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Abstract

BACKGROUND

Proton pump inhibitors (PPIs) are widely prescribed, often without clear
indications. There are conflicting data on its association with mortality risk and
hepatic decompensation in cirrhotic patients. Furthermore, PPI users and PPI
exposure in some studies have been poorly defined with many confounding
factors.

AIM
To examine if PPI use increases mortality and hepatic decompensation and the
impact of cumulative PPI dose exposure.

METHODS

Data from patients with decompensated liver cirrhosis were extracted from a
hospital database between 2013 to 2017. PPI users were defined as cumulative
defined daily dose (cDDD) > 28 within a landmark period, after hospitalisation
for hepatic decompensation. Cox regression analysis for comparison was done
after propensity score adjustment. Further risk of hepatic decompensation was
analysed by Poisson regression.

RESULTS

Among 295 decompensated cirrhosis patients, 238 were PPI users and 57 were
non-users. PPI users had higher mortality compared to non-users [adjusted HR =
2.10, (1.20-3.67); P = 0.009]. Longer PPI use with cDDD > 90 was associated with
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higher mortality, compared to non-users [aHR = 2.27, (1.10-5.14); P = 0.038]. PPI
users had a higher incidence of hospitalization for hepatic decompensation [aRR
=1.61, (1.30-2.11); P < 0.001].

CONCLUSION

PPI use in decompensated cirrhosis is associated with increased risk of mortality
and hepatic decompensation. Longer PPl exposure with cDDD > 90 increases the
risk of mortality.

Key words: Proton pump inhibitor; Liver cirrhosis; Mortality; Hospitalisation;
Complications; Portal hypertension; Variceal bleeding; Ascites; Spontaneous bacterial

peritonitis; Hepatic encephalopathy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Most proton pump inhibitor (PPI) studies have issues with poorly defining PPI
users and having baseline confounders. Also, studies on PPI use in liver cirrhosis have
not been focused on decompensated cirrhosis. Using propensity score analysis, we
adjusted for 43 variables including baseline characteristics, comorbidities, PPI
indication, and medications (including antiplatelets). Landmark analysis was used to
define PPI users to reduce bias. PPI use in patients with decompensated liver cirrhosis
was associated with higher mortality and increased risk of hepatic decompensation
requiring hospital admissions. Longer PPI exposure with > 90 defined daily doses further
increased mortality risk.

Citation: De Roza MA, Kai L, Kam JW, Chan YH, Kwek A, Ang TL, Hsiang JC. Proton
pump inhibitor use increases mortality and hepatic decompensation in liver cirrhosis. World J
Gastroenterol 2019; 25(33): 4933-4944

URL: https://www.wjgnet.com/1007-9327/full/v25/i33/4933.htm

DOI: https://dx.doi.org/10.3748/wjg.v25.i33.4933

INTRODUCTION

Liver cirrhosis is associated with significant morbidity and mortality!"], especially
when portal hypertension-related complications or hepatocellular carcinoma (HCC)
develop. Several host factors are associated with increased risk of morbidity and
mortality in cirrhotic patients including type 2 diabetes”’, older age, obesity, and
alcohol consumption®l. Recent studies have shed light on abnormal gut microbiota
composition and dysbiosis playing an important role in the pathophysiology of
cirrhosis complications such as hepatic encephalopathy (HE), spontaneous bacterial
peritonitis (SBP) and acute on chronic liver failure*.

Proton pump inhibitors (PPIs), a frequently prescribed medication worldwide, has
been shown to promote alterations in gut microbiota’*, leading to dysbiosis and
impaired gut barrier function”!. Its use in cirrhosis patients is associated with
increased risk of SBP and HE"-'!l. In addition, Bajaj et all'"! showed that gut microbiota
is modulated by PPI and results in increased oral origin microbiota, which can reduce
upon PPI withdrawal. They also showed that initiation of PPI was an independent
risk factor for hospital readmissions among cirrhotic patients; the 30-d readmission
for those discharged with PPI was 50% compared to 32% for those who were not on
PPI (P =0.02).

