omeprazole-induced libido 
decrease and esomeprazole-induced hypogonadism in male 

Fig. 2   Forest plot of a dispro-
portionality analysis, at the 
Preferred Term (PT) level, of 
sexual dysfunctions and hyper-
prolactinemia related to proton 
pump inhibitors as reported in 
VigiBase, stratified by sex and 
proton pump inhibitors. Only 
PTs with statistically significant 
adjusted reporting odds ratios 
(RORs) are shown. CI confi-
dence interval
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individuals, as well as omeprazole-induced genital discom-
fort in female individuals. Although spontaneous reporting 
systems do not allow for the estimation of incidence rates 
of ADRs, the relative frequency of reports may still provide 
an approximate indication of the potential magnitude of the 
problem. In this regard, the finding that only 0.2% of ICSRs 
involving PPIs referred to SDs does not reflect the true inci-
dence of these events, but it may nevertheless suggest that 
such reactions represent a relatively uncommon or unknown, 
yet clinically relevant, safety concern.

It has been estimated that about 25% of all cases of ED 
are caused by medications, especially antidepressants, antip-
sychotic drugss, antihypertensive medications, antineoplas-
tic medications, antihistamines, drugs with anticholinergic 
activity and anti-hormones [31, 32]. The prevalence of iat-
rogenic ED could be even higher considering that several 
non-communicable chronic diseases share the ability to pro-
duce SDs through the same proinflammatory mechanism of 

action, but are, at the same time, treated with a number of 
the above-mentioned erectolytic drugs [33].

While blockers of the type 2 histamine receptor, used 
for the treatment of gastric hyperacidity, are well known to 
produce SDs through an anti-histaminergic effect [6], the 
current medical literature evaluating the association between 
PPI use and ED onset is limited. One of the first studies 
exploring the potential association between ED and omepra-
zole was a pharmacovigilance study conducted by the Upp-
sala Monitoring Center, dating back to 1992 [7]. This study 
described 15 cases of ED potentially associated with ome-
prazole use, including two cases involving men under the age 
of 40 years [7]. More recently, in 2015, pharmacovigilance 
reports published by Lareb suggested a potential association 
between ED and omeprazole or lansoprazole, with a latency 
period that ranges from 1 day to 6 months [5]. Such evidence 
is in line with our findings, as we observed a median TTO 
for potential omeprazole-induced ED of 19 days with an 

Fig. 3   Heat map of a dispropor-
tionality analysis for Preferred 
Terms with statistically 
significant reporting odds ratios 
(RORs). The size of the circles 
is proportional to the number 
of cases
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interquartile range from 4 to 180 days. The latency period 
observed between PPI initiation and the occurrence of SDs 
appears consistent with a plausible causality, as SDs may 
emerge relatively early during therapy. This pattern con-
trasts with other adverse events potentially associated with 
long-term PPI use, such as nutritional deficiencies or bone 
fractures, which typically require prolonged exposure before 
becoming clinically evident. Supporting such evidence, a 
case report published in 2021 documented the sudden onset 
of severe ED in a healthy young man shortly after starting 
over-the-counter omeprazole therapy. The patient’s erectile 
function rapidly returned to normal following the discon-
tinuation of the drug [8].

In recent years, regulatory agencies including the EMA 
[11], the FDA [34], and the Malaysian National Pharmaceu-
tical Regulatory Agency [35] have issued safety notifications 
regarding the potentially increased risk of ED in patients 
receiving PPIs.

Following an analysis of the FDA Adverse Events Report-
ing System in 2022, the FDA acknowledged ED as a poten-
tial safety signal associated with PPIs [36]. As a result, in 
2023, this regulatory agency determined that the SmPCs for 
all PPI-containing products, including combination prod-
ucts and combination packs, must include information about 
the risk of ED onset [37]. However, to date, the risk of ED 
is not mentioned in the EMA SmPCs of PPIs. Addition-
ally, the esomeprazole periodic safety update report single 
assessment (PSUSA/00001269/202403) issued by the EMA 

Pharmacovigilance Risk Assessment Committee at the end 
of March 2025 did not mention any association between 
esomeprazole and ED [37].

