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Purpose: Clostridioides difficile infection (CDI) is one of the most common health care- 
associated infections in the United States. Studies revealed a higher mortality when CDI is 
associated with liver cirrhosis. We aim to present the outcomes of CDI among patients with 
and without liver cirrhosis and to analyze the association of Model for End-Stage Liver 
Disease (MELD) and Child-Pugh (CPT) scoring with the severity of CDI.
Methods: A retrospective observational study was conducted in hospitalized patients with 
CDI diagnosed via a 2-step method – glutamate dehydrogenase (GDH) and toxin polymerase 
chain reaction (PCR). Patients with liver cirrhosis were identified based on ICD codes and 
chart review. MELD and CPT scores were calculated using laboratory parameters at the time 
of hospitalization. We compared CDI-related mortality in patients with and without cirrhosis 
and reviewed the CDI severity distribution in cirrhosis patients.
Results: A total of 526 patients were included in the study, of which 478 (90.87%) were 
non-cirrhotic and 48 (9.13%) were cirrhotic patients. Mortality rate was higher in cirrhosis 
group compared to the non-cirrhosis group (39.6% vs. 14.6%,P = 0.001). Among cirrhosis 
patients, those who survived had lower MELD score compared to the expired group (14.9 vs. 
18.58, P = 0.106). There was no correlation of mortality based on CPT score in the cirrhosis 
group (P = 0.062). In post hoc analysis comparing the severity of CDI to liver cirrhosis, 
cirrhosis patients are more likely to present with severe-complicated disease. Multivariate 
logistic regression identified liver cirrhosis, severe-complicated CDI and serum albumin 
level as independent predictors of mortality.
Conclusion: Our study noted a more severe disease presentation and higher mortality in 
patients with cirrhosis admitted with CDI. Further studies are required for better under-
standing of the clinical course of CDI in cirrhosis and to evaluate the need for early 
intervention in this patient group.
Keywords: clostridioides difficile infection; CDI, cirrhosis, mortality, severity, Model for 
End-Stage Liver Disease; MELD, Child-Pugh; CPT

Introduction
Clostridioides difficile infection (CDI) is an anaerobic, spore-producing gram positive 
bacterium. The infection can range anywhere from being an asymptomatic carrier to 
fulminant colitis.1 CDI is one of the most common causes of health care-associated 
diarrhea in the United States.2 There are around 453,000 patients diagnosed with a new 
CDI with an estimated cure 30 day mortality of 9.3%.3 CDI has a significant health care 
expenditure with estimated annual health care costs of $4.8 billion4 and there was has 
been significant increment in managing the primary and recurrent CDI.5

Severity scores consist of the attributes of inflammatory markers of CDI-related 
sepsis as depicted by the albumin, leukocytosis, renal injury or requirement of the 

Correspondence: Suresh Kumar Nayudu  
Bronx Care Health System, Affiliated with 
Icahn School of Medicine at Mount Sinai, 
1650 Selwyn Ave, Bronx, NY, USA  
Tel +1 2122035476  
Fax +1 7189602055  
Email SNAYUDU@bronxleb.org

Clinical and Experimental Gastroenterology 2021:14 229–235                                             229
© 2021 Mantri et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical and Experimental Gastroenterology                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 5 March 2021
Accepted: 11 May 2021
Published: 3 June 2021

C
lin

ic
al

 a
nd

 E
xp

er
im

en
ta

l G
as

tr
oe

nt
er

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-3638-9495
http://orcid.org/0000-0002-5798-9046
mailto:SNAYUDU@bronxleb.org
http://www.dovepress.com/permissions.php
https://www.dovepress.com


critical care monitoring. The CDI severity is classified 
based on crude 30-day mortality or need for the 
colectomy.6 However, other parameters like liver cirrhosis, 
which could contribute to higher mortality, have not been 
accounted in decision algorithm for CDI management.

Use of antibiotics and proton pump inhibitors are some 
of the well-known risk factors for CDI.7 In lieu of the 
antibiotic use for sub-acute bacterial peritonitis prophy-
laxis and proton pump inhibitor for gastrointestinal bleed-
ing, the prevalence of the CDI is higher in patient with 
liver cirrhosis.8 Based on the Nationwide Inpatient Sample 
(NIS) database, the CDI-related mortality is higher in 
patient with liver cirrhosis compared those no cirrhosis 
(13.8% vs. 8.2%).9 Most of the studies regarding CDI in 
cirrhotic patient is from the National patient database.9,10 

Hence, there is limited data on the severity of CDI in 
patient with liver cirrhosis and impact of liver cirrhosis 
severity on outcome of the CDI.