Despite the increasing concerns of PPI use, it is still widely prescribed in liver
cirrhosis patients. One study showed 62.7% of hospitalised cirrhosis patients were
prescribed PPIs with unclear indications!"”.. It is particularly concerning as PPIs are
metabolised in the liver by cytochrome CYP450!"*4l, and as a result, their half-life
increases by 4-8 h in cirrhotic patients!”l. There have been concerns that PPI use
increases the risk of mortality in patients with decompensated liver disease”, and
those with HE!"", but other studies dispute the association of mortality with PPI use in
decompensated cirrhosis or cirrhotic patients with SBP"***l. Of the published data on
PPI use and mortality in cirrhotic patients!"'“'l, “PPI users” are often defined as
patients with PPI prescriptions at the study inclusion, and PPI dose duration is not
measured. These could potentially lead to guarantee-time bias and exposure
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classification bias!"’?’l. Furthermore, given that PPI is widely used as a
gastroprotective agent in patients with cardiovascular disease taking aspirin and
antithrombotic agents, these should be adjusted as confounders.

Currently, the evidence supporting PPI exposure and increased mortality in
cirrhosis patients is still not clear, with potential biases as PPI user status and dose
exposure not well defined. Furthermore, data are lacking on the dose-dependent
effect of PPI on mortality risk and further hepatic decompensation among cirrhotic
patients, especially when PPI metabolism is affected in this population!””l. Therefore,
we assessed if long-term PPI use in decompensated liver cirrhosis patients would
increase the risk of mortality after adjusting for potential biases and defining true
dosage exposure. The secondary aim was to determine if PPI use increases the risk of
hospital admissions for further hepatic decompensation in patients with
decompensated liver cirrhosis.

MATERIALS AND METHODS

Patient selection

Patients with liver cirrhosis using ICD10 coding (Supplemental Table 1) were
extracted from January 2013 to June 2017 from the Changi General Hospital electronic
database. Patient demographics, medical comorbidities (based on ICD codings
forming Charlson’s comorbidity index; Supplementary Table 1), biochemical profile,
baseline medication use (Supplementary Table 2), and history of prior hepatic
decompensation were reviewed and verified by three investigators. Clinical ICD
codings of United States Food and Drug Administration (FDA)-approved PPI
indications were also extracted such as gastroesophageal reflux disease (GERD),
esophagitis, and peptic ulcer disease. Patients over 18 years of age with liver cirrhosis
confirmed by histology, imaging or transient elastography and hospital admissions
for hepatic decompensation during this period were included. Patients without
hepatic decompensation were excluded.

The codings of hospital admission diagnoses were regularly reviewed and audited
by the hospital medical record department to maintain data integrity as expected of a
restructured public hospital governed by the health ministry. Mortality data were
obtained from the Singapore National Registry of Diseases Office, and the date of
liver transplant, if any, was obtained from the National Organ Transplant of
Singapore.

The study’s protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by our institution's human research
committee.

Outcomes

The primary outcome of this study was overall mortality, defined as death or liver
transplant, whichever came first. The secondary outcome was the rate of further
hepatic decompensation-related hospital admissions after the index admission at
baseline. For secondary outcomes, each patient’s hospital admission notes were
reviewed by three investigators to verify that coding diagnoses of hepatic
decompensation admissions were accurate. Hospital admissions for elective
procedures such as radiofrequency ablation or trans-arterial chemoembolisation of
HCC and those with incomplete data were excluded from the study.

The hepatic decompensation events were ascites, SBP, HE, variceal bleeding, and
hepatorenal syndrome, as defined by current guidelines”!l. Overall survival was
calculated from the end of the designated landmark period until the census date of
31t December 2017. Patients who died within the landmark period were excluded
from primary analysis to reduce biases.

Definition of PPI user status
In pharmacoepidemiologic studies, there are biases involved in comparing time-to-
event data for different groups as classification to “event” or “event-free” groups are
dependent on length of follow-up™™l. Therefore, by using the landmark method, a
fixed time after the initiation of therapy was selected as a landmark for conducting the
survival analysis, which would minimise immortal time, selection, and indication
bias. Taking this into consideration, we used a landmark period of 3 mo before to 6
mo after index hepatic decompensation admission (-3 mo to +6 mo), to define PPI user
status.

