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Background: The association between bacterial infections
and proton pump inhibitors (PPIs) has recently been studied
with debatable results. Aim: The aim of this study was to in-
vestigate the relationship between PPIs and the develop-
ment of spontaneous bacterial peritonitis (SBP) or other bac-
terial infections in cirrhotic patients. Materials and Meth-
ods: Consecutive cirrhotic patients hospitalized from 2007
through 2012 to Hamad General Hospital-, Doha, Qatar,
were enrolled and classified as PPl users or non-users accord-
ing to PPl consumption in the 90 days prior to hospitaliza-
tion. Cirrhosis was clinically diagnosed by a combination of
physical, biochemical, radiological, and endoscopic find-
ings, or by liver biopsy. Results: A total of 333 patients were
included in this study, of whom 171 (51.4%) used PPIs and
162 (48.6%) did not use PPIs. PPl users were significantly old-
erin age (p = 0.001). There was no statistical difference be-
tween the 2 groups in sex distribution and etiology of cirrho-
sis (p > 0.05 for both parameters). PPl users had a significant-

ly higher incidence of overall bacterial infection (38%) than
non-PPI users (13.6%), p = 0.0001. Statistical significance is
observed specifically for SBP and chest infection (p = 0.0006
and p =0.01, respectively). In multivariate analysis, older age
(>60 years; OR = 1.246, 95% Cl 1.021-08.486; p = 0.02), and
PPl use (OR = 2.149, 95% Cl 1.124-06.188; p = 0.01) were in-
dependent predicting factors for SBP and overall bacterial
infection. Conclusion: The present study shows that PPl use,
aswell as older age (>60 years), was an independent predict-
ing factor for the development of overall infection and SBP
in hospitalized cirrhotic patients. Unless it is indicated, PPI
therapy should be avoided in this group of patients, particu-
larly in those older than 60 years of age.
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Resumo

Introducdo: A associacdo entre infe¢des bacterianas e os
Inibidores da bomba de protdes (IBPs) tem vindo a ser es-
tudada com resultados discutiveis. Objetivo: O objetivo
deste estudo foi investigar a relagcao entre IBPs e o desen-
volvimento de peritonite bacteriana espontanea (PBE) ou
outras infecoes bacterianas em doentes cirréticos. Mate-
rial e Métodos: Doentes consecutivos com cirrose hospi-
talizados entre 2007 e 2012 no Hamad General Hospital-
Qatar foram selecionados e classificados como utiliza-
dores ou ndo utilizadores de IBPs de acordo com o seu
consumo nos 90 dias prévios ao internamento. A cirrose
foi clinicamente diagnosticada por uma combinacdo de
achados no exame fisico, no estudo bioquimico, ra-
diolégico e endoscédpico; ou por biopsia hepatica. Resul-
tados: Um total de 333 doentes foi incluido neste estudo,
171 (51.4%) medicados com IBPs e 162 nao (48.6%). Os
utilizadores de IBPs eram significativamente mais velhos
(p=10.001). Nao se observaram diferencas estatisticas en-
tre os dois grupos no que se refere ao sexo ou etiologia da
cirrose (p > 0.05 para os dois parametros). A incidéncia
global de infecbes bacterianas foi significativamente su-
perior nos utilizadores de IBPs (38%) do que nos ndo uti-
lizadores (13.6%), p = 0.0001. O significado estatistico de-
sta diferenca foi observado especificamente para a PBE e
para as infecdes pulmonares (p =0.0006 e p=0.01, respe-
tivamente). Na andlise multivariada, a idade superior a 60
anos (OR = 1.246, 95% Cl 1.021-08.486; p = 0.02), e a uti-
lizacdo de IBPs (OR =2.149,95% Cl 1.124-06.188; p = 0.01)
foram fatores preditivos independentes para PBE e para
infecdo bacteriana no global. Conclusdo: Este estudo
mostra que a utilizagao de IBPs, assim como a idade supe-
rior a 60 anos, sao fatores preditivos independentes para
o desenvolvimento de infe¢des bacterianas no global e
para PBE nos doentes cirréticos hospitalizados. A nao ser
que esteja especificamente indicado a utilizacdo de IBPs
deve ser evitada neste grupo de doentes, particularmente
naqueles com idade superior a 60 anos.

