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Abstract

Aim: The objective of this study was to evaluate the reported associations between the syndrome of inappropriate
antidiuretic hormone secretion (SIADH) and a variety of proton pump inhibitors (PPI) through analysis of the reports
extracted from the Food and Drug Administration Adverse Event Reporting System (FAERS).

Methods: FAERS reports from January 2004 to March 2020 were used to conduct disproportionality and Bayesian
analyses. The definition of SIADH relied on the preferred terms provided by the Medical Dictionary for Regulatory
Activities. The time to onset, mortality, and hospitalization rates of PPI-related SIADH were also investigated.

Results: The study identified a total of 273 reports of PPl-associated SIADH, which appeared to influence more
elderly than middle-aged patients (71.1% vs. 12.5%). Women were more affected than men (48.7% vs. 41.8%). Rabe-
prazole had a stronger SIADH association than other PPIs based on the highest reporting odds ratio (reporting odds
ratio=13.3, 95% confidence interval (Cl) =7.2, 24.9), proportional reporting ratio (proportional reporting ratio=13.3,
x>=113.7), and empirical Bayes geometric mean (empirical Bayes geometric mean =133, 95% Cl=7.9). The median
time to SIADH onset was 22 (interquartile range 6-692) days after PPl administration. PPl-associated SIADH generally
led to a 2.95% fatality rate and a 79.7% hospitalization rate. The highest hospitalization death rate occurred in esome-
prazole (91.2%).

Conclusion: According to our findings, more attention should be paid to SIADH within the first several months after
the administration of PPIs. For women older than 65 years, dexlansoprazole may reduce the incidence of PPl-associ-
ated SIADH. Nonetheless, larger epidemiological studies are suggested to verify this conclusion.
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Introduction

Proton pump inhibitors (PPI) block the activity of H,
K*-ATPase in gastric parietal cells and secretion of gas-
tric acid caused by any stimulation [1]. Since the late
1980s when omeprazole entered the clinic, PPIs have
been widely used for the treatment of a variety of acid-
related conditions, such as peptic ulcer disease and
gastroesophageal reflux disease [2-4]. Omeprazole,
esomeprazole, pantoprazole, lansoprazole, and rabepra-
zole all belong to the PPI family.

Over the last decades, the increased use of PPI has been
observed in many countries [5, 6]. Meanwhile, concerns
have been raised regarding potential adverse reactions
associated with PPI use. With the increase in the number
of epidemiological studies related to PPI, evidence has
emerged that PPIs are related to the occurrence of gas-
tric neoplasia, renal disease, fracture risk, dementia, liver
disease, and micronutrient deficiency [7—10]. Recent case
reports indicated that the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) is linked to
PPIs [11-13].

Our study was motivated by the paucity of studies
on PPl-related SIADH and differences between indi-
vidual PPIs remain unknown. Therefore, the purpose
of this retrospective study was to identify and compare
SIADH related to different PPIs by leveraging the reports
extracted from the Food and Drug Administration
Adverse Event Reporting System (FAERS).

Methods

Data source

This retrospective pharmacovigilance analysis was con-
ducted based on reports extracted from the FAERS data-
base. FAERS is a public adverse events database that
contains anonymized adverse events and medication
errors reported by healthcare professionals, manufactur-
ers, and consumers from all around the world since 1968.
The reports included for this study ranging between Jan-
uary 2004 and March 2020 were used for retrospective
inverse frequency analysis of the drugs involved. Among
a total of 196,482 records were included in the full FAERS
dataset, 273 were identified as reports for SIADH after
PPI treatment.

Terms for adverse events and drug identification

According to the Medical Dictionary for Regula-
tory Activities (version 23.0), SIADH reports second-
ary to PPIs were extracted from the FAERS database by

applying the preferred term” inappropriate antidiuretic
hormone secretion (Code: 10053198)” Since FAERS
does not use a unified drug coding system, omeprazole,
esomeprazole, pantoprazole, lansoprazole, rabepra-
zole, dexlansoprazole, and their brand names were used
to identify PPI-related records. Thus, MICROMEDEX
(Index Nominum) was chosen as a dictionary for data

mapping.

