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ABSTRACT - Background — Acid suppression has been associated with adverse events; such as, enteric infections. Proton pump inhibitors (PPI) are

frequently prescribed in patients with cirrhosis, but is unclear if PPI are associated with the development of bacterial infections in these patients.
Objective — To assess the impact of PPI intake on the development of bacterial, viral and fungal infections in patients with cirrhosis. Methods — An
observational, retrospective, historic cohort study. The exposed cohort included patients with cirrhosis with chronic use of PPI. The non-exposed
cohort had not been using PPI. The follow-up period was 3 years, searching in the medical records for any events of bacterial infection confirmed by
bacteriological culture. Results — One hundred and thirteen patients met the selection criteria, 44 (39%) had chronic use of PPI; of them, 28 (63.6%)
patients had not a clear clinical indication to justify the prescription of PPI. Twenty four (21.2%) patients developed bacterial infections during the
follow-up period. In the univariate analysis, decompensated cirrhosis (Child B/C), presence of ascites, history of variceal bleeding, and chronic con-
sumption of PPI were risk factors related to the development of infections. But, in the adjusted multivariate analysis only the chronic use of PPI was
associated with development of infections (RR=3.6; 95% CI=1.1-12.3; P=0.04). Conclusion — There is an over-prescription of PPI without a justified
clinical indication. The long-term consumption of PPI in patients with cirrhosis is associated with the development of bacterial infections; therefore

these drugs must be carefully prescribed in this specific population.

HEADINGS - Proton pump inhibitors, adverse effects. Inappropriate prescribing. Liver cirrhosis. Risk assessment.

INTRODUCTION

Patients with cirrhosis, particularly those with decompensated
disease, are at risk of developing serious bacterial infections due to
several factors!?; such as, portal hypertension®, immunologic im-
pairment®, quantitative and qualitative changes in gut microbiota,
intestinal dismotility®, small intestinal bacterial overgrowth®?.

The gastric acidity is an important host defense barrier; there-
fore, acid suppression has been associated with adverse events; such
as, enteric infections®?, pulmonary infections'®!V, development of
bacterial intestinal overgrowth and bacterial translocation”. Proton
pump inhibitors (PPI) are frequently prescribed in patients with
cirrhosis, but at least two studies have reported a high prevalence
of patients taking acid-suppressive therapy without a clear indica-
tion>19, The safety regarding PPI in patients with cirrhosis has
not been established.

Several studies have observed an association between PPI
intake and the development of spontaneous bacterial peritonitis
(SBP) in patients with cirrhosis®!>!?. On the other hand, this as-
sociation was not observed in all studies®", Several limitations

related to the study design, as well as, the potential confounding
factors substantially limit conclusions from these previous studies.

The aim of this study was to assess the impact of PPI intake
on the development of bacterial, viral and fungal infections in
patients with cirrhosis.

METHODS
Study design
We designed an observational, retrospective, historic cohort
study. The study was performed at The Liver Clinic from a tertiary
health-care center. The study was reviewed and approved by the
Hospital General de México, Dr. Eduardo Liceaga Institutional
Review Board.

Selection criteria

The exposed cohort included patients with cirrhosis who had
history of chronic PPI use. Chronic PPI intake was defined as pa-
tients who had history of taking PPI, at least for 1 year, for the last
year, and at least three times per week, and at a minimum dose of
20 mg/day. This cohort was compared with another non-exposed
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cohort to PPI. We collected information about the development
of ascites, variceal bleeding, episodes of hepatic encephalopathy,
bacterial, viral and fungal infections, Child-Pugh (Child) score.
Also we searched if the prescription of PPI had or not a clear
clinical indication to justify it. The start point of time selected to
initiate the follow-up was the date of diagnosis of cirrhosis for the
non-exposed cohort, and also for the exposed-cohort but in these
patients we also considered the date when each patient started
taking PPI medication. The follow-up was for a period of 3 years,
searching in the medical records specifically the occurrence of any
bacterial infection confirmed by bacteriological culture.

We excluded patients with hepatocellular carcinoma, con-
comitant comorbidities such as diabetes, chronic renal disease,
with active alcohol intake during the follow-up period, and patients
co-infected with human immunodeficiency virus.

All study participants, or their legal guardian, provided in-
formed verbal consent prior to use your medical record data.