The period of 3 mo before index admission (-3 mo to time 0) was utilised as PPI use
in hospitalised cirrhotic patients, as it has been found to increase the risk of 1-mo and
3-mo hospital readmission rates!'”l. Exclusion of these patients who were on PPI just

Baishidengs WJG | https://www.wjgnet.com 4935 September 7,2019 | Volume 25 | Issue33 |


 https://f6publishing.blob.core.windows.net/a10da0fa-423a-4414-9ebb-a161b2da53f4/WJG-25-4933-supplementary-material.pdf
 https://f6publishing.blob.core.windows.net/a10da0fa-423a-4414-9ebb-a161b2da53f4/WJG-25-4933-supplementary-material.pdf
 https://f6publishing.blob.core.windows.net/a10da0fa-423a-4414-9ebb-a161b2da53f4/WJG-25-4933-supplementary-material.pdf

De Roza MA et al. PPl in liver cirrhosis

Table 1 Baseline characteristics between non-users and proton pump inhibitor users for the 6-

mo landmark period

Reishidenge WJG | https://www.wjgnet.com

Baseline characteristics Non-user(n=57) PPluser(n=238) P value
Gender, n (%) 0.96
Male 39 (68.4) 162 (68.1)

Female 18 (31.6) 76 (31.9)

Age in yr, Mean (+ SD) 60.0+13.3 633+124 0.07
Race, 11 (%) 0.95
Chinese 33 (57.9) 132 (55.5)

Malay 10 (17.5) 50 (21.0)

Indian 8 (14.0) 33 (13.9)

Others 6 (10.5) 23 (9.7)

Aetiology of cirrhosis, 1 (%) 0.07
Hepatitis B 11 (19.3 42 (17.6)

Alcohol 16 (28.1) 42 (17.6)

Hepatitis C 11 (19.3) 52 (21.8)

NASH 9 (15.8) 74 (31.1)

Autoimmune 4(7.0) 4(1.7)

Others 6 (10.5) 24 (10.1)

Index hepatic event, n (%)

HCC 6 (10.5) 20 (8.4) 0.61
Ascites 37 (64.9) 121 (50.8) 0.06
SBP 4(7.0) 15 (6.3) 0.77
HE 9 (15.8) 59 (24.8) 0.15
Variceal bleed 8 (14.0) 53 (22.3) 0.17
History of the following, 7 (%)

HCC 0(0.0) 9(3.8) 0.21
Ascites 9 (15.8) 32 (13.4) 0.65
HE 1(1.8) 10 (4.2) 0.70
Variceal bleed 9 (15.8) 42 (17.6) 0.74
SBP 2(3.5) 6(2.5) 0.65
Biochemical results at baseline;

Mean (+ SD) or median (IQR)

Albumin in g/L 27.0+47 281+6.2 0.14
INR 1.12 (1.01-1.26) 1.13 (1.03-1.28) 0.73
Creatinine in pmol/L 79.0 (65.0-124.5) 86.0 (66.8-117.0) 0.58
Bilirubin in pmol/L 29.4 (17.0-56.8) 25.9 (16.3-74.0) 0.16
Platelet count as 10°/L 105.5 (67.3-150.3) 104.0 (71.0-159.0) 0.82
Haemoglobin in g/dL 114+23 10.8+2.6 0.15
MELD, median (IQR) 11.0 (8.0-14.5) 10.5 (8.0-14.3) 0.56
Medical comorbidities, 1 (%)

GERD 0(0.0 19 (8.0) 0.03
Esophagitis ( 17 (7.1) 1.00
Peptic ulcer disease 1(1.8 32 (13.4) 0.01
Type 2 diabetes' 0.16
None 33 (57.9) 105 (44.1)

Uncomplicated 14 (24.6) 70 (29.4)

End-organ damage 10 (17.5) 63 (26.5)

Malignancy' 0.84
None 47 (82.5) 199 (83.6)
Leukaemia/lymphoma/localised solid tumour 8 (14.0) 33 (13.9)

Metastatic solid tumour 2(3.5) 6 (2.5)

HIV/AIDS' 1(1.8) 2(0.8)

Renal impairment’ 9 (15.8) 51 (21.4)

Congestive heart failure' 4(7.0) 21 (8.8)
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Myocardial infarct' 2(3.5) 33 (13.9)
COPD' 2(3.5) 9(3.8)
PVD! 0(0.0) 4(1.7)
CVA/TIA 2(3.5) 24 (10.1)
Dementia’ 1(1.8) 9(3.8)
Hemiplegia' 0(0.0) 3(1.3)
2(3.5) 4(17)

Connective tissue disease’
Baseline medications:

Antivirals for viral hepatitis:

Chronic HBV on long-term antivirals 2/11 (18.2) 14/42 (33.3) 0.48
Chronic HCV treated with DAA” 0/11 (0.0) 3/52 (5.8) 1.00
Use of other concurrent medications, > 3 mo use

Insulin 2(3.5) 42 (17.6) 0.01
Sulphonylureas 8 (14.0) 51 (21.4) 0.21
Insulin sensitisers 2(3.5) 24 (10.1) 0.11
Metformin 5(8.8) 45 (18.9) 0.07
DPP4 inhibitors 4(7.0) 2(0.8) 0.01
Antiplatelet 5(8.8) 45 (18.9) 0.067
Aspirin 5(8.8) 38 (16.0) 0.17
Statins 2(3.5) 29 (12.2) 0.06
ACE-I/ARB 4(7.0) 43 (18.1) 0.04
Non-selective beta blockers 8 (14.0) 81 (34.0) 0.003
Selective beta blockers 2(3.5) 22 (9.2) 0.19

!As defined by Charlson’s comorbidity index;

23 patients given 12 wk of sofosbuvir/daclatasvir/ribavirin for hepatitis C virus cirrhosis; direct acting
antiviral only became fully funded in early 2017. NASH: Non-alcoholic steatohepatitis; MELD: Model of end-
stage liver disease; GERD: Gastroesophageal reflux disease; HIV/AIDS: Human immunodeficiency
virus/acquired immune deficiency syndrome; COPD-Chronic obstructive pulmonary disease; PVD:
Peripheral vascular disease; CVA/TIA: Cerebrovascular accident/transient ischemic attack; DPP4:
Dipeptidyl peptidase-4; ACE-I/ ARB: Angiotensin converting enzyme inhibitor/angiotensin II receptor
blocker; DAA: Direct acting antiviral; HE: Hepatic encephalopathy; SBP: Spontaneous bacterial peritonitis;
HCC: Hepatocellular carcinoma; IQR: Interquartile range; PPI: Proton pump inhibitor.

prior to liver decompensation would be a bias. Two additional landmark periods
were used to validate the primary outcome: -3 mo to +3 mo and -3 mo to +9 mo.

PPI doses were defined using the “defined daily dose (DDD),” which is
recommended by the World Health Organization to objectively measure the
prescribed amount of a drug!™!. The cumulative defined daily dose (cDDD) =28 (=1
mo of use) of prescribed medication was chosen, as PPI exposure of 1 mo has been
reported to significantly cause adverse outcomes™l. For the current study, PPI users
were defined as those with a cDDD 2 28 within the landmark period. Patients with a
past history of PPI use more than 3 mo prior to index admission were excluded from
the study. Non-users were defined as those with cDDD < 28 within the landmark
period, those with no PPI prescribed during the landmark period, or those prescribed
with PPI after the landmark period regardless of the cumulative dosage.

Other relevant medication use at baseline, which could influence primary and
secondary outcomes were also considered. Long-term use of concurrent medication
was defined by more than 3 mo of medication prescribed, and was adjusted for in the
analysis (Supplementary Table 2).

Statistical analysis

Categorical data were presented as frequency (percentage). Numeric data were
presented as mean [standard deviation (SD)] for parametric distribution and median
[interquartile range (IQR)] for non-parametric distribution. The differences in
characteristics between PPI users and non-users were examined using the Chi-Square
test or Fisher’s Exact test for categorical variables, and two-sample t-test or Mann
Whitney U-test for numerical variables, where appropriate.

Propensity score (PS) was first generated using logistic regression to reduce the
selection bias of treatment allocation by balancing the characteristics of patients
between treatment and control groups. The characteristics of patients such as
demographics, aetiology of liver cirrhosis, history of HCC, and previous
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Table 2 Mortality risk of proton pump inhibitor users by landmark periods and cumulative dose
exposure

Periods Number of patients Adjusted HR (95%CI) P value
6-mo landmark: (-3 to +6 mo) Non-user = 57 PPI user = 238 Ref 2.10 (1.20-3.67) 0.009
3-mo landmark: (-3 to +3 mo) Non-user = 71 PPI user = 261 Ref 1.36 (0.90-2.06) 0.143
9-mo landmark: (-3 to +9mo)  Non-user = 42 PPI user = 221 Ref 3.44 (1.50-7.85) 0.003
Variable Dose Exposure Number of patients Adjusted HR (95%CI) P value
6-mo landmark: (-3 to +6 mo)