Data mining

Based on Bayesian and non-proportional analyses, the
reporting odds ratio (ROR), proportional reporting ratio
(PRR), Bayesian confidence propagation neural network
(BCPNN), and multi-item gamma Poisson shrinker
(MGPS) algorithms were used to investigate the relation-
ship between PPIs and STADH.

ROR was first proposed by the Dutch Pharmacovigi-
lance Center, where an adverse reaction signal is gener-
ated when the lower limit of the ROR 95% confidence
interval (CI) is >1 [14—16]. PRR along with x> are the
early methods for quantitative analysis of spontaneous
reporting systems. PRR>2 and x*>4 indicate that an
adverse reaction signal is generated [17]. BCPNN is a
set of methods for exploring adverse drug reaction sig-
nals established by the International Drug Monitoring
Cooperation Center in 2002 [18]. The core of the BCPNN
method is to calculate the information component (IC)
value [14, 19-21]. IC025 represents the lower limit of
the 95% two-sided CI. IC025>0 indicates that there is a
relationship between the suspected drug and the adverse
reaction. The size of the IC value reflects the strength
of the connection between the suspected drug and the
adverse reaction [18]. The core of the MGPS method
is to calculate the empirical Bayesian geometric mean
(EBGM) [22]. The calculation principle is similar to that
for the IC value. Finally, the 95% CI for EBGM is obtained
and the lower limit is expressed using EBGMO05. EBO5 > 2
serves as a prompt to generate a signal [22, 23].

In addition, the SIADH onset time, the interval
between adverse event occurrence date and PPI admin-
istration start date, was evaluated for different PPIs.
When the adverse event onset date was earlier than the
PPI administration start date, it is considered as a default
error to be excluded for further analysis.

Statistical analysis
Descriptive analysis was used to summarize the
demographic information for PPI-related SIADH. A
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Table 1 Basic demographic and clinical information of patients

with PPIs -associated SIADH (January 2004 to March 2020)
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Table 1 (continued)

Characteristics

Reports,no(%)

Characteristics Reports,no(%)

Reporting region

Europe

Asian

North America

Oceania

Unspecified
Reporters

Healthcare professionals

Non-healthcare professionals

Unspecified
Reporting year

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004
Sex of patients

Male

Female

Unknown or missing
Age groups (years)

<18

18-44

45-64

65-74

75-84

>85

Unknown or missing
PPIs as suspected drugs

Omeprazole

Lansoprazole

Pantoprazole

Rabeprazole

Esomeprazole

Dexlansoprazole
Indications for tumors of different sites

Gastroesophageal reflux disease

Peptic ulcer disease

222(81.3)
24 (8.8)
18 (6.6)
2(0.7)
7(2.6)

114 (48.7)
133 (41.8)
26 (9.5)

122 (44.7)
43(15.8)
64 (23.4)
10(3.7)
34 (12.5)
0(0.0)

37(17.1)
14(6.5)

Gastroduodenitis
Functional dyspepsia
Epigastric pain or discomfort

1
9
7
Non-specified gastrointestinal disorders 4
Eradication of Helicobacter pylori infection 4
Peptic ulcer-related gastrointestinal bleeding 2
Lower abdominal discomfort 2
Esophagitis 1
Other indications 2
Unknown or missing indications 98 (45.4)

PPIs Proton pump inhibitors, SIADH Inappropriate secretion of antidiuretic
hormone

non-parametric test was used to compare the onset time
for PPI-related SIADH between different PPIs. Mortality
rates between different PPIs were investigated using x* or
Fisher’s exact tests as needed. The statistical significance
was defined as P<0.05 with a 95% confidence interval
(CI). All analyses were conducted using GraphPad Prism
version 8.4.3 (GraphPad Software, Inc., USA).

