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ABSTRACT 

Background: The risk of spontaneous bacterial peritonitis (SBP) associated with proton pump inhibitor (PPI) use has been raised in 
cirrhotic patients with ascites. However, this is based on case–control studies, often with a small series. 

Aim: To determine whether PPI use increases the risk of SBP using a large cohort 

Methods: This retrospective cohort study included 1965 cirrhotic patients with ascites diagnosed between March 2020 and 
August2023. The SBP incidence rate was compared between the PPI and non-PPI groups before and after propensity score matching 
to reduce the effect of selection bias and potential confounders. Multivariate analysis was conducted to confirm the association of 
PPI use with SBP. 

Results: After excluding 411 patients, 1554 were analysed. Among them, 512 patients (32.9%) were included in the PPI group. The 
annual SBP incidence rate was higher in the PPI group than in the non-PPI group (10.6% and 5.8%, P = 0.002) before matching. 
Indications for PPI use and dose of PPI were similar between patients with and without SBP. In the propensity score matched cohort 
(402 pairs), the SBP incidence rate was also higher in the PPI group than in the non-PPI group (10.8% vs. 6.0%, P = 0.038). Multivariate 
analysis revealed that PPI use (Hazard ratio 1.396; 95% confidence interval, 1.057–1.843; P = 0.019) was the independent risk factor 
for SBP. 

Conclusion: Proton pump inhibitor use significantly increases the risk of spontaneous bacterial peritonitis in cirrhotic patients with 
ascites. Proton pump inhibitor use should be undertaken with greater caution and appropriately in patients with cirrhosis.  

Keywords: PPI (Proton pump inhibitors), SBP (Spontaneous Bacterial peritonitis), BT (Bacterial Trannslocation), SIBO (mall intestinal 
Bacterial Overgrowth), CDI (Clostridium Difficile Infection). 

 
INTRODUCTION 

roton pump inhibitors (PPIs) are the most commonly 
used drugs worldwide.1 Due to the effect of potent 
acid suppression, PPIs are effectively used in gastro-

oesophageal reflux disease (GERD) and peptic ulcer 
treatment.2–6 However, there are growing concerns about 
the association between PPI use and several potential 
adverse effects, including enteric infections, pneumonia, 
bone fractures and cardiovascular risk stemming from its 
interaction with clopidogrel.7–10. Spontaneous bacterial 
peritonitis (SBP) is the most frequent and life-threatening 
infection in patients with advanced liver cirrhosis.11 
Bacterial translocation (BT) is the common cause of SBP 
and transient bacteremia due to invasive procedures could 
be other source particularly in nosocomial SBP.11, 12 On the 
contrary to limited BT to mesenteric lymph node, frequent 
and/or severe BT may be deleterious.11 In the 
development of pathological BT, small intestinal bacterial 
overgrowth (SIBO), increased intestinal permeability and 
impaired immunity have been implicated.13–17 By reducing 
acid production, PPI therapy may cause SIBO and has been 
suggested to contribute to an increased risk of SBP.18–20 
However, the association between PPI use and the 
development of SBP remains controversial with other 

conflicting results.21 In addition, the link between PPI use 
and the development of SBP is based on case–control 
studies, often in a small series. Thus, these results might be 
confounded by several factors. The current study sought to 
determine whether PPI use increases the risk of SBP 
development in a large cohort composed of cirrhotic 
patients with ascites, as well was to investigate the 
characteristics of SBP in PPI user.  