Statistical analysis

To summarize numeric variables, we used mean and standard
deviation in case of parametric distribution, or median and range
in case of non-parametric distribution. To compare between
cohorts, univariate analysis was performed through z Student’s
test or Mann-Whitney’s U test, chi square test or exact Fisher’s
test respectively. All those significant variables in the univariate
analysis were considered for the multivariate analysis; this was
performed using the Cox proportional hazards model. A P value
<0.05 was considered statistically significant. Statistical packages
SPSS version 19.0 (IBM, New York, USA) and Epidat 3.1 (Galicia,
Spain) were used.

RESULTS

In the Liver Clinic’s database we found a total of 6123 medical
records. We included 113 patients who met the selection criteria,
of them, 44 (39%) had chronic PPI use, and 69 (61%) had not. In
the group with chronic PPI intake, 34 (72%) were taking a dose of
20 mg/day, and 10 (28%) were taking a dose of 40 mg/day. Sixteen
(36.4%) of these patients had a clear clinical indication that justified
the chronic PPl intake: eight of them had Barrett’s esophagus, four
had erosive esophagitis, and three were diagnosed with dyspepsia.
Twenty eight (63.6%) patients taking PPI did not have a clear clini-
cal indication to justify the chronic use of PPI. According to Child
score, 66 (58.4%) were classified as Child A, 40 (35.4%) as Child B,
and 7 (6.2%) as Child C.

The analysis comparing the characteristics between patients
with cirrhosis with chronic PPI use and non-exposed to PPI is
summarized in TABLE 1.

Of 113 patients included in this study, 24 (21.2%) patients
developed any kind of infection during the follow-up period. The
infections documented in these cohorts of patients are shown in
TABLE 2. In the univariate analysis searching for risk factors
associated with the development of infections in all patients with
cirrhosis included: decompensated cirrhosis, ascites, use of PPI,
and history of variceal bleeding. Patients with decompensated
cirrhosis or Child B/C had a greater risk compared with those
with compensated cirrhosis or Child A (relative risk, RR=4.8;
95% CI=1.8-12.8; P=0.002). Presence of ascites was related to the
development of infections compared with those without ascites
(RR=5.0;95% CI=1.9-13-1; P=0.001). Patients exposed to chronic

TABLE 1. Comparison between patients with cirrhosis with chronic use
of PPI and cirrhotic patients not using PPI

Without PPI  Chronic PPI
Characteristic intake intake P value
n=69 n=44
Demographics
Age (years) 61.7 = 11.3 62.6 + 10.6 0.66
Male gender 30 (43.5) 18 (40.9) 0.79
Biochemical parameters
Total bilirubin, mg/dL 1.8 1.7 1.7 = 1.0 0.68
Albumin, mg/dL 3.3 +0.6 3.1+£0.6 0.19
INR 1.2 £0.2 1.3+0.3 0.09
Creatinine, mg/dL 0.9 + 0.5 1.0 0.3 0.45
Sodium, mmol/L 136.9 = 3.5 135.6 = 3.1 0.04
Hematological parameters
Leucocytes, cell/mm?® 4.9+ 23 4.8+ 1.6 0.89
Neutrophils, cell/mm? 3.1+15 29+1.3 0.34
Platelets, cell/mm? 109.3 + 66.5 114.4 + 43.6 0.63
Clinical parameters
Presence of ascites 15 (21.7) 15 (34.1) 0.15
Etiology of cirrhosis 0.09
Alcohol 29 (42) 11(25)
Viral hepatitis 16 (23.2) 11 (25)
NASH 13 (18.8) 7 (15.9)
Autoimmune 8(11.6) 818.2)
Cryptogenic 3 (4.3) 7(15.9)
Child-Pugh 0.18
A 41 (59.4) 25 (56.8)
B 26 (37.7) 14 (31.8)
C 2(2.9) 5 (11.4)
History of variceal 22 (31.9) 16 (36.4) 0.62
bleeding
History of 17 (24.6) 9(20.5) 0.77
encephalopathy
Development of infection 10 (14.5) 14 (31.8) 0.03

INR: international normalized ratio; NASH: non-alcoholic steatohepatitis; PPI: proton pump
inhibitors. Numeric variables are expressed as mean =+ standard deviation. Categorical and dicho-

tomic variables are expressed as n (%). A P value <0.05 was considered statistically significant.