© 2018 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Since the introduction of proton pump inhibitors
(PPIs) to the biopharmaceutical market in the late 1980s,
this class of drugs has had a tremendous impact on pa-
tient care, clinical practice, and research development.
Compared to other antacid drugs, PPIs were initially
thought to have an excellent safety profile, resulting in
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their widespread use in both inpatient and ambulatory
settings [1, 2]. After more than 25 years of clinical post-
marketing experience, improved reporting, and closer
scrutiny, several serious adverse effects associated with
the long-term use of PPIs have emerged. These include
increased risks of falls and fractures in postmenopausal
women [3], a reduction of renal and liver function, and
an increased risk of community-acquired and nosocomi-
al pneumonia [4, 5]. PPIs are also found to be an indepen-
dent risk factor for Clostridium difficile infection even
with a very short-term use of 2 days in the intensive care
setting [6].

The possible association between PPI use and in-
creased risk of spontaneous bacterial peritonitis (SBP)
and overall bacterial infection in cirrhotic patients is a
debatable subject in the medical literature. While some
authors point to a straight causative effect, others are not
so sure. Furthermore, to our knowledge, this issue has
never been investigated in the State of Qatar or in any
other Arab country. The aim of this study is to evaluate
the possible relationship between the use of PPIs and the
development of bacterial infections in cirrhotic patients
and whether PPI use increases the risk of SBP develop-
ment in such patients at the main tertiary care center in
Qatar.

Study Population and Setting

Consecutive cirrhotic patients >18 years of age hospitalized
from 2007 through 2012 to Hamad General Hospital were enrolled
in this study. Hamad General Hospital is a 620-bed tertiary center
that covers all specialties and is affiliated to Hamad Medical Corpo-
ration in Qatar. Data were collected retrospectively from the medi-
cal records using a data collection form including age, gender, etiol-
ogy ofliver cirrhosis, presence of other comorbidities, and the cause
of hospital admission. Other characteristics of cirrhotic patients
who were admitted to the medical wards and/or medical intensive
care unit of the hospital included acute cirrhotic complications such
as hepatic encephalopathy, variceal bleeding, SBP or other infec-
tions, refractory ascites, hepatorenal syndrome, and first diagnosis
of hepatocellular carcinoma. Cirrhotic patients with active gastro-
intestinal bleeding, disseminated malignancies, undergoing immu-
nosuppressive therapy, or using antibiotics in the previous 2 weeks
prior to hospitalization were excluded from this study.

Acid-Suppressive Medication Exposure

To determine drug exposure, medical records were reviewed
for PPI use in the 90 days prior to hospitalization, and each subject
was classified as PPI user versus non-PPI user. Exposure to acid-
suppressive medication was defined as any order for a prescription
of PPI or histamine-2 receptor antagonists (H2RAs). The PPIs in-
cluded were either pure or compound medication containing
omeprazole, lansoprazole, esomeprazole, pantoprazole, or rabe-
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Table 1. Comparison of baseline characteristics between PPI users and non-PPI users (n = 333)

Independent variables PPI users Non-PPT users p value
(n=171) (n=162)
Demographics
Mean age + SD, years 55.3x11.7 50.2%11.8 0.0001
Males 126 (73.7) 134 (82.7) 0.46
Comorbidities
Smoker 55 (32.2) 48 (29.6) 0.617
Diabetes mellitus 94 (55) 59 (36.4) 0.001
Hypertension 66 (38.6) 35(21.6) 0.001
Chronic kidney disease 9 (5.3) 3(1.9) 0.097
Etiology of cirrhosis
Chronic hepatitis B 27 (15.8) 28 (17.3) 0.714
Chronic hepatitis C 64 (37.4) 55 (34) 0.508
Alcoholic liver disease 45 (26.3) 49 (30.2) 0.426
Autoimmune hepatitis 5(2.9) 3(1.9) 0.523
Primary biliary cirrhosis 3(1.8) 3(1.9) 0.947
Cardiac cirrhosis 1(0.6) 0(0) 0.330
Cryptogenic cirrhosis 38 (22.2) 29 (17.9) 0.326
Other causes 5(2.9) 7 (4.3) 0.494
Child-Pugh score
A 64 (37.4) 71 (43.8) 0.194
B 65 (38.0) 56 (34.6) 0.514
C 42 (24.6) 35(21.6) 0.522