In our retrospective study we evaluated the impact of 
liver cirrhosis on CDI outcome of mortality including 
comparison of variance in the CDI severity in patient 
with liver cirrhosis and no cirrhosis. We also wanted to 
see if the liver cirrhosis severity factors, like Model for 
End-Stage Liver Disease (MELD) score or the Child-Pugh 
(CPT) Score, had any impact on the CDI severity.

Materials and Methods
Our study is a retrospective review of all hospitalized 
patients at BronxCare Health System. The study protocol 
has been reviewed and approved by institutional Internal 
Review Board (IRB) of Bronx Care Health System - IRB 
number # 05 11 17 05. Patient’s consent was not required 
by the IRB as the study is retrospective. The patient data 
accessed complied with relevant data protection and priv-
acy regulations. The study was performed as per the 
Declaration of Helsinki.

Study Population
The study population includes all hospitalized patients 
above the age of 18 admitted with or diagnosed with 
CDI during the hospital stay. We include patients admitted 
from July 1, 2014 to December 30, 2017. Diagnosis of 
CDI was established with a 2-step method: positive GDH 
and positive stool Cepheid GeneXpert® PCR test for toxin 
A and B in patients with clinical features suggestive of 
CDI at any point during the hospital stay.

Liver Cirrhosis
The diagnosis of liver cirrhosis was established through 
abstraction of ICD-10 and ICD-9 coding in the electronic 
medical record (EMR). Diagnosis of liver cirrhosis was 
confirmed through the chart review. The MELD and CPT 
scores were based on the laboratory parameters at time of 
hospitalization.

CDI Severity
We drafted a protocol to classify the CDI severity based on 
the recommendation drafted by American College of 
Gastroenterology, which was in affect at the time of the 
management of patients. The severity for the CDI were 
graded into three categories: mild to moderate, severe, and 
severe to complicated category.11

Laboratory Parameters and Co-Morbid 
Medical Conditions
We abstracted the demographic details, comorbidities, 
laboratory tests, radiographic test results, review of the 
medical charts and medication history. The co- 
morbidities abstracted using the ICD-10 and ICD-9 codes 
from the EMR. Laboratory parameters used to gauge the 
severity of CDI were abstracted from the day of the 
collection of the stool specimen for the CDI stool toxin.

Study Outcome
The primary outcome of the study was to compare the 
mortality during the hospitalization in patient with CDI 
and liver cirrhosis vs. those with no liver cirrhosis. We 
also wanted to review the CDI severity distribution for the 
patients with liver cirrhosis vs. with no liver cirrhosis. We 
intended to further evaluate if the liver cirrhosis severity 
impacted the mortality in patients with CDI.

Statistical Analysis
We performed the statistical analysis with IBM SPSS 
(Statistical Packages for the Social Sciences) version 
19. For comparing the baseline characteristics, we used 
frequencies and percentages for categorical variable, for 
the numerical continuous variables we used mean and 
standard deviation. We used chi-square analysis with 
Pearson test for the dichotomous variables and the 
Student’s t-test for the for the continuous variable. A two- 
tailed value of <0.05 was considered statistically signifi-
cant. We performed the regression analysis to compute 
the statistically significant independent predictors of the 
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mortality. One-way ANOVA and post-hoc analysis were 
used to evaluate the severity distribution of CDI in 
patients with liver cirrhosis vs. those with no liver cir-
rhosis and adjusted residual of above 1.8 was considered 
significant. The normality test was performed and vari-
able with the skewed deviation were presented as median 
and interquartile range. The comparison for the same is 
performed with Mann–Whitney U-test. We performed the 
regression analysis for analyzing the predictor of mortal-
ity in patients with CDI. A log rank test is used to analyze 
the mortality distribution amongst the patient with liver 

cirrhosis and no liver cirrhosis and results are represented 
with Kaplan–Meier curves.

Results
A total of 526 patients who were hospitalized during the 
study period and had a diagnosis of CDI were included 
in the study: 48 (9.13%) had liver cirrhosis and 478 
(90.87%) had no cirrhosis. Table 1 describes the distri-
bution of the patients’ demographics, comorbidities and 
laboratory parameters of the patients included in the 
study.