TABLE 2. Frequency of infections developed in patients with cirrhosis
according to chronic use of PPI

. All patients PPI- PPI non-

Infection n=113 exposed exposed
cohort n=44  cohort n=69

Without infection 89 30 59
UTI 8 2 6
SBP 5 4 1
Pneumonia 6 4 2
Cellulitis 2 2 0
Herpes-zoster virus 1 1 0
Esophageal candidiasis 1 1 0
Periodontal abscess 1 0 1

PPI proton pump inhibitors; SBP spontaneous bacterial peritonitis; UTT urinary tract infection.
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PPl intake had greater risk of develop infections that those patients
non-exposed to PPI (RR=2.8; 95% CI=1.1-6.9; P=0.03). History
of variceal bleeding was also associated with the development of
infections during the follow up period (RR=2.6, 95% CI=1.0-6.6;
P=0.04). History of hepatic encephalopathy was not associated
with risk of develop infections (RR=1.2, 95% CI=0.4.3.3; P=0.79).
See TABLE 3.

In the multivariate analysis we included all those variables
statistically significant in the univariate analysis; of them, only
chronic use of PPI was associated with development of infections
during the follow-up period (RR=3.6; 95% CI=1.1-12.3; P=0.04).
See TABLE 4 and FIGURE 1.

DISCUSSION

Clinicians prescribe more frequently PPI for long-term, but
commonly, there are not justified indications for its prescrip-
tion®?¥, Even more common, patients admitted to hospital are
started on PPI therapy inappropriately, and after discharge often
the PPI prescription is continued indefinitely®®. Similarly, in our
study we confirmed that many patients (63.6%) had not clear indica-
tion for taking PPI. Other studies have reported similar frequencies
of inappropriate indication of PPI, range from 50% to 78.3%1229.

In the last few years there has been controversy about the
potential adverse effects of PPI, such as infections, when are

TABLE 3. Univariate analysis to identify risk factors for development of infections in patients with cirrhosis

Without development of

Development of

Characteristic infection n=89 infection ne24 P value RR (95% CI)

Cirrhosis
Decompensated * 30 (33.8) 17 (70.8) 0.002 4.8(1.8-12.8)
Compensated ** 59 (66.2) 7 (29.2)

Ascites
Present 17 (19.1) 13 (54.2) 0.001 5.0 (1.9-13.1)
Absent 72 (80.9) 11 (45.8)

Chronic use of PPI
Yes 30(33.7) 14 (58.3) 0.03 2.8 (1.1-6.9)
No 59 (66.3) 10 (41.7)

History of variceal bleeding
Yes 31 (34.8) 14 (58.3) 0.04 2.6 (1.0-6.6)
No 58 (65.2) 10 (41.7)

History of hepatic encephalopathy
Yes 20 (22.5) 6(25.0) 0.79 1.2 (0.4-3.3)
No 69 (77.5) 18 (75.0)

# Child B or C; ** Child A. PPIL: proton pump inhibitors; RR: non-adjusted relative risk. Data expressed as n (%). A P value <0.05 was considered statistically significant.

TABLE 4. Multivariate analysis to identify risk factors for development
of infections in patients with cirrhosis

Characteristic P value HR (95% CI)
Decompensated cirrhosis * 0.68 0.8 (0.2-2.9)
Presence of ascites 0.73 1.3 (0.3-6.2)
Chronic use of PPI 0.04 3.6(1.1-12.3)
History of variceal bleeding 0.21 0.5 (0.2-1.4)