METHODS 

Study population 

This retrospective cohort study included 1965 consecutive 
liver cirrhosis patients taking diuretics for ascites control at 
FakirMohan Medical College and Hospital Balasore, Odisha 
between March 2020 and August 2023. The aetiology of 
liver cirrhosis included hepatitis B virus infection, hepatitis 
C virus infection and alcoholic liver disease. Patients who 
met any of the following criteria were excluded: (i) 
gastrointestinal (GI) bleeding within 2 weeks prior to SBP 
development; (ii) receiving antibiotics within 2 weeks prior 
to PPI use; (iii) receiving immunosuppressive therapy; (iv) 
recipient of a liver transplant; (v) other concurrent GI 
infection likely to be cause of peritonitis (e.g. liver abscess 
and gall-bladder rupture); and (vi) lost to follow-up. Based 
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on these criteria, a total of 411 patients were excluded 
from the study. Of these, 197 patients had undergone a 
liver transplantation, 166 had GI bleeding within 2 weeks 
prior to SBP development, 30 had a concurrent GI 
infection, 10 were receiving immunosuppressive therapy 
and eight were lost to follow-up after PPI use. Finally, a 
total of 1554 consecutive patients were included in the 
current study to reduce the effect of selection bias and 
potential confounders in this study, we performed 
rigorous adjustment for differences in baseline 
characteristics by using propensity score matching. After 
matching by propensity scores considering age, gender, 
aetiology of liver disease, platelet count, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), gamma-glutamyl transferase 
(GGT), blood urea nitrogen (BUN), creatinine, serum 
sodium, serum albumin, serum total bilirubin, 
prothrombin time (PT) and Child–Pugh score, 402 patient 
pairs were selected. The study protocol was conducted in 
accordance with the Declaration of Helsinki and approved 
by the Institutional Review Board Fakirmohan medical 
college Balasore, Odisha. 

Definitions 

Patients who took any PPI for at least 1 week were 
included in the PPI group, while the remaining patients 
were placed in the non-PPI group. PPI use was divided into 
those using standard doses. Esomeprazole 40 mg, 
lansoprazole 30 mg, rabeprazole 20 mg and pantoprazole 
40 mg were categorized as standard dose. Patients who 
took the standard doses were assigned to the group 
representing the dose taken group. Patients who took any 
H2-receptor antagonists (H2RAs) for at least 1 week were 
considered H2RA user. Spontaneous bacterial peritonitis 
was defined by an ascitic fluid polymorphonuclear (PMN) 
leucocyte count ≥250 cells/mm3. Nosocomial SBP was 
defined as an infection that occurred >72 h after admission 
to the hospital, while infections diagnosed within the first 
72 h of hospitalization were classified as community-
acquired SBP.23  

Data collection and assessment 

The following demographical, laboratory and clinical 
information were collected from medical chart review: 
age, gender, aetiology of liver disease, platelet count, 
serum electrolytes, BUN, creatinine, AST, ALT, ALP, GGT, 
serum total bilirubin, serum albumin, PT, presence and 
severity of ascites and encephalopathy, ascites fluid data 
consisting of cell count, protein level and organism, PPI and 
H2RA use and time to SBP development. Ascitic fluid 
specimens were obtained aseptically by paracentesis and 
inoculated into blood culture bottles at the patient’s 
bedside. Identification of isolates was performed using a 
standard identification card. With respect to PPI use, daily 
dose and indications were investigated. In the PPI group, 
time interval to SBP after start and end of PPI use was also 
determined. We could collect exact data pertaining to PPI 

use from the chart review because the enrolled patients 
regularly visited the hospital for the screening of 
hepatocellular carcinoma. Spontaneous bacterial 
peritonitis incidence rate was the primary outcome. As a 
secondary outcome, the characteristics of SBP were 
evaluated in terms of organisms isolated from the ascitic 
fluid, presence or absence of sepsis, length of hospital stay 
and in-hospital mortality. SBP incidence was compared 
between the two groups in all study subjects and 
propensity score matched cohort.  

Statistical analysis 

In all study subjects, continuous variables were compared 
parametrically using Student’s t-test. The propensity 
scores were estimated regarding all variables presented in 
the baseline characteristics with parsimonious logistic 
regression model. One to one calliper matching without 
replacement was performed within 25% of the standard 
deviation of log-transformed propensity scores. The 
balance of the matched cohort was evaluated using 
standardized mean difference and hypothetical test. In the 
propensity score matched cohort, the two groups were 
compared in terms of baseline characteristics. Multivariate 
analysis was performed on variables that were associated 
with SBP incidence based on univariate analysis (P < 0.200). 
Hazard ratios (HRs) were presented together with the 95% 
confidence interval (CI) Statistical results are presented as 
the mean   S.D. median (interquartile range) or number of 
patients (%).  