Table 1 Characteristics of the Patients With and Without Liver Cirrhosis

Cirrhosis (n = 48) No Cirrhosis (n = 478) p value

Demog2raphics

Age, years – mean (±SD) 58.94 (±11.01) 57.60 (±15.79) 0.567

0.031

Male Gender – n (%) 19 (39.58) 267 (55.86)

Ethnicity – n (%) 0.269

Hispanic 25 (52.08) 253 (52.93)

African American 12 (25.00) 148 (30.96)
Caucasian 7 (14.58) 33 (06.90)

Others 4 (08.33) 44 (09.21)

Associated comorbidities – n (%)

Hypertension 38 (79.17) 337 (70.65) 0.213

Diabetes mellitus 26 (54.17) 262 (54.9) 0.92
ESRD 5 (10.42) 63 (13.21) 0.583

CHF 11 (22.92) 156 (32.70) 0.165

Presence of other infections – n (%)

Sepsis 21 (43.75) 233 (48.85) 0.501
Pneumonia 25 (52.08) 281 (58.91) 0.361

Urinary tract infection 15 (31.25) 145 (30.40) 0.903

Laboratory parameters – mean (±SD)

WBC, k/ul 17.61 (±14.20) 15.73 (±/-9.52) 0.222

Serum Albumin, g/dL 3.46(+0.85) 2.8(+0.7) 0.001
BUN, mg/dl 41.88 (±29.51) 36.09 (±33.14) 0.246

Serum Creatinine, mg/dl* 1.1(3) 1.75(3.3) 0.273

Serum Potassium, mEq/L 3.26 (±0.63) 3.36 (±0.71) 0.374
Serum Chloride, mEq/L 92.07 (±15.39) 95.25 (±8.76) 0.029

Serum Bicarbonate, mEq/L 15.04 (±5.44) 17.43 (±5.53) 0.005

Lactate, mmoles/L* 2(±2) 3.17 (±3.63) 0.22

Outcome

Mortality – n (%) 19(39.6%) 2.7(3) 0.15
Length of Stay, days – median (IQR)* 2 (6) 2(5) 0.0806

Notes: The above data is being presented using n (%) and mean ± standard deviation; *Continuous variable represented with Median (interquartile range) and comparison is 
made with the Mann–Whitney U-test. 
Abbreviations: ESRD, end-stage renal disease; CHF, congestive heart failure; WBC, white blood cell; BUN, blood urea nitrogen.
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The non-cirrhosis group had a higher percentage of 
males than females (55.86% vs. 44.14%; P = 0.031). We 
assessed various comorbidities like hypertension, diabetes, 
end-stage renal disease (ESRD) and congestive heart fail-
ure (CHF); no statistical difference was observed between 
the groups.

Among the laboratory parameters, the differences in 
the mean albumin, mean chloride and mean bicarbonate 
levels were statistically significant. The mean albumin 
levels were higher in the cirrhosis group compared to the 
non-cirrhosis group (3.46 mg/dl vs. 2.8mg/dl; P = 0.001) 
The mean chloride levels among the cirrhosis group and 
the non-cirrhosis group were 95.07 mEq/L vs. 92.25 mEq/ 
L (p = 0.029). The mean bicarbonate levels were 15.04 
mEq/L vs. 17.43 mEq/L (p = 0.005) respectively.

The overall mortality rate for the patients hospitalized 
with the CDI was 16.9% (89/526), of which cirrhotic 

patients had a higher mortality rate compared to the non- 
cirrhosis patients, 39.6% vs. 14.6%, respectively (P = 
0.001). The patients with liver cirrhosis had shorter length 
of stay of 4.19, as compared to 6.08 days in patients with 
no liver cirrhosis, however this difference was not statis-
tically significant. A log rank test determined that patients 
with liver cirrhosis had a statistically different survival 
pattern than those with no liver cirrhosis (P < 0.001). 
This comparison in survival can be seen in the Kaplan– 
Meier curves in Figure 1.

A one-way ANOVA and post-hoc analysis (Table-2), 
revealed that patients with liver cirrhosis are more likely 
to have severe presentation of CDI (43.8%, n = 21), 
whereas mild CDI (70.7%, n = 338) was the most 
common severity presentation in patients with no liver 
cirrhosis. This distribution was statistically significant, 
with P = 0.001.