Results

Descriptive analysis

The overview of SIADH used for PPIs is shown in
Table 1. There were a total of 273 reports of SIADH-
related PPIs identified. Over 80% of reports were from
Europe (81.3%), followed by 8.8% of cases from Asia.
85.7% of reports were submitted by healthcare profes-
sionals, accounting for the vast majority of all reports.
The number of PPI-related SIADH cases has gradually
increased between 2004 and 2020, peaking at 72 (26.4%)
in 2019. Excluding unspecified data, women account for
a larger cohort proportion than men (48.7% vs. 41.8%).
Similarly, patients aged 65 and over were more affected
than other patients (71.1% vs. 12.5%), where elderly
(75—84years old) individuals accounted for 30.0% of all
patients. Among PPIs, the most common adverse reac-
tion to SIADH was due to omeprazole (n=122, 44.7%)
followed by pantoprazole (n=64, 23.4%). Dexlansopra-
zole was not found in any SIADH reports to be associ-
ated with PPIs. Gastroesophageal reflux disease was
the main indicator of PPI (37, 17.1%), while peptic ulcer
ranked second (14, 6.2%).

Signals for PPl-associated SIADH

The correlation between PPIs and SIADH was evaluated
according to four algorithms (Table 2). Among all PPIs,
rabeprazole had the strongest relationship with SIADH
(ROR 13.4; PRR 13.3; EBGM 13.3), and omeprazole
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Table 2 Association of different PPIs with SIADH

Drug N ROR (95% ClI) PRR ()(2) 1C (1C025) EBGM (EBGMO5)
Omeprazole 122 9.7 (8.1,11.6)? 9.6 (920.1)? 3227)7° 94 (8.1)%
Lansoprazole 43 45 (3.3,6.0)° 44(113.9)° 2.1 (1.6)% 44 (3.4)°
Dexlansoprazole 0 0(=) 0(-) 0(—) 0(=)
Pantoprazole 64 6.9 (54, 8.9)° 6.9(319.1) 28((2.2)7° 6.8 (5.6)°
Rabeprazole 10 134 (7.2,24.9)° 13.3(113.7)° 3.7(20)0° 133 (7.9
Esomeprazole 34 0.6(0.5,0.9) 0.6(7.6) —0.7 (=) 0.6 (0.5)

PPIs Proton pump inhibitors, SIADH Inappropriate secretion of antidiuretic hormone, C/ Confidence interval, PRR Proportional reporting ratio, ROR Reported odds ratio,
IC Information component, /C025 Lower limit of the 95% two-sided confidence interval for IC

2 denotes significant signals

ranked second (ROR 9.7; PRR 9.6; EBGM 9.4). Esomepra-
zole was not associated with the SIADH signal according
to the resulting ROR, PRR, and EBGM values.

Onset time for PPl-associated SIADH

In general, the median time to onset of PPI-associated
SIADH was 22 (interquartile range [IQR] 6-692) days.
Figure 1 illustrates the SIADH onset for each PPI. It
is worth noting that in addition to pantoprazole, the
first dose of the PPI regimen may result in the imme-
diate occurrence of SIADH. In addition, SIADH may
occur after taking pantoprazole for 841-960days
(Fig. 1). The quick SIADH onset occurred in 45.4% of
all PPI-related SIADH cases, with the incidence for
omeprazole, lansoprazole, pantoprazole, rabeprazole,
and esomeprazole of 76.0, 75.0, 0.0, 100.0, and 70.0%
respectively. There was a significant difference in the
meantime to SIADH onset between pantoprazole and
omeprazole (Kruskal-Wallis test, P=0.03), pantopra-
zole and lansoprazole (Kruskal-Wallis test, P=0.04),
with the shortest median time of 13.5 (IQR 5-378)
days for lansoprazole and the longest of 1519 (IQR
849-1519) days for pantoprazole.

PPI-related SIADH fatality and hospitalization

The rates of SIADH mortality and hospitalization were
evaluated after various PPI treatments (Fig. 2). In total,
SIADH led to a 3.0% fatality rate and a 79.7% hospitali-
zation rate in patients administered PPIs. No signifi-
cant difference was exhibited in fatality rates between
different PPIs (Pearson’s chi-squared test for overall
comparison, P=0.20). However, a significant differ-
ence was exhibited in hospitalization rate between
different PPIs (Pearson’s chi-squared test for overall
comparison, P=0.01). Patients with esomeprazole-
related SIADH had the highest hospitalization rate
(91.2%), and patients with rabeprazole-induced SIADH
had the lowest hospitalization rate (44.4%).