RESULTS 

Baseline characteristics of the study population before 
matching 

Among the 1554 patients included in the study, the mean 
age was 57.9±10.1 years and 1151 patients (74.1%) were 
male. A total of 512 patients (32.9%) were included in the 
PPI group and the remaining 1042 (67.1%) were included 
in the non-PPI group. The aetiology of liver disease was 
hepatitis B virus infection in 1175 patients (75.6%), 
hepatitis C virus infection in 262 patients (16.9%) and 
alcoholic liver disease in 117 patients (7.5%). The mean 
Child–Pugh score was 7.8±1.7: 359 patients (23.1%) were 
Child–Pugh class A, 936 (60.2%) were class B and 259 
(16.7%) were class C. The baseline characteristics of the PPI 
and non-PPI groups are summarized in Table 1. There were 
no significant differences between the two groups with 
respect to age, gender, aetiology of liver disease, AST, ALP, 
GGT, creatinine and Child–Pugh score. However, the PPI 
group exhibited a lower platelet count (91.5, 54.6 vs. 102.0  
62.4, P = 0.001), ALT (47.5, 51.4 vs. 57.5, 79.4, P = 0.003) 
and serum sodium level (136.6  5.5 vs. 138.3  4.6, P < 0.001) 
and higher BUN (18.0  13.3 vs. 15.6  9.2, P < 0.001), albumin 
(3.2  0.6 vs. 3.1  0.6, P = 0.038), bilirubin (3.0  5.0 vs. 2.4  
4.5, P = 0.049) and PT level (1.4  0.4 vs. 1.3  0.3, P = 0.003) 
than the non-PPI group. 
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Table 1: Comparison of baseline characteristics between proton pump inhibitor (PPI) group (n = 512) and non-PPI group (n 
= 1042) in all study subjects (n = 1965) 

Variables PPI group (n = 512) Non-PPI group (n = 1042) P value 

Age (years) 58.0 ± 10.1 57.8 ± 10.2 0.702 

Gender, male 384 (75.0) 767 (73.6) 0.556 

Aetiology of liver disease    

HBV 384 (75.0) 791 (75.9) 0.527 

HCV 84 (16.4) 178 (17.1)  

Alcohol 44 (8.6) 73 (7.0)  

Platelet count (x103 /mm3)                  91.5± 54.6 102.0 ± 62.4 0.001 

AST (IU/L) 73.8 ± 86.0 84.0±114.0 0.073 

ALT (IU/L) 47.5 ±51.4 57.5 ± 79.4 0.003 

ALP (IU/L) 126.7± 82.0 129.7 ± 109.5 0.580 

GGT (IU/L) 90.0±105.7 104.7 ±150 0.062 

Creatinine (mg/dL) 1.1 ± 0.9 1.0 ±0.7 0.069 

Albumin (g/dL) 3.2± 0.6 3.1 ± 0.6 0.038 

Prothrombin time (INR) 1.4 ± 0.4 1.3 ± 0.3 0.003 

Child–Pugh score 7.9 ± 1.8 7.8 ±1.6 0.079 

HBV, hepatitis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; 
GGT, gamma-glutamyl transferase; BUN, blood urea nitrogen. Data are shown as the mean ± S.D. or number (%) of patients 

SBP incidence of the study population before matching. 

During a follow-up of 847 person-years (mean 19.8  20.6 
months) and 2526 person-years (29.0  28.9 months), 90 and 
146 patients had SBP in the PPI and non-PPI groups 
respectively. The calculated annual SBP incidence rates in 
the PPI and non-PPI groups were 10.6% and 5.8% 
respectively. The cumulative SBP incidence rate was higher 
in the PPI group than in the non-PPI group (P = 0.002, by 
log-rank test; 

Baseline characteristics of the propensity score matched 
cohort. 