Non-user 57 Ref

c¢DDD 28-90 18 1.34 (0.48-3.73) 0.579
<¢DDD 91-180 27 2.27 (1.10-5.14) 0.038
<DDD > 180 193 2.08 (1.17-3.61) 0.011
3-mo landmark: (-3 to +3 mo)

Non-user 71 Ref

c¢DDD 28-90 24 1.49 (0.74-3.03) 0.266
<¢DDD 91-180 34 2.04 (1.13-3.07) 0.019
c¢DDD > 180 203 1.33 (0.87 - 2.03) 0.188
9-mo landmark : (-3 to + 9 mo)

Non-user 42 Ref

cDDD 28-90 20 4.02 (1.33-12.12) 0.013
c¢DDD 91-180 22 3.38 (1.17 - 9.82) 0.025
c¢DDD > 180 179 3.52 (1.53 - 8.09) 0.003

HR: Hazard ratio (with propensity score adjustment); CI: Confidence interval; cDDD: Cumulative defined
daily dose; PPI: Proton pump inhibitor.

decompensation (ascites, variceal bleed, SBP, HE, hepatorenal syndrome), medical co-
morbidities, baseline MELD score, and baseline medication use
(Supplementary Table 2), which could potentially confound the results on mortality
and hospitalisation risks were adjusted for. For any significant differences in PS
between the two groups, PS was further categorised into four quartiles in the two
groups separately for matching.

After PS adjustment for 43 clinically important confounding variables at baseline,
which could influence mortality and recurrent hepatic decompensation (Table 1), the
effect of PPI use on mortality was assessed using the Cox proportional hazards model.
Further variable landmark periods and subgroup analyses were performed to
determine subgroups with increased risk of mortality. For secondary outcome of
hospital admission for hepatic decompensation, Poisson regression (loglinear) was
used with adjustment for PS (similarly as for primary outcome) and overall survival
or number of days of follow-up. Relative risk and its 95% confidence interval (CI)
were presented. A two-tailed, P value < 0.05 was considered statistically significant.
Statistical analysis was performed with SPSS statistical software, version 19.0 (IBM
Corp., Armonk, NY, United States). Statistical analysis and review were performed by
biomedical statisticians.

RESULTS

A total of 2318 patients with ICD codings for liver cirrhosis at inpatient admissions
were identified. A final cohort of 511 patients was included for landmark analysis
(Figure 1), with 295 patients in the chosen landmark period of 6 mo. A total of 238
patients were PPI users and 57 were non-users; their baseline characteristics are
described in Table 1. There were no significant differences in history of SBP or HE,
between the PPI users and non-users. There was a higher usage of aspirin, anti-
platelet drugs, statins, and non-selective beta blockers in the PPI user group compared
to non-users. The baseline characteristics described were before propensity
adjustment.

Overall risk of mortality
In the 6-mo landmark cohort, 102 of 238 (42.9%) PPI users and 13 of 57 (22.8%) non-
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Figure 1 Consort diagram of landmark analysis. PPI: Proton pump inhibitor.
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users died during the median follow-up period of 551 (IQR: 231-1017) and 584 (289-
1152) d, respectively. Seven PPI users and one non-user underwent liver transplant
during the follow-up period, before cox regression.

PPI users had a higher risk of overall mortality, compared to non-users with
[adjusted HR (aHR) of 2.10, 95%CI (1.20-3.670); P = 0.009] (Table 2 and Figure 2). This
was also observed in the 9-mo landmark cohort with aHR 3.44, (1.50-7.85); P = 0.003.
In the 3-mo landmark cohort, the aHR was 1.36, but this was not statistically
significant (P = 0.143). Longer PPI exposure with cDDD 91-180 was associated with
higher mortality [aHR 2.27, (1.10-5.14); P = 0.038] compared to non-users in the 6-mo
landmark cohort (Table 2). Long-term PPI exposure with cDDD > 180 was also
associated with higher mortality in the 6-mo landmark cohort [aHR 2.08, (1.17-3.61); P
= 0.011] (Table 2) and the 9-mo landmark cohort [aHR 3.52, (1.53-8.09); P = 0.003].