Values are expressed as 1 (%), unless otherwise indicated. PPI, proton pump inhibitor; SD, standard deviation.

prazole. H2RAs included any drugs containing ranitidine, cimeti-
dine, or famotidine. A cumulative treatment period for >7 days
was required for inclusion. Unexposed status was defined as no
prescription or cumulative treatment period of <7 days in the last
90 days prior to hospital admission.

Case Diagnosis and Definitions

The diagnosis of liver cirrhosis was established by a combina-
tion of physical, biochemical, radiological and endoscopic find-
ings, or by liver biopsy. The decision of liver biopsy was based on
the clinical needs as well as the patient’s choice and consent. Infec-
tion was defined according to standard criteria [7, 8]: (1) SBP: as-
citic fluid polymorphonuclear cells more than 250 cells/mm?; (2)
spontaneous bacteremia: positive blood cultures without a known
source; (3) chest infection: new pulmonary infiltrate in the pres-
ence of (a) atleast 1 respiratory symptom (cough, sputum produc-
tion, dyspnea, pleuritic chest pain) with (b) at least 1 finding on
auscultation (rales or crepitation) or signs of infection (i.e., with at
least 2 of the following: (a) a core body temperature >38 °C or
<36°C, (b) tachycardia with a heart rate above 90 beats per minute
at rest, a respiratory rate of more than 20 breaths per minute, and/
or shivering or a leukocyte count >10,000/mm? or <4,000/mm?)
[9] in the absence of antibiotics; and (4) urinary tract infection:
urine white blood cell >15/high power field with either a positive
urine gram stain or culture.

Statistical Analysis
Analysis used were x> for categorical variables expressed as
number (percent) and the independent f test for continuous vari-
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ables (e.g., age) expressed as the mean + standard deviation. Mul-
tivariate logistic regression analysis was used to produce the pre-
diction model for infections in cirrhotic patients.

Study Population and Use of PPIs

A total of 333 cirrhotic patients were included in this
study, and 78.1% of them were male. Hepatitis C infection
(35.7%), alcohol abuse (20.1%), and hepatitis B infection
(16.5%) were the main etiologies of cirrhosis. The pres-
ence of SBP was detected in 61 (18.3%) patients, and the
severity of liver disease according to the Child-Pugh score
was significantly associated with the risk of SBP develop-
ment (HR = 1.9, 95% CI: 1.21-3.80, p = 0.01 in Child-
Pugh B patients and HR = 4.10, 95% CI: 1.87-7.86, p =
0.001 in Child-Pugh C patients). There were 171 (51.4%)
patients using PPIs and 162 (48.6%) not using PPIs. Only
4 patients in the PPI-user group had a history of a prior
consumption of H2RAs. Specific indication for PPI use
was not documented in 143 (43%) of our patients. Table
1 shows the comparison of demographic and clinical data
between the 2 groups. PPI users were significantly older
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Table 2. Comparison of the infection rate in PPI users and non-PPI users in all age groups

PPI users Non-PPI users p value
(n=171) (n=162)
Spontaneous bacterial peritonitis 44 (25.7) 17 (10.5) 0.0006
Chest infection 9 (5.3) 1 (0.6) 0.01
Urinary tract infection 1(0.6) 1(0.6) 0.33
Septic shock 11 (6.4) 9 (5.5) 0.39
Total infections 65 (38) 22 (13.6) 0.0001

Values are expressed as n (%). PPI, proton pump inhibitor.

Table 3. Comparison of the infection rate in patients older >60 years between PPI users and non-PPI users

PPI users Non-PPI users p value
(n=70) (n=29)
Spontaneous bacterial peritonitis 23(32.8) 2(6.9) 0.014
Chest infection 4 (5.7) 1(3.4) 0.515
Septic shock 6 (8.5) 2(6.9) 1.455
Total infections 33 (47.1) 5(17.2) 0.0001

Values are expressed as n (%). PPI, proton pump inhibitor.