In the propensity score matched cohort, there were no 
significant differences between the two groups regarding 
age, gender, aetiology of liver disease, platelet count, AST, 
ALT, ALP, GGT, BUN, creatinine, serum sodium level, 
albumin, bilirubin, PT and Child–Pugh score (Table 2). 

Incidence and characteristics of SBP in the propensity 
score matched cohort. 

During a follow-up of 684 person-years (mean 20.4 20.8 
months) and 1000 person-years (29.8, 29.0 months), 74 and 
60 patients had SBP in the PPI and non-PPI groups 
respectively. The calculated annual SBP incidence rates in 
the PPI and non-PPI group were 10.8% and 6.0% 
respectively. The cumulative SBP incidence rate was higher 
in the PPI group than in the non-PPI group (P = 0.038, by the 
clustered Cox regression). The characteristics of SBP are 
summarized in Table 3. Among all cases of SBP, the 
proportion of nosocomial infections was similar between 
the PPI and non-PPI groups, at 36.5% and 31.7% 
respectively (P = 0.559). Sepsis accompanied 12.2% and 
10.0% of cases of SBP in the PPI and non-PPI groups 

respectively (P = 0.693). The PMN leucocyte count and 
protein level in ascites fluid did not differ between the two 
groups. Organisms were isolated from the ascitic fluid with 
a similar frequency between the PPI and non-PPI groups 
(33.8% vs. 30.0%, P = 0.641). Escherichia coli was the most 
common isolate in both groups 12 isolates (48%) in the PPI 
group and seven (38.9%) in the non-PPI group], followed by 
Klebsiella species [five isolates (20%)] in the PPI group and 
Streptococcus species [three isolates (16.7%)] in the non-
PPI group. Although Gram-negative organisms were 
isolated more frequently in the PPI group than in the non-
PPI group, the difference did not reach statistical 
significance (84.0% vs. 72.2%, P = 0.090). 

Comparison of clinical outcomes in the propensity score 
matched cohort. 

The length of hospital stay did not differ between the two 
groups [PPI group vs. non-PPI, 17.0 (9.8–32.8) vs. 16.0 (11–
26.8), P = 0.448; Table 3]. In-hospital mortality in PPI group 
was not significantly higher than in nonPPI group (PPI group 
vs. non-PPI, 6.5% vs. 3.7%, P = 0.078; Table 3). 

Multivariate analysis for the association of PPI use with 
SBP. 

To adjust for simultaneous impact of potential 
confounders, Cox proportional hazards regression was 
conducted (Table 4). In the univariate analysis, gender, 
Child–Pugh score, BUN, serum sodium and PPI use was 
associated with SBP development. Multivariate analysis 
revealed that male gender (HR 1.849; 95% CI: 1.307– 2.616; 
P = 0.001), Child–Pugh score (HR 1.352; 95% CI: 1.241–
1.472; P < 0.001), serum sodium (HR 0.958; 95% CI: 0.931–
0.986; P = 0.003) and PPI use (HR 1.396; 95% CI: 1.057–
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1.843, P = 0.019) were independent risk factors for SBP 
development. 

Details of PPI use in the PPI group. 

Among 512 PPI users, 192 patients received PPI for 
nonspecific symptoms, while indications were well 
documented in 320 patients. Of the latter group, peptic 
ulcer disease (194, 59.1%) was the most common indication 
for PPI use, followed by conditions related to oesophageal 

variceal ligation (91, 27.7%) and GERD (35, 10.7%). 
Indications for PPI use was similar between patients with 
and without SBP (P = 0.170). In patients with SBP, the mean 
duration of PPI use was 74.4 - 88.8 days. Of them, 40/90 
patients (44.4%) developed SBP when PPI was used 
continuously, 25 (27.8%) did within 90 days from the end of 
PPI use and 25 (27.8%) beyond 90 days from the end of PPI 
use. 