Figure 1 Kaplan–Meier curves.
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Multivariate logistic regression of predictors of mortal-
ity (Table 3) showed that liver cirrhosis had an odds ratio 
of 0.55 (95% confidence interval [CI] = 0.255–0.86; P = 
0.047). Patients with severe CDI and severe-complicated 
CDI had an odds ratio for mortality of 1.7 (0.845–3.53; 
P = 0.134) and 6.33 (3.18–13.8; P = 0.001) respectively. 
The odds of elevations in leucocyte count, serum creati-
nine and serum albumin were 1.02 k/ul (0.99–1.05; P = 
0.06), 1.08 mEq/L (1.02–1.19; P = 0.054) and 0.485 
(0.343–0.686; P = 0.001) respectively.

Table 4 depicts the demographic and severity of liver 
disease distribution in patients with CDI and liver cirrho-
sis. Our study showed a mortality of 39.5% (n = 19) in this 
group. Patients who expired had a mean age of 57.05 years 
compared to the survivors whose mean age was 60.17 
years (P = 0.003).

As for the severity of cirrhosis, both MELD and CPT 
scores were calculated. The MELD score of patients with 
liver cirrhosis and CDI who expired was higher, 18.58 
(±8.73), for the patient who expired compared to those 
who survived, 14.97 (±6.46), but this difference is not 
statistically significant. The majority of patients who 
expired with the CPT-A, 52.6%, as compared to 37.9% 
of patients with CPT-A in those who survived. 
The majority of the patients with CDI and the liver 

cirrhosis had severe to complicated presentations of CDI 
(57.8%, n = 11).

Discussion
Our study data confer the prior published report revealing 
a significantly higher mortality in patients with liver cir-
rhosis and CDI compared to those with no liver cirrhosis 
and CDI.9,12 The patients with the liver cirrhosis has high 
susceptibility for CDI due to altered bowel microbial flora 
from bacterial translocation, increased antibiotics and pro-
ton pump inhibitor use, and frequent hospitalization.13,14 

However, the precise mechanism of the poor outcomes of 
CDI in patients with the liver cirrhosis has been poorly 
understood.

Patients with liver cirrhosis have a dysfunctional 
immune response to sepsis and tend to mount an altered 
inflammatory response to the inciting infection.15 Mild 
presentation is the most common clinically severity of 
CDI, and in our study 70% of patients with no liver 
cirrhosis did present with mild severity. However, in 

Table 2 Post Hoc Analysis of CDI Severity and Liver Cirrhosis

Mild- 
Moderate 
CDI

Severe 
CDI

Severe- 
Complicated 
CDI

P = 
0.001

Liver Cirrhosis 

Present – n (%)

18 (37.5) 9 (18.8) 21 (43.8)

Adjusted Residual −4.7 0.1 6.3

Liver Cirrhosis 

Absent – n (%)

338 (70.7) 88(18.4) 52 (10.9)

Adjusted Residual 4.7 −.1 −6.3

Table 3 Binomial Logistic Regression of Predictors of Mortality

Variable Odds Ratio p-value

Age 1.01 (0.985–1.02) 0.49

Gender (Male) 1.08 (0.63–1.87) 0.81

Liver Cirrhosis 0.55(0.255–0.86)) 0.047
Severe CDI 1.7(0.845–3.53) 0.134

Severe to Complicated CDI 6.33(3.18–13.8) 0.001

leukocyte count 1.02(0.99–1.05) 0.06
Serum. Creatinine 1.08 (1.02–1.19) 0.054

Serum. Albumin 0.485(0.343–0.686) 0.001

Table 4 Demographic Distribution of Patients with Liver 
Cirrhosis and CDI

Survived 
(n = 29)

Expired 
(n = 19)

p value

Age, years – mean (±SD) 60.17 (±9.99) 57.05 (±12.46) 0.003

Length of Stay, days – 
mean (±SD)

3.66 (±5.03) 5.00 (±5.06) 0.371

Male Gender – n (%) 17 (58.62) 12 (63.16) 0.753

Ethnicity – n (%) 0.301

African American 8 (27.59) 4 (21.05)

Hispanic 16 (55.17) 9 (47.37)

Caucasian 2 (06.90) 5 (26.32)

Others 3 (10.34) 1 (5.26)

MELD score – mean 
(±SD)