Subgroup and sensitivity analyses for mortality

In the subgroup analyses, PPI users with MELD15 was associated with increased
mortality risk compared to non-users [aHR = 10.30, (1.41-75.58); P = 0.022] (Supple-
mentary Table 3). There was a trend towards significance among patients with viral
hepatitis aetiology [aHR 3.23, (0.99-10.52); P = 0.052], ascites [aHR 1.91, (0.96-3.78); P =
0.063], and those without prior decompensation at baseline [aHR 1.99, (0.98-4.00); P =
0.057] (Supplementary Table 3).
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Figure 2 Survival analysis of PPl users and non-users for the 6-mo landmark period. PPI: Proton pump
inhibitor.

Risk of hospitalisation for hepatic decompensation

The clinical characteristics of 335 PPI users and 116 non-users, for secondary outcome
analysis, are described in Supplementary Table 4. There were 835 and 231 hospital
admissions for PPI users and non-users respectively, for hepatic decompensation
during the follow-up period. PPI users had a higher incidence of hospital admissions
for hepatic decompensation with adjusted relative risk (aRR) of 1.61 [95%CI: 1.30-2.11,
P <0.001] (Table 3). Similar to the survival analysis for primary outcome, there was a
dose-dependent effect of PPI on increased risk of hospitalisations for hepatic
decompensation. Those with cDDD > 180 were more likely to have admissions for
hepatic decompensation [aRR 1.91, (1.49-2.45); P < 0.001], compared to non-users
(Figure 3).

DISCUSSION

In our study of patients with decompensated liver cirrhosis, PPI users had twice the
risk of mortality [aHR 2.10, (1.20-3.67); P = 0.009] compared to non-users after
adjusting for potential biases and confounders using landmark analysis, PS
adjustment, and defined daily doses. We also found that PPI users were 61% more
likely to have hospitalisation for hepatic decompensation than non-users [aRR = 1.61,
(1.30-2.15); P < 0.001]. Longer exposure to PPI with cDDD 91-180 increased mortality
risk [aHR = 2.27, (1.10-5.14); P = 0.038] and long-term PPI use with cDDD > 180 had a
higher risk of admission for hepatic decompensation compared to non-users (P <
0.001).

Previous studies have suggested that PPI use may be associated with a higher risk
of mortality. Dultz et all'l reported PPI use to be an independent predictor of mortality
in patients with compensated and decompensated liver cirrhosis [HR = 2.33,
(1.26-4.29); P = 0.007], but another study performed on hospitalised cirrhotic patients
did not show a difference in survival between PPI users and non-users!”. Hung ef all'"
studied the effect of inpatient PPI use on survival in cirrhotic patients admitted with
HE and reported a higher 30-d mortality in the PPI group (HR = 1.360, (1.208-1.532); P
< 0.001], but not in their separate study of patients with SBP'’.. These studies have not
shown consistent results on the association of PPI use and mortality, which could
potentially be related to issues with defining the duration of PPI exposure and the
classification of PPI user status, leading to potential biases. As PPI use is prevalent
particularly in patients with history of stroke or myocardial infarction, the mortality
analysis in this population should be adjusted for underlying cardiovascular disease
and the use of relevant medications. Our study showed that after correcting for these
different potential biases and 43 relevant confounders for mortality, decompensated
cirrhotic patients with PPI use, particularly with prolonged duration, have an
increased risk of mortality.

The use of PPI has been shown to induce gut dysbiosis**!, which could increase
the risk of hepatic decompensation with HE and SBPY'’.. Our study found that PPI
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Table 3 Hospital admissions for hepatic decompensation for proton pump inhibitor users and

non-users with decompensated liver cirrhosis

Hospital admissions for liver

Number of patients decompensation
Adjusted RR (95%Cl) P value

Entire cohort PPI user = 335 Non-user = 116 1.61 (1.30-2.11) <0.001
Dose exposure
Non-user 116 Ref
c¢DDD 28-90 49 0.65 (0.39-1.08) 0.10
c¢DDD 91-180 61 1.08 (0.74-1.59) 0.69
c¢DDD > 180 225 1.91 (1.49-2.45) <0.001

c¢DDD: Cumulative defined daily dose; RR: Relative risk; CI: Confidence interval; PPI: Proton pump inhibitor.

users with decompensated cirrhosis had a higher risk of portal hypertension-related
decompensations requiring hospital admission. Our study findings support the
evidence from a recent study showing increased all-cause, 1-mo, and 3-mo hospital
readmissions among cirrhotic patients!'.