Discussion

SIADH is defined by euvolemic hyponatremia due to
inappropriate retention of free water under the influence
of antidiuretic hormone. The etiologies are divided into
four major groups: tumors, drugs, central nervous system
disorders, and lung disorders [24, 25]. Clinical features
include water retention, increased urinary excretion,
and dilutional hyponatremia [26]. As we know, Tricyclic
antidepressants, selective serotonin reuptake inhibitors,
chlorpromazine, and carbamazepine can cause SIADH.
However, apart from case reports for drug-related
SIADH, there are few reports on PPI-related SIADH [27].
Moreover, the precise mechanism of SIADH secondary
to PPI is currently unclear because PPI-induced SIADH
is uncommon, and it is not yet clear whether there is a
difference between individual PPIs.

SIADH is considered a side effect of PPI-induced
hyponatremia [28]. However, some scientists disagree
with the SIADH side effect, suggesting renal salt waste
instead [28, 29]. It remains unclear whether periph-
eral processes are responsible for the difference in PPI-
induced severe hyponatremia between individual PPIs.
The present research results are based on the reported
adverse reactions in the FAERS database, where all
SIADH diagnoses have been verified through the reports.
The data and results were related to SIADH but PPI-
related hyponatremia.

Although SIADH related to PPI has received clinical
attention, the current related research are limited to case
reports due to its extremely low incidence [11-13, 30].
No randomized controlled trials and cohort studies are
identified. Therefore, we cannot make a clear conclusion
regarding the safety of PPIs. The present research shows
that the number of reports with an increasing trend con-
tributed to more than 26.37% of cases in 2019. It is worth
noting that SIADH was not found to be related to dex-
lansoprazole in the FAERS database, which is consistent
with previous publications of PPI-related STADH [11-13,
30]. A large case-control study showed that there is an
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association between any newly started PPI treatment
except for lansoprazole and hospitalization caused by
hyponatremia [27]. There are two possible reasons for the
association. First, there may be fewer reports on dexlan-
soprazole, since it is the latest drug on the market among
the six PPIs. Second, the search was limited to the arti-
cles written in English. Dexlansoprazole was developed
in Japan, and FAERS data primarily focuses on the prod-
ucts in European and American countries.

In this literature search, healthcare professionals’
reports accounted for the largest proportion of studies,
indicating that PPI-related SIADH did not attract the
attention of other researchers. Literature on PPI-related
SIADH mainly published as case reports indicate that the
clinicians are concerned with this topic. It was also found
that the elderly are more likely to develop PPI-related
SIADH, indicating that age is a risk factor for STADH.
The older is a patient, the greater is the chance of inci-
dence. The elderly usually have comorbidities, poor phys-
ical fitness, and a higher incidence of SIADH [25]. The
incidence in women was also greater than that in men
(48.72% vs. 41.76%), demonstrating gender differences
in the adverse reactions to PPIs. Also in other large stud-
ies, women and the elderly are more affected by hypona-
tremia [31]. Previous studies have shown that men are

more likely to suffer from peptic ulcers and gastroe-
sophageal reflux gastritis compared to women [32—34],
indicating that men have a greater chance of using PPIs.
The present study shows that women are more likely to
develop PPI-related SIADH, which may be due to the
missing data in the FAERS database or incorrect report-
ing. Thus, a larger sample is needed to demonstrate the
gender difference in PPI-related STADH.

It was also found that the median time to onset of
SIADH is 22 days with PPI use, suggesting that monitor-
ing of the phenomena may be needed as soon as PPIs
are started. From the perspective of the average time
of SIADH occurrence, the onset time for the five PPIs
ranges from half a month to three years, indicating that
individual monitoring strategies need to be implemented
after managing PPIs. Oral urea and vasopressin 2 antago-
nists are effective treatments for treating SIADH when
conservative measures fail [35].