14.97 (±6.46) 18.58 (±8.73) 0.106

Child-Pugh Score – 
mean (±SD)

0.062

CPT-A 11 (±37.93) 10 (±52.63)

CPT-B 8 (±27.59) 8 (±42.11)

CPT-C 10 (±34.48) 1 (±5.26)

C. difficile severity – 
n (%)

0.15

Mild to Moderate 14 (48.27) 4 (20.15)

Severe 5 (17.24) 4 (20.15)

Severe to Complicated 10 (34.49) 11 (57.89)

Abbreviations: MELD score, Model for End-Stage Liver Disease score; CPT, 
Child-Pugh Score.
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patients with liver cirrhosis clinically severe to compli-
cated CDI remains the most common presentation, 
accounting for up to 43.8% of patients with liver cirrhosis.

Patients with liver cirrhosis tend to have lower levels of 
serum albumin and it is predictor of poor outcomes and 
increased mortality.16 Serum albumin levels are also used 
in triaging the severity of the CDI patients, hence this would 
explain the increment in severe to complicated CDI presenta-
tion in patients with liver cirrhosis. However, on multivariate 
logistic regression serum albumin level and liver cirrhosis 
both were independent predictors of mortality in patient with 
CDI. This outcomes denotes that liver cirrhosis as an inde-
pendent predictor of CDI outcomes, rather than an indirect 
affect through hypoalbuminemia.

The more severe presentations of CDI can increase the 
mortality in patients with liver cirrhosis. However, multi-
variate logistic regression analysis did identify liver cir-
rhosis as an independent predictor of mortality. The CDI 
induced sepsis can lead to new-onset or worsening of the 
pre-existing decompensation of liver cirrhosis leading to 
high mortality rate.17 Liver cirrhosis can affect mortality in 
patients with CDI irrespective of the severity of the illness. 
Hence, it is worthwhile to evaluate for escalation of the 
antibiotics therapy for CDI in patients with liver cirrhosis.

Hong et al, in a study of 701 cirrhotic patients, showed 
that the MELD score is an independent predictor of mor-
tality in patients with CDI and cirrhosis. In our study we 
noticed that patients with liver cirrhosis who survived had 
lower MELD scores compared to those who died from 
CDI (14.9 vs. 18.58), however due to the lower number 
of patients with liver cirrhosis and CDI, we were unable to 
evaluate for a statistically significant correlation. CPT 
scoring is also utilized to assess prognosis in patient with 
liver cirrhosis. The utility of prognosis scoring for the 
MELD and CPT scores varies in different clinical condi-
tions. The MELD score is opined to have a better sensi-
tivity than the CPT score in assessing the prognosis of 
patients with liver cirrhosis in a critical care setting.18 In 
our study we did not see a correlation of mortality using 
the CPT score in patients with liver cirrhosis.

Besides the higher mortality rate in patients with CDI and 
liver cirrhosis, we also noticed a difference in the mortality 
pattern in patients with liver cirrhosis and CDI (Figure 1). 
CDI tends to have an aggressive course in patients with liver 
cirrhosis compared to those with no liver cirrhosis, leading to 
early mortality in the course of disease. The higher mortality 
in patients with liver cirrhosis may have contributed to the 
shorter length of stay. This data can be utilized to follow-up 

on antibiotic response for patients with CDI and decide on an 
early escalation of therapy.

Our study has several limitations. The study is a single- 
center retrospective review. We have utilized the CDI sever-
ity criteria that were in effect in 2013, until the most recent 
recommendations changed the management protocol. We 
had a smaller group of patients with liver cirrhosis and 
hence had low power in concluding the impact of the 
MELD score on CDI-related mortality. The lower number 
of the liver cirrhosis patients also limited us from analyzing 
the impact of liver cirrhosis on mortality rates in mild CDI 
infections.

Conclusion
CDI does impact the mortality outcome in patients with 
liver cirrhosis. Patients with liver cirrhosis tend to present 
with a clinically severe to complicated CDI compared to 
those with no liver cirrhosis. However, liver cirrhosis is an 
independent predictor of mortality irrespective of the CDI 
severity. Patients with a higher MELD score in liver cir-
rhosis tend to have poor outcomes with CDI infection. 
Further studies are needed for better understanding of the 
clinical course of CDI in cirrhosis and to evaluate the need 
for early intervention in this group of patients.
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