There are several reasons that could explain higher mortality and increased
occurrence of hepatic events with PPI use in patients with decompensated liver
cirrhosis. First, pathological bacterial translocation increases with the severity of liver
diseasel*!. In decompensated cirrhosis, the secretion of antimicrobial peptides
diminishes, intestinal permeability increases, and small intestinal bacterial
overgrowth accelerates including enhanced transcellular epithelial crossing of viable
bacteria®!, all of which lead to an increased risk of pathologic bacterial translocation.
Second, gastric hydrochloric acid is bactericidal and is a defence mechanism from
ingested microorganisms”’. However, PPIs are strong gastric acid suppressants, thus
limiting this defence!®!. Furthermore, in liver cirrhosis, there is reduced hepatic
clearance of PPII"), which thus increases the overall PPI exposure. Last and perhaps
most importantly, PPIs also affect the gut microenvironment by modifying pH in the
stomach and small intestine and is proven to cause gut dysbiosis. Dysbiosis in
particular, can drive inflammasome-deficiency-associated changes through
microbiome derived metabolites, which worsens hepatic inflammation and produces
endotoxins that exacerbate intestinal permeability and inflammation®*l. These
potentially explain why PPI use is a known risk factor for bacterial infections, HE, and
SBP. Hence, PPI use, which diminishes the body’s natural defence from
microorganisms and causes dysbiosis, in combination with increased pathological
bacterial translocation in decompensated cirrhosis could increase hepatic
decompensation, infection risk, and ultimately mortality in patients with advanced
liver cirrhosis. In our subgroup analysis, PPI users with MELD > 15 were associated
with a higher mortality risk compared to non-users. This suggests that patients with
advanced cirrhosis are more prone to effects from dysbiosis, infections, and hepatic
decompensation. Further studies are required to see if active cessation of PPI in
advanced cirrhotic patients would improve survival.

In our study, we calculated PPI exposure using cumulative defined daily doses and
used fixed landmark periods to define users, past users and non-users. This method
reduces biases in selecting “users”. In the landmark analysis, PPI use 3 mo prior to
index admission was accounted for because PPI users with cirrhosis had increased 3-
mo hospital readmission rates compared to non-users!'?. Exclusion of the group
already exposed to PPI prior to decompensation would be a confounder and reduces
the true effect of PPI on hepatic decompensation and mortality. Furthermore, there
are significant baseline clinical characteristics, comorbidities, and concurrent
medications that would be associated with hepatic decompensation, cardiovascular
events, and ultimately overall mortality. Therefore, we considered PS adjustment for
these variables (Supplementary Tables 1 and 2).

Our study had several limitations. First, PPI use was measured using physician
prescriptions available in our electronic system. We do not have data on patient
adherence to the PPI prescribed or data from private practitioners. However, only
patients on follow-up at our hospital were included. Prescriptions from and
admission to private hospitals were very minimal. To mitigate indication bias of PPI
use, we included baseline comorbidities such as GERD, esophagitis, peptic ulcer
disease, and those on anti-platelet agents such as aspirin and clopidogrel. We could
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Figure 3 Survival analysis of PPl users and non-users with decompensated liver cirrhosis by cumulative
dose exposure in the 6-mo landmark cohort. PPI: Proton pump inhibitor.

not adjust for PPI use in functional dyspepsia, but this should not require long-term
PPI use. There are several residual confounders that could have impacted mortality
and hepatic decompensation in our study such as obesity!"], sarcopenia™*?, and
smoking™l. We adjusted for antibiotic use but did not include rifaximin, a non-
aminoglycoside semi-synthetic antibacterial, as it was only publicly funded in
Singapore towards the end of our study period and hence is not yet widely available.
Our study did not analyse hospital admission for other reasons without hepatic
decompensations such as pneumonia, C. difficile and enteric infections, which are
known associations with PPI usel**l. However, most episodes of hepatic
decompensation would be triggered as a result of infections and would hence be
captured in our study. We used all-cause mortality as an objective measure of primary
outcome. The exact cause of death was difficult to ascertain in this retrospective
study. For example, when a decompensated patient was admitted for HE and passed
on after developing aspiration pneumonia and SBP, it was unclear if the cause of
death was pneumonia or a liver-related death. Analysing dichotomised outcomes for
liver and non-liver related deaths would then introduce ambiguity and bias. Finally,
our study only analysed episodes of decompensation severe enough for
hospitalisation, but not those with mild decompensated cirrhosis managed as an
outpatient.