Concerning the aetiopathology of PPI-induced ED, 
several mechanisms have been suggested in the literature. 
One of these is the induction of the cytochrome P450 3A4 
enzyme by PPIs, which may reduce testosterone levels in 
some patients, thus leading to low desire and subsequent 
ED. Another pathological pathway may involve the ability 
of PPIs to impair endothelial nitric oxide production, which 
plays a role in in cavernous smooth muscle relaxation and 
finally in erectile function, thereby leading to ED [38, 39].

After testosterone, prolactin is considered one of the 
most important hormones affecting male sexual function 
[40]. Prolactin acts negatively on erectile function through 
central and peripheral mechanisms not fully understood [12]. 
In fact, dopamine is regarded as a major factor in triggering 
sexual motivation [13], implying that an enhanced dopamine 
level in the brain regions related to reward would lead to 
increased sexual drive [14]. At the same time, dopamine 
controls and reduces the lactotroph activity [15]. In this 
regard, peripheral high levels of prolactin reflect a central 
reduction of the dopaminergic pathway [12]. This has not 
been yet demonstrated as a possible mechanism of action of 
PPI-induced hyperprolactinemia. This lack of evidence jeop-
ardises a clear-cut explanation of the sexual symptoms found 
in patients treated with PPIs long term. In fact, direct effects 
of prolactin on the sexual behavior have been demonstrated 

Table 2   Disproportionate reporting analysis of reported sexual dys-
functions for the subgroup of patients aged 18–64 years with a sta-
tistically significant ROR value, stratified by sex and proton pump 

inhibitor at the Preferred Term level of Standardized MedDRA Query 
sexual dysfunction in VigiBase, until 4 September, 2024

CI confidence interval, ROR reporting odds ratio
a Adjusted via Bonferroni correction for multiple testing

Male sexual dysfunctions

Esomeprazole (N = 83) Omeprazole (N = 248)

Erectile dysfunction No. of cases (%) 187 (75.4)
Crude ROR [95% CI] 1.80 [1.55–2.07]
Adjusteda ROR [95% CI] 1.80 [1.49–2.16]

Libido decreased No. of cases (%) 51 (20.6)
Crude ROR [95% CI] 1.49 [1.13–1.96]
Adjusteda ROR [95% CI] 1.49 [1.05–2.12]

Hypogonadism No. of cases (%) 3 (3.6)
Crude ROR [95% CI] 5.22 [1.6 –16.34]
Adjusteda ROR [95% CI] 5.22 [1.22–22.34]

Female sexual dysfunctions

Omeprazole (N = 20)

Genital discomfort No. of cases (%) 3 (15.0)
Crude ROR [95% CI] 3.55 [1.13–11.09]
Adjusteda ROR [95% CI] 3.55 [1.13–11.09]
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only in the above-mentioned peripheral inhibition of the 
nitric oxide synthase activity, while the anti-sexual effects 
of hyperprolactinemic drugs have been consistently referred 
to their antidopaminergic activity, as happens with antip-
sychotic drugs [16]. Hence, if PPIs do not directly reduce 
dopamine central activity, prolactin may do it [17], partially 
explaining the sexual dysfunctions here discussed. However, 
the circularity of these loops remains to be fully elucidated.

Although the findings of our study did not show sta-
tistically significant disproportionality for PPI-induced 
hyperprolactinemia, safety signals generated by our analy-
ses concerning oestrogen deficiency, libido decrease and 
hypogonadism might be explained by increased prolactin 
levels due to PPIs. In particular, two cross-sectional studies 
investigated the role of prolactin in the onset of PPI-related 
SDs in male and female patients, respectively. The first 
study involved 65 male patients consistently receiving PPIs 
for at least 3 months and showed significant variations for 
decreased libido, ED, and decreased semen volume between 
normal and hyperprolactinemic PPI users [18]. In another 
cross-sectional study of 101 patients receiving PPIs for at 
least 3 months, significant hormonal changes were observed 
in those who reported sexual complaints. These patients had 
significantly different levels of prolactin, oestrogen and pro-
gesterone compared with those without such problems. This 
study also found a statistically significant increase in the 
incidence of amenorrhea, menstrual irregularities, breast 
enlargement and breast tenderness in patients with elevated 
prolactin levels [41].

Proton pump inhibitor-induced SDs may also stem from 
other indirect mechanisms. Proton pump inhibitors have 
been found to disrupt the absorption of vitamin B12 and 
magnesium [42, 43], deficiency of which are suspected to 
be contributing causes of SDs and infertility in both men and 
women [42, 44, 45]. Last, findings from the notoriety analy-
sis highlighted a considerable heterogeneity among EMA 
and FDA SmPC for the study drugs, confirming the results 
of previous comparisons [46, 47].