Table 2: Comparison of baseline characteristics between PPI group (n = 402) and non-PPI group (n = 402) in the propensity 
score matched cohort (402 matched pairs) 

Variables PPI group (n = 402) Non-PPI group (n = 402) P value 

Age, years 57.8 ± 10.2 57.7 ±9.5 0.821 

Gender, male 302 (75.1) 307 (76.4) 0.739 

Aetiology of liver disease    

HBV 316 (78.6) 316 (78.6) 1.000 

HCV 57 (14.2) 57 (14.2)  

Alcohol 29 (7.2) 29 (7.2)  

AST (IU/L) 74.2±86.5 70.9 ±58.0 0.533 

ALP (IU/L) 127.5± 81.4 125.5 ±144.2 0.809 

GGT (IU/L) 93.6±109.4 90.9 ± 171.5 0.784 

BUN (mg/dL) 16.3 ± 10.1 16.3 ± 10.0 0.999 

Creatinine (mg/dL) 1.0 ± 0.6 1.0 ±0.8 0.571 

Sodium (mmol/L) 137.3 ± 4.8 137.6 ± 5.1 0.291 

Albumin (g/dL) 3.2 ±0.6 3.2 ±0.6 0.696 

Prothrombin time (INR) 1.4 ±0.4 1.4 ± 0.3 0.655 

Child–Pugh score 7.9 ± 1.6 7.9 ±1.7 0.819 

PPI, proton pump inhibitor; HBV, hepatitis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; GGT, gamma-glutamyl transferase; BUN, blood urea nitrogen.; Data are shown as the mean ± S.D. or number (%) of patients. 

Table 3: Comparison of SBP characteristics between PPI and non-PPI groups in the propensity score matched cohort (402 
matched pairs) 

Variables 

Type of SBP 

PPI group  

(n = 74) 

Non-PPI group  

(n = 60) 

P value 

Nosocomial 27 (36.5) 19 (31.7) 0.559 

Community-acquired 47 (63.5) 41 (68.3)  

Ascites protein (g/dL) 1.2±0.8 0.9 ±0.8 0.074 

Isolated organisms 25 (33.8) 18 (30.0) 0.641 

Gram-negative 21 (84.0) 13 (72.2) 0.090 

Escherichia coli 12 7  

Klebsiella species 5 2  

Aeromonas species 1 1  

Others 3   

Gram-positive 4 (16.0)                  5 (27.8) 3  

Streptococcus species 3                                 3   

Enterococcus species 1                                1   

Presence of sepsis 9 (12.2) 6 (10.0) 0.693 

Hospital stays (day) 17.0 (9.8–32.8) 16.0 (11–26.8) 0.448 

In-hospital mortality 26 (6.5) 15 (3.7) 0.078 

PPI, proton pump inhibitor; SBP, spontaneous bacterial peritonitis; PMN, polymorphonuclear. Data are shown as the mean±S.D. median (interquartile 
range) or number (%) of patients. 
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Table 4: Multivariate analysis for the association of PPI use with SBP 

Variables   Univariate analysis                                    Multivariate analysis 

 HR (95% CI) P value HR (95% CI) P value 

Age (years) 1.005 (0.992–1.018) 0.432   

Gender     

 Female 1  1  

Male 1.848 (1.327–2.572) < 0.001 1.849 (1.307–2.616) 0.001 

Aetiology of liver disease     

HBV 1    

HCV 1.146 (0.827–1.587) 0.413   

Alcohol 0.833 (0.499–1.390) 0.484   

Child–Pugh score 1.462 (1.361–1.571) <0.001 1.352 (1.241–1.472) <0.001 

Platelet count (X103 /mm3 ) 0.998 (0.995–1.001) 0.127 1.000 (0.997–1.002) 0.825 

GGT (IU/L) 1.000 (1.000–1.001) 0.261   

BUN (mg/dL) 1.012 (1.001–1.023) 0.027 1.001 (0.990–1.013)  