In conclusion, PPI use in patients with decompensated liver cirrhosis is associated
with higher mortality and severe hepatic decompensations requiring hospital
admission. Further prospective studies are required to confirm these findings and
determine causality. A cumulative defined daily dose > 90 has a higher risk of
mortality and PPI should be limited to a shorter duration and dosage if needed, or
stopped if there is no indication.

ARTICLE HIGHLIGHTS

Research background

Proton pump inhibitor (PPI) use is associated with an increased risk of mortality but is not well
studied in patients with decompensated liver cirrhosis. The impact and definition of significant
dose exposure are also not known. Although previous studies have looked into this relationship,
there are several unaddressed issues such as PPI users not being well defined, the presence of
many confounding factors, and indications for PPIs not being adjusted for. Also, this particular
patient population of decompensated cirrhotic patients has not been well studied. Our study
investigated if PPI use is independently associated with increased mortality risk in
decompensated liver cirrhosis after adjustment for indications, medications, baseline variables
and co-morbidities, and established the impact of dose exposure on mortality.

Research motivation

PPIs are prescribed widely and for long durations even in patients with liver cirrhosis. If a
convincing relationship with increased mortality risk and dose exposure is established, stopping
or shortening the duration of PPIs when possible should be strongly advocated.

Research objectives

This study confirms our main objective, that PPI usage in decompensated liver cirrhosis patients
is an independent factor associated with an increased risk of mortality. In addition, a longer dose
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exposure of more than 90 cumulative defined daily doses was found to significantly increase this
risk. We hence advocate reviewing PPI use in patients with liver cirrhosis with a view to shorten
or deprescribe when possible.

Research methods

This is a retrospective cohort study using a hospital database. PPI users were defined as those
with more than 28 defined daily doses used within a study landmark period. Users and non-
users were compared after adjusting for 43 variables including baseline characteristics,
comorbidities, PPI indications, and medications.

Research results

A total of 295 patients were included for analysis in the study. PPI users had a higher mortality
compared to non-users and longer PPI use with more than 90 cumulative defined daily doses
was associated with higher mortality. PPI users also had a higher incidence of hospitalisation for
hepatic decompensation.

Research conclusions

The impact of varying PPI dose exposure in decompensated cirrhotics has not been previously
described. This study showed that a cumulative defined daily dose > 90 is associated with higher
mortality in patients with decompensated liver cirrhosis. Patients with decompensated liver
cirrhosis have increased intestinal permeability and decreased hepatic clearance of PPIs, which
predispose to gut dysbiosis and increases the risk of severe hepatic decompensation and
ultimately mortality. Higher dose exposure to PPI worsens this. PPIs can be harmful when given
for long durations in patients with decompensated liver cirrhosis by increasing the risk of further
decompensation and death. Longer PPI dose exposure, in particular more than 90 cumulative
defined daily doses can be harmful in patients with decompensated liver cirrhosis. PPIs inhibit
the bactericidal effect of gastric hydrochloric acid and predispose to gut dysbiosis. When used in
patients with decompensated liver cirrhosis who have decreased hepatic clearance of PPI, there
is increased dose exposure that can potentially cause more harm. PPI users were well defined in
this study by using defined daily doses and a cumulative dose > 28 within a landmark period.
Also, users and non-users were compared after important adjustments such as indication for PPI
use and medication use such as antiplatelets, which were not accounted for in prior studies. PPI
use should be reviewed regularly especially in patients with liver cirrhosis. It should be stopped
when there are no indications. If PPIs are indicated, dosage should be reduced to the lowest
possible dose.

Research perspectives

There were potential confounding factors that could have affected the results. However, this
represents real world data and the current difficulties faced. The differences were also minimised
using statistical methods such as propensity adjustment or matching. Future research should be
conducted to prove the mechanisms on how PPIs modulate gut microbiota causing dysbiosis
and hepatic decompensations and also to determine if PPI withdrawal can reverse mortality risk.
Larger cohort, prospective studies should be performed with a view on proving causality.
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