One of the main strengths of this study is that, to the 
best our knowledge, this is the first to provide an overview 
of potentially PPI-induced SDs using a spontaneous report-
ing database. Pharmacovigilance assessments represent an 
essential and reliable opportunity to monitor drug safety 
[48]. Spontaneous reporting systems are solid tools to detect 
and characterise ADRs under real-world conditions, not only 
for early detection of safety concerns with new drugs, but 
also for continuous monitoring of old medications [49], 
thus, supporting the emerging role of pharmacovigilance 
for risk-benefit assessments [50]. The analyses conducted in 
VigiBase were supplemented with a thorough review of both 
EMA and FDA SmPCs of PPIs with statistically significant 
disproportionate reporting of specific SDs for a notoriety 
assessment.

However, there are some limitations to acknowledge. 
First, spontaneous reporting data are generally subject to 
several biases, including under-reporting, selective report-
ing and the lack of a denominator (total number of drug 
users), all of which prevent measuring the absolute risk of 
suspected ADRs [51]. Second, disproportionality analyses 
reflect reporting imbalances and are not suitable to evalu-
ate ADR incidence, risk or causality. Third, the absence of 
causality assessments and the significant lack of relevant 
clinical information, particularly for ICSRs that generated 
potential safety signals, represent two major limitations 
of our analysis. Moreover, the possibility of residual con-
founding due to factors not fully captured in spontaneous 
reporting systems cannot be completely ruled out. Fourth, 
as it was not possible to exclude other drugs known to 
induce SDs (e.g. antipsychotic drugs, testosterone-5-alpha 
reductase inhibitors and antidepressants) from the scru-
tiny, results of a disproportionate analysis may be affected 
by co-prescription bias (or confounding by association). 
In fact, it should be considered when evaluating our data 
that PPIs are not only used to cure gastric and oesophageal 
symptoms and diseases but also used frequently in asso-
ciation with other drugs known for their ability to attack 
the gastric mucosa, such as corticosteroid and non-steroid 
anti-inflammatory drug treatments. These treatments are 
typically, but not exclusively, used in the elderly. In these 
cases, polytherapy and the climaterium [52] should be also 
considered as a further possible risk factors in PPI-induced 
SD. Nevertheless, it should be considered that only ICSRs 
reporting PPIs as suspected or interacting drugs were 
included in the analysis. Fifth, through the descriptive 
analysis of these ICSRs, we identified potentially differen-
tial source patterns for geographical locations and report-
ers. As an example, while SD- and hyperprolactinemia-
related ICSRs were more frequently reported in America 
than in Europe, ICSRs of lansoprazole-induced SDs, for 
both male and female patients, were mostly reported in 
Europe rather than America. As reported by Mestres 
et al. in 2024 [53], differential source patterns in signal 
detection could predispose certain drugs to be dispro-
portionally associated with adverse events. Sixth, we 
conducted disproportionality analyses using both crude 
and Bonferroni-adjusted RORs. Other disproportional-
ity methods (e.g. proportional reporting ratio, Bayesian 
Confidence Propagation Neural Network and empirical 
Bayes geometric mean), which might have contributed to 
identifying additional PPI-related SD signals, were not 
applied in this study. Finally, disproportionality analyses 
do not allow the quantification of the true risk of suspected 
ADRs, and potential signals detected through the analysis 
of SRS databases should be validated further. As such, the 
analysis of SRS is mainly aimed to generate hypotheses, 
and a causal association between the drugs and the studied 
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ADRs can only be confirmed with patient case reports. 
Notably, only 0.2% of PPI-related ICSRs in VigiBase were 
associated with SDs. This finding may suggest that the 
incidence of SDs related to PPI use is substantially lower 
compared with other, more commonly reported ADRs.

5 � Conclusions

Findings from this analysis of VigiBase suggest the presence 
of potential safety signals of PPI-induced SDs, including 
ED, which is a clinically relevant condition reported in the 
IME terms list. Further observational studies based on more 
robust clinical data are required to assess and validate these 
potential safety signals. Healthcare professionals should 
consider also PPIs as a possible cause of SDs, particularly 
when no other causes are identified, and discontinuation of 
the drug should be evaluated.
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