Table 4. Predictors of infection in cirrhotic patients (n = 333)

Independent variable Odds ratio p value
Age (>60 years) 1.246 0.02
Females 1.638 0.177
Diabetes mellitus 1.035 0.918
Hypertension 0.345 0.005
Smoking 1.057 0.869
Renal failure 3.250 0.071
PPI users 2.149 0.012

Multivariate logistic regression analysis of infection in cirrhotic
patients as dependent variable. PP, proton pump inhibitor.

in age (p = 0.0001), and there was no statistical difference
between the 2 groups in gender distribution, etiology of
cirrhosis, and Child-Pugh score (p > 0.05 for all parame-
ters). As shown in Table 2, PPI users had a significantly
higher incidence of overall bacterial infection rate (38%)
than non-PPI users (13.6%; p = 0.0001). Statistical sig-
nificance is observed specifically for SBP and chest infec-
tion (p = 0.0006 and p = 0.01, respectively). In a subgroup
analysis for patients older than 60 years of age, PPI users
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had a significantly higher overall bacterial infection rate
(47.1%) than non-PPI users (10.3%; p = 0.0001). For SBP,
the rate in PPI users was also higher (32.8%) than in non-
PPI users (6.9%; p = 0.0014) (Table 3).

Multivariate Analysis

On the multivariate analysis, age >60 years (OR =
1.246, 95% CI 1.021-08.486; p = 0.02) and PPI use (OR =
2.149, 95% CI 1.124-6.188; p = 0.012) were independent
predicting factors for SBP and overall bacterial infection
(Table 4).

The present study has shown that the use of PPIs in
patients with liver cirrhosis is an independent risk factor
for overall infection and SBP development, hence support
an association between PPI use and SBP. PPIs have been
widely used worldwide since their introduction around 3
decades ago. A growing list of their adverse effects is be-
ing compiled. In an early study, acid-activated omepra-
zole was documented to inhibit in vitro human neutro-
phil phagocytosis and phagolysosome acidification [10].
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Another small study (blood samples from 10 healthy sub-
jects) documented the impairment of reactive oxygen in-
termediates by human neutrophils after omeprazole ad-
ministration. This finding possibly alludes to the bacteri-
cidal activity of reduced neutrophils [11].

Patients with liver cirrhosis usually suffer from a poor
synthetic function with a decreasing albumin production.
There is a growing body of evidence that they suffer from
a complex and not fully understood cirrhosis-associated
immune dysfunction syndrome [12]. The evolving expla-
nation for this impaired immunity includes: a decrease in
T-helper cells and phagocytic potential of both mono-
cytes and neutrophils [13], an increased level of cycloox-
ygenase-derived eicosanoid prostaglandin E2 [14], and a
decreased HLA-DR expression on monocytic cells de-
fined as immune paralysis [15].

The use of PPIs in patients with cirrhosis may further
degrade their already compromised immune system.
Garcia-Martinez and coworkers have recently demon-
strated that PPIs significantly decrease granulocyte and
monocyte cellular oxidative burst in patients afflicted
with cirrhosis; a pathogenic finding that possibly explains
the reported high rates of bacterial infections in these pa-
tients [16]. The most common infection is SBP [17]. The
mechanism of development of SBP in cirrhotic patients is
not fully explicated; however, increased intestinal perme-
ability, altered intestinal motility, and increased small in-
testinal bacterial overgrowth may play an important role
in facilitating bacterial translocation [18, 19]. PPIs have
been identified as an important factor for increased small
intestinal bacterial overgrowth [20].