The present research has certain advantages. First,
FEARS, the FDA’s adverse event reporting database
provides a great opportunity to find rare adverse reac-
tions, such as PPI-related SIADH. Second, to the best
of our knowledge, this study is the first and largest real-
world pharmacovigilance study comparing SIADH after
using PPIs based on the FAERS database. Third, the
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Fig. 2 The number of fatality and hospitalization, hospitalization rates, fatality rates for PPI-associated SIADH.

, Hospitalization rate; i , Fatality

comparison between the onset time and prognosis of
SIADH is expected to serve as a reference for clinical
decision-making.

Although this study has some advantages, some restric-
tions are specific to the FAERS database and should be
considered when interpreting these results. First, the
FAERS database includes some wrong information and
may bias the results. Second, the available Aviation Safety
Reporting System (ASRS) data only applies to patients
with side effects. Despite the FAERS database has indi-
cated it is improper to use the data to infer the prevalence
of any adverse events, we must emphasize that the total
number of patients being treated is unavailable, and thus
some relevant statistics cannot be calculated. Third, non-
proportional analysis results can only demonstrate an
association but causality. Fourth, submission of a report
may be biased, and it does not mean that the informa-
tion included in it has been medically confirmed nor it
is an admission from the reporter that the drug caused
or contributed the event. They may be biased because
of increased awareness affected by negative news and
biased in their reporting of adverse events, which may
result in spurious time trends. On the contrary, the bias
may be applicable to under-reporting. There also exists a
higher likelihood of adverse effects of newer drugs being

reported recently, while drugs with well-known adverse
effects are probably not reported as often. Formal phar-
macoepidemiologic studies may be needed to overcome
such biases. Although the FAERS database has some
limitations, it illustrates some important aspects of PPI-
related STADH and provides clues for further studies.

Conclusion

With the increased usage of PPI regimens in recent years,
PPI-associated SIADH is on the rise. The present study
found that PPIs are associated with SIADH, except for
dexlansoprazole. This study also found that rabeprazole
may have a stronger correlation with STADH. Moreover,
the SIADH onset time is significantly different between
pantoprazole and omeprazole, pantoprazole and lanso-
prazole. Women older than 65years may be more sensi-
tive to PPI-associated SIADH. Further epidemiological
research is needed to confirm these results and investi-
gate the underlying mechanisms.

Acknowledgments

The authors thank Professor Yang GONG from the School of Biomedical Infor-
matics at University of Texas Health Science Center at Houston And Professor
Zuojing LI from the School of Medical Devices at Shenyang Pharmaceutical
University for critical reading of the manuscript.



Wang et al. BMC Nephrology ~ (2022) 23:191

Authors’ contributions

Mengmeng WANG, ZHANG Lingjian, JIA Min, and Junyan WANG contributed
equally to this work. They analyzed and interpreted the data, and wrote the
manuscript draft. Zhiwen SHEN, Shuyue WANG, Xinghui ZHANG, and Jing XU
participated in the analysis of data. Zheng ZHENG, Xuanrui LV, Xiaoyu ZONG,
Hui LI, Jin ZHOU, CHEN Mingzhu, and Tong MENG participated in the genera-
tion the figures and tables. Bin ZHAO and Jian GONG designed the study and
directed the data mining in the FAERS database. Bin ZHAO and Jian GONG
corrected the manuscript. All authors reviewed and corrected the manuscript.
The author(s) read and approved the final manuscript.

Funding
No funding received for this study.

Availability of data and materials

The datasets generated during and analyzed during the current study are not
publicly available due to the research in progress, but are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

We collected data used the Food and Drug Administration Adverse Event
Reporting System, and all methods were performed in accordance with the
declaration of Helsinki. https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-
QDE-FAERS.html.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Research Group of Jian Gong on Pharmacoepidemiology and Clinical Drug
Evaluation, School of Life Science and Biopharmaceutics, Shenyang Phar-
maceutical University, PO.Box 88, No.103 Wenhua Road, Shenyang 110016,
PR. China. 2Department of Pharmacy, Chengdu Fifth People’s Hospital,
Chengdu 611130, PR China. *Department of Pharmacy, Peking Union Medical
College Hospital, Beijing 100730, PR China.