# Child B or C. HR hazard ratio; PPI proton pump inhibitors. Cox proportional hazards model.

A P value <0.05 was considered statistically significant.
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FIGURE 1. Impact of the chronic PPI intake on the development of
infections in patients with cirrhosis. Graphic showing the cumulative
impact for the development of infections in those with chronic use of PPI
during a follow-p period of 3 years expressed in months, comparatively
with a non-exposed to PPI cohort (P=0.03). PPI: proton pump inhibitors.
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prescribed to patients with cirrhosis. Some studies have not found
association between PPI and risk of serious infections®2V. In
a retrospective analysis by Mandorfer M et al. that included a
large number of patients with a high prevalence of PPI intake,
there was not association between PPI intake and SBP, overall
infections, nor relation with mortality®”. Similarly, de Vos et
al. did not find any association between PPI intake and risk of
infections in cirrhotic patients®). But, in the other hand, several
studies have shown a higher risk of develop SBP, other infections,
other complications; like hepatic encephalopathy, or even death
in those cirrhotic patients with PPI use!*'8272_ In a retrospec-
tive study by Bajaj JS et al., PPI were associated with all infec-
tions (hazard ratio, HR=1.66; 95% CI=1.31-2.12) and with acid
suppression-related infections (HR=1.75; 95% CI=1.32-2.34)?.
Choi EJ et al., found in their study that in patients with cirrhosis
and ascites the main risk factors related to the development of
SBP were: Child class C, high MELD score, and PPI intake.
In a study by Goel GA et al. use of PPI also was associated with
development of SBP, particularly in patients with advanced liver
disease!®. Other retrospective case-control study by Bajaj JS et
al. found that gastric acid suppression induced by PPI is a risk
factor related to development of SBP in patients with advanced
cirrhosis!?. The study by Ratelle M et al.?” also shown that cir-
rhotic patients with SBP were twice as likely to have taken PPI
than patients without SBP. Our findings are in agreement with the
previous studies that demonstrated an association between PPI
intake and increased risk of developing infections in patients with

cirrhosis, particularly, those with decompensated liver disease.
In fact, our study is another study which confirms association
between long-term PPI use and risk of developing infections; this
is true even after adjusting the model for decompensated cirrhosis,
presence of ascites, or history of variceal bleeding.

CONCLUSION

This study confirms that even in a tertiary care center, there is
an over-prescription of PPI without a justified clinical indication.
The long-term use of PPI in patients with cirrhosis is associated
with the development of bacterial infections; therefore these drugs
must be carefully prescribed in this specific population.

Ethics approval
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Lazaro-Pacheco IB, Servin-Caamaiio Al, Pérez-Hernandez JL, Rojas-Loureiro G, Servin-Abad L, Higuera-de la Tijera F. Inibidores de bomba protonica

aumentam o risco geral de desenvolver infecgdes bacterianas em pacientes com cirrose. Arq Gastroenterol. 2018;55(1):28-32.
RESUMO - Contexto — A supressdo de acido tem sido associada a efeitos adversos, tais como infecgdes entéricas. Inibidores da bomba protdnica sao

frequentemente prescritos em pacientes com cirrose, mas nao esta claro se o inibidor de bomba de proton (IBP) esta associado ao desenvolvimento
de infecgdes bacterianas nesses pacientes. Objetivo — Avaliar o impacto da ingestao de IBP no desenvolvimento de infecgao bacteriana, viral e fun-
gica em pacientes com cirrose. Métodos — Foi realizado estudo de coorte observacional, retrospectivo, historico. A coorte exposta incluiu pacientes
com cirrose e com uso cronico de IBP. A coorte de nao expostos nao estava usando IBP. O periodo de seguimento foi de 3 anos, procurando-se nos
registros médicos qualquer evento de infec¢do bacteriana, confirmada pela cultura bacterioldgica. Resultados — Cento e treze pacientes preencheram
os critérios de selecao, 44 (39%) pacientes faziam uso cronico de IBP; deles, 28 (63,6%) nao tinham uma indicagao clinica clara para justificar a pre-
scri¢ao de IBP. Vinte e quatro (21,2%) pacientes desenvolveram infecgdes bacterianas durante o periodo de seguimento. Na analise univariada, cirrose
descompensada (Child B/C), presenga de ascite, historia de hemorragia varicosa e consumo cronico de IBP foram fatores de risco relacionados ao
desenvolvimento de infecgdes. Porém, na analise multivariada ajustada, somente o uso cronico de IBP foi associado ao desenvolvimento de infecgoes
(RR=3,6;95% CI = 1.1-12.3; P=0,04). Conclusiio — Ha uma prescrigao excessiva de PPI sem uma indicagéo clinica justificada. O consumo de longo
prazo do IBP em pacientes com cirrose ¢ associado ao desenvolvimento de infecgdes bacterianas. Portanto, essas drogas devem ser cuidadosamente
prescritas nesta populagao especifica.

DESCRITORES - Inibidores da bomba de protons, efeitos adversos. Prescri¢ao inadequada. Cirrose hepatica. Medigao de risco.
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