In the clinical setting, the role of PPIs in the pathogen-
esis of SBP in cirrhotic patients has been hotly debated for
the last decade. When it comes to PPI use and SBP asso-
ciation, we can clearly identify 2 opposite groups. The
first one is made of authors who concluded that there is
no causative effect. An example is the 2008 case-control
study by Campbell et al. [21] that included 116 consecu-
tive cirrhotic patients. A second retrospective study by
Mandorfer et al. [22] that enrolled a larger number of
subjects (607 consecutive patients) reported no associa-
tion between PPI use and SBP or other infections or mor-
tality. Another large prospective study involved 770 de-
compensated cirrhotic consecutive patients in 23 hospi-
tals in Argentina and failed to demonstrate an association
between PPI therapy and an increased risk of SBP [23]. In
a more recent retrospective cohort study that enrolled
307 cirrhotic patients with a previous SBP in Korea, the
incidence of second SBP did not statistically differ be-
tween PPI users and non-PPI users who were followed up

SBP in Cirrhotics Using PPIs

for 5 years [24]. Furthermore, a more recent cohort study
conducted in southern Brazil that enrolled 258 cirrhotic
patients with ascites did not confirm the high risk of SBP
development in PPI users compared to PPI-non users
[25].

The second group of authors claims the opposite view.
They advocate a direct correlation between PPI use and
the increased risk of developing SBP. Their number has
been increasing recently, and their evidence is growing
stronger. We identified many studies in this respect, in-
cluding 3 meta-analyses. The first one, conducted in
2011, included 4 studies involving 772 patients. It found
a significant association between PPI use and the devel-
opment of SBP (OR 2.77, 95% CI 1.82-4.23) [26]. In
2013, a second meta-analysis that reviewed 8 studies was
conducted. It examined the association between acid-
suppressive therapy (PPI and H2RAs) in cirrhotic pa-
tients and the risk of developing SBP. This risk was great-
er in subjects on PPI treatment (n = 3,815; OR 3.15,95%
CI2.09-4.74) compared to those taking H2RAs (1 = 562;
OR 1.71,95% CI 0.97-3.01). Authors concluded that pa-
tients with cirrhosis receiving PPIs have approximately 3
times the risk of developing SBP compared with those
not taking these medications [27]. More recently, in
2015, a third meta-analysis reviewed 17 studies pub-
lished between 2008 and 2014 (12 journal articles and 5
conference abstracts) involving 8,204 patients. These
studies were conducted with North American (8 stud-
ies), European (4 studies), South East Asian (4 studies),
and South American (1 study) populations; none of them
examined the Arabic population. The result showed that
PPI use in cirrhotic patients was significantly associated
with an increased risk of SBP (OR 2.17, 95% CI 1.46-
3.23) and an overall risk of bacterial infection (OR 1.98,
95% CI 1.36-2.87) [28]. Many other investigations in the
medical literature confirm this association. A large Ko-
rean study (1,140 patients) by Kwon et al. [29] confirmed
that PPI use (within 30 days) in cirrhotic patients having
ascites increased their risk of developing SBP, especially
in the elderly and in patients with a high model for end-
stage liver disease score on admission. Further, the mor-
tality risk was also found to be higher in this group of
patients. Another recent Taiwanese case-control study
published in 2015 identified a total of 947 patients among
86,418 patients with advanced liver cirrhosis using acid
suppression. It further confirmed the risk of developing
SBP with higher cumulative days of gastric acid suppres-
sion being associated with a higher risk of infection
(p < 0.0001) [19]. In a more recent study, the use of PPIs
has been found to be a risk factor for developing hepatic
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encephalopathy and SBP in cirrhotic patients with ascites
[30].

The present study included 333 cirrhotic patients be-
tween 2007 and 2012. It further solidified the argument
that PPI use and older age (>60 years) are independent
risk factors for the development of SBP in these patients.
We side with all prior authors that further trials (espe-
cially prospective comparative ones) will probably shed
more light on all potential adverse effects of PPIs in pa-
tients with liver cirrhosis. We also recommend that ade-
quate precautions are taken to utilize such treatment in
cirrhotic patients only when benefit may outweigh poten-
tial harm.

In conclusion, the evidence that PPIs pose health risks
in certain patient populations is expanding. Cirrhotic pa-
tients receiving this form of therapy seem to have a high-
er risk of developing SBP. The present study shows that
PPI use, as well as older age (>60 years), was an indepen-
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