Received: 11 March 2021 Accepted: 5 May 2022
Published online: 19 May 2022

References

1. DubeyV, Han M, Kopec W, Solov'yov IA, et al. K* binding and pro-
ton redistribution in the E,P state of the H, K*-ATPase. Sci Rep.
2018;8(1):1-11.

2. Maes ML, Fixen DR, Linnebur SA. Adverse effects of proton-pump
inhibitor use in older adults: a review of the evidence. Ther Adv Drug Saf.
2017,8(9):273-97.

3. Kim JS, Kim BW, Kim DH, et al. Guidelines for non-variceal upper gastroin-
testinal bleeding. Korean J Gastroenterol. 2020;75(6):322-32.

4. Stanley AJ, Laine L. Management of acute upper gastrointestinal bleed-
ing. BMJ. 2019;364:1536.

5. Halfdanarson OO, Pottegard A, Bjornsson ES, et al. Proton-pump inhibi-
tors among adults: a nationwide drug-utilization study. Ther Adv Gastro-
enterol. 2018;11:1-11.

6. Pottegard A, Broe A, Hallas J, de Muckadell OB, Lassen AT, Lodrup AB.
Use of proton-pump inhibitors among adults: a Danish nationwide drug
utilization study. Ther Adv Gastroenterol. 2016;9(5):671-8.

7. Yuan J, Zhang C, Sparks JA, et al. Regular use of proton pump inhibitor
and risk of rheumatoid arthritis in women: a prospective cohort study.
Aliment Pharmacol Ther. 2020;52(3):449-58.

8. Fossmark R, Martinsen TC, Waldum HL. Adverse effects of proton pump
inhibitors-evidence and plausibility. Int J Mol Sci. 2019;20(20):5203.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 7 of 8

Brisebois S, Merati A, Giliberto JP. Proton pump inhibitors: review of
reported risks and controversies. Laryngoscope Investig Otolaryngol.
2018;3(6):457-62.

Xavier S, Magalhaes J, Cotter J. Proton pump inhibitors: are they a real
threat to the patient? GE Port J Gastroenterol. 2018;25(5):243-52.

. Aratani S, Matsunobu T, Kawai T, et al. Syndrome of inappropriate

secretion of antidiuretic hormone caused by very short-term use of
proton pump inhibitor. Keio J Med. 2020. https://doi.org/10.2302/kjm.
2020-0008-CR.

van der Zalm 1JB, Tobe TJM, Logtenberg SJJ. Omeprazole-induced and
pantoprazole-induced asymptomatic hyponatremia: a case report. J Med
Case Rep. 2020;14(1):83.

Ferreira F, Mateus S, Santos AR, Moreira H, Ferreira NR. Pantoprazole-
related symptomatic hyponatremia. Eur J Case Rep Intern Med.
2016;3(2):000341.

van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M, Orre R, Egberts AC.
A comparison of measures of disproportionality for signal detection in
spontaneous reporting systems for adverse drug reactions. Pharmacoepi-
demiol Drug Saf. 2002;11(1):3-10.

Szumilas M. Explaining odds ratios. J Can Acad Child Adolesc Psychiatry.
2010;19(3):227-9.

Ooba N, Kubota K. Selected control events and reporting odds ratio

in signal detection methodology. Pharmacoepidemiol Drug Saf.
2010;19(11):1159-65.

Evans SJ, Waller PC, Davis S. Use of proportional reporting ratios (PRRs)
for signal generation from spontaneous adverse drug reaction reports.
Pharmacoepidemiol Drug Saf. 2001;10(6):483-6.

Bate A, Lindquist M, Edwards IR, Orre R. A data mining approach for signal
detection and analysis. Drug Saf. 2002;25(6):393-7.

Hauben M, Madigan D, Gerrits CM, Walsh L, Van Puijenbroek EP. The

role of data mining in pharmacovigilance. Expert Opin Drug Saf.
2005;4(5):929-48.