Creatinine (mg/dL) 1.032 (0.886–1.202) 0.685    

Sodium (mmol/L) 0.916 (0.897–0.935) < 0.001 0.958 (0.931–0.986)  

H2RA use 0.923 (0.703–1.214) 0.568   

PPI use 1.510 (1.159–1.967) 0.002 1.396 (1.057–1.843)  

PPI, proton pump inhibitor; SBP, spontaneous bacterial peritonitis; HR, hazard ratio; CI, confidence interval; H2RA, H2-receptor antagonist 

In terms of PPI dose, a standard dose was used by 188 
patients (36.7%), while a half dose was used by 324 patients 
(63.3%). In addition, the dose of PPI was similar between 
patients with and without SBP (P = 0.152). According to 
multivariate Cox regression analysis in the PPI group, PPI 
dose was not an independent risk factor for SBP (standard 
dose vs. half dose, HR 2.184, 95% CI 0.935–5.103, P = 0.071) 
after correction for gender, Child–Pugh score and serum 
sodium. 

DISCUSSION 

Small intestinal bacterial overgrowth is a predisposing 
factor to SBP in patients with cirrhosis.13–15 PPI use may 
increase bacterial overgrowth within the GI tract.18, 25 Thus 
PPI use has been proposed to contribute to SBP.19, 20 
However, this is based on findings from case– control 
studies, often consisting of a small series. Bajaj et al.19 
reported that PPI use is associated with SBP in patients with 
advanced cirrhosis. In their study, 70 cirrhotic patients with 
SBP were compared with 70 cirrhotic patients without SBP 
matched for Child–Pugh score and age. Goel et al.26 found 
that subjects who had not taken PPIs within the past 90 
days were almost 70% less likely to develop SBP than those 
who had taken PPIs in the previous 7 days. Their study was 
based on 130 hospitalized cirrhotic patients consisting of 65 
SBP patients and 65 controls matched for Child–Pugh score. 
Because of the nature of case–control studies, it is not 
possible to establish causality based on these results. In 
addition, Campbell et al.21 reported that PPI use is not 
associated with SBP. These results might be confounded by 
several factors, and thus there is a significant need to clearly 
demonstrate causation. Therefore, we performed a large 
retrospective cohort study to determine whether PPI use 
increases the risk of SBP development in cirrhotic patients 

with ascites. In addition, we performed extensive matching 
for liver function to consider that PPIs might be more 
commonly used by patients with worse liver function which 
is a predisposing factor to SBP.27, 28 Following matching, 
none of the differences in baseline characteristics between 
the two groups remained. In addition, we considered H2RA 
use as a potential confounder and conducted multivariate 
analysis to exam the association of PPI use with SBP. Our 
results showed that SBP incidence was higher in the PPI 
group than in the non-PPI group before and after matching. 
In the current study, PPI user was defined as patients who 
took any PPI for at least 1 week. The steady maximum mean 
percentage time of gastric pH>4 was seen after taking PPI 
for 7 days.29 Nevertheless, 1 week of PPI use is not a long-
term treatment and is rather arbitrary. However, we have 
showed that even 1 week of PPI use increases the incidence 
of SBP in patients with ascites. Considering a significant 
number of PPI user with an inappropriate indication in this 
study population, even short-term PPI use, without a 
definite indication, should be avoided in cirrhotic patients 
with ascites. In addition, we showed that SBP similarly 
occurs between the standard and half dose PPI users. 
According to the recent US survey regarding the treatment 
patterns for GERD, 71.0% used PPIs once a day, 22.2% used 
twice a day and 6.8% more than twice a day or on an as-
needed basis.30 Thus, it would be more clinically relevant to 
know if double dose PPI use carried a higher risk of SBP than 
half dose. Unfortunately, however, the comparison could 
not be performed because only six patients took double 
dose PPI during an even short period in the current study 
population. Established risk factors reported for SBP in 
cirrhotic patients include low ascitic fluid protein 
concentration, decreased prothrombin activity and 
increased serum bilirubin level.31,32–34 At our institution, 
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ascitic fluid analysis is not routinely performed for cirrhotic 
patients with new-onset ascites, and thus ascitic fluid 
protein concentration could not be included in baseline 
characteristics. To overcome this limitation, we performed 
extensive matching for liver function by propensity scores. 
In addition, protein level in ascites was measured in 
patients with SBP, and it did not differ between the PPI and 
the non-PPI groups. Moreover, other markers of advanced 
liver dysfunction such as episode of encephalopathy and 
refractory ascites were compared between the two groups 
in the matched cohort and no significant differences were 
found (data not shown). These observations support that 
PPI use increases the risk of SBP development regardless of 
the severity of liver function impairment. In contrast to liver 
dysfunction, nonselective b-blockers and antibiotic 
prophylaxis can reduce the chance of SBP development.35–

37 Although those medications were not matched in the 
current study, no significant differences were found with 
regard to the use of nonselective b-blockers and antibiotic 
prophylaxis in the matched cohort (data not shown). Our 
study population included many early cirrhotic patients 
with Child–Pugh class A (359, 23.1%), which may stem from 
our exclusion of patients who had undergone liver 
transplantation or had GI bleeding within 2 weeks prior to 
SBP development. For similar reasons, the HR (1.396) of PPI 
use was relatively lower than the odds ratios (3.443–4.31) 
reported in the previous studies.19, 38 However, because 
Child–Pugh score was shown to be the independent risk 
factor for SBP, increased caution is needed with respect to 
PPI use in patients with Child–Pugh class B and C. In the 
current study, bacteriological confirmation was available in 
43/134 patients (32.1%) even using bedside inoculation of 
ascites into blood culture bottles for increased sensitivity.39 
A large proportion of our SBP patients had Gram-negative 
infections. When comparing bacterial epidemiology, Gram-
negative infections were more frequent in the PPI group 
than in the non-PPI group, although the difference did not 
reach statistical significance (P = 0.090). Interestingly, E. coli 
and Klebsiella species accounted for the increased Gram-
negative infections in the PPI group. It has been known that 
only a few intestinal bacteria are able to translocate into 
mesenteric lymph nodes, which include E. coli and 
Klebsiella pneumoniae and other Enterobacteriaceae.40 BT 
is the most common cause of SBP,12 and SIBO has been 
linked with pathologic BT.14, 15 Considering PPI use has been 
proposed to facilitate SIBO, our bacteriological findings also 
support the possibility that PPI use plays an important role 
in the pathophysiology of SBP.  Proton pump inhibitor use 
also has a link with other infection. Clostridium difficile 
infection (CDI) has been shown to be possibly associated 
with PPI use.41, 42 On the contrary to SBP, however, the 
pathophysiology of CDI by PPI use remains unclear because 
acidic gastric content does not kill C. difficile spores.43 In 
addition, the association between CDI and PPI use may be 
exaggerated due to the comorbidities in PPI users.7, 44 
Therefore, well designed prospective cohort study is clearly 
needed to assess the true impact of PPI use on CDI 
development in the future. The association between 
pneumonia and PPI use is also still being debated. Recently, 

however, de Jager et al.46 showed that PPI use increased the 
risk of community-acquired pneumonia due to 
Streptococcus pneumoniae more than twofold in a 
prospective cohort study. The plausible relevant 
mechanism is that decreased gastric acidity could promote 
proliferation and subsequent translocation of swallowed 
oropharyngeal flora. Confounding factors using rigorous 
propensity score matching and specific exclusion criteria. 
Fourth, we analysed the relationship of PPI dose and SBP 
risk. Lastly, we evaluated the bacterial epidemiology of SBP 
in PPI users.  

CONCLUSION 

PPI use significantly increases the risk of SBP in cirrhotic 
patients with ascites. Therefore, PPI use should be 
undertaken with greater caution in cirrhotic patients with 
other risk factors for SBP. Also, PPI should be used with 
appropriate indications and duration. 
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