Noren GN, Bate A, Orre R, Edwards IR. Extending the methods used

to screen the WHO drug safety database towards analysis of com-

plex associations and improved accuracy for rare events. Stat Med.
2006;25(21):3740-57.

Hauben M. A brief primer on automated signal detection. Ann Pharma-
cother. 2003;37(7-8):1117-23.

Szarfman A, Machado SG, O'Neill RT. Use of screening algorithms and
computer systems to efficiently signal higher-than-expected combina-
tions of drugs and events in the US FDA's spontaneous reports database.
Drug Saf. 2002;25(6):381-92.

DuMouchel W. Bayesian data mining in large frequency tables, with

an application to the FDA spontaneous reporting system. Am Stat.
1999;53(3):177-90.

Martin J, Burnier M, Lu H. Approach to the syndrome of inappro-

priate antidiuretic hormone secretion (SIADH). Rev Med Suisse.
2018;14(628):2116-20.

Yasir M, Mechanic OJ. Syndrome of Inappropriate Antidiuretic Hormone
Secretion.2020; Cited 14 Apr 2020. Available from URL: https://www.ncbi.
nim.nih.gov/books/NBK507777/

Verbalis JG, Goldsmith SR, Greenberg A, et al. Diagnosis, evaluation, and
treatment of hyponatremia: expert panel recommendations. Am J Med.
2013;126(10 Suppl 1):51-42.

Falhammar H, Lindh JD, Calissendorff J, Skov J, Nathanson D, Mannhe-
imer B. Associations of proton pump inhibitors and hospitalization due to
hyponatremia: a population-based case-control study. Eur J Intern Med.
2019;59:65-9.

Liamis G, Milionis H, Elisaf M. A review of drug-induced hyponatremia.
Am J Kidney Dis. 2008;52(1):144-53.

Brewster UC, Perazella MA. Proton pump inhibitors and the kidney: criti-
cal review. Clin Nephrol. 2007,68(2):65-72.

Engelen A, Christiaens P, Bossuyt P, et al. Syndrome of inappropriate anti-
diuretic hormone secretion caused by proton pump inhibitor use. Acta
Gastroenterol Belg. 2018;81(4):542.

Falhammar H, Skov J, Calissendorff J, et al. Associations between antihy-
pertensive medications and severe hyponatremia: a Swedish population-
based case-control study. J Clin Endocrinol Metab. 2020;105(10):dgaa194.
Cuesta M, Thompson CJ. The syndrome of inappropriate antidiuresis
(SIAD). Best Pract Res Clin Endocrinol Metab. 2016;30(2):175-87.


https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
https://doi.org/10.2302/kjm.2020-0008-CR
https://doi.org/10.2302/kjm.2020-0008-CR
https://www.ncbi.nlm.nih.gov/books/NBK507777/
https://www.ncbi.nlm.nih.gov/books/NBK507777/

Wang et al. BMC Nephrology

33.

34

35.

(2022) 23:191

Lin KJ, Garcia Rodriguez LA, Hernandez-Diaz S. Systematic review of pep-
tic ulcer disease incidence rates: do studies without validation provide
reliable estimates? Pharmacoepidemiol Drug Saf. 2011;20(7):718-28.
Quan S, Frolkis A, Milne K, et al. Upper-gastrointestinal bleeding second-
ary to peptic ulcer disease: incidence and outcomes. World J Gastroen-
terol. 2014,20(46):17568-77.

Chen TS, Chang FY.The prevalence and risk factors of reflux esophagi-

tis among adult Chinese population in Taiwan. J Clin Gastroenterol.
2007;41(9):819-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Syndrome of inappropriate antidiuretic hormone secretion is associated with different proton pump inhibitor use: a pharmacovigilance study
	Abstract 
	Aim: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Data source
	Terms for adverse events and drug identification
	Data mining
	Statistical analysis

	Results
	Descriptive analysis
	Signals for PPI-associated SIADH
	Onset time for PPI-associated SIADH
	PPI-related SIADH fatality and hospitalization

	Discussion
	Conclusion
	Acknowledgments
	References


