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ARTICLE INFO ABSTRACT
Arﬁc{e History: Introduction and Objectives: Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease
Received 24 August 2023 worldwide and can progress to non-alcoholic steatohepatitis (NASH) and, ultimately, cirrhosis. Clostridioides
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- A difficile is the most common nosocomial cause of diarrhea and is associated with worse clinical outcomes in
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other liver diseases, including cirrhosis, but has not been extensively evaluated in concomitant NAFLD/NASH.
Materials and Methods: We conducted a retrospective cohort study using the National Inpatient Sample data-
base from 2015 to 2017. Patients with a diagnosis of CDI, NAFLD, and NASH were identified using Interna-
tional Classification of Diseases (Tenth Revision) codes. The outcomes of our study include length of stay,
hospitalization cost, mortality, and predictors of mortality.
Results: The CDI and NASH cohort had a higher degree of comorbidity burden and prevalence of peptic ulcer
disease, congestive heart failure, diabetes mellitus, and cirrhosis. Patients with NASH and CDI had a signifi-
cantly higher mortality rate compared to the CDI only cohort (mortality, 7.11 % vs. 6.36 %; P = 0.042). Patients
with CDI and NASH were at increased risk for liver-related complications, acute kidney injury, and septic
shock (P < 0.001) compared to patients with CDI only. Older age, intestinal complications, pneumonia, sepsis
and septic shock, and liver failure conferred an increased risk of mortality among the CDI and NASH cohort.
Conclusions: Patients with NASH had a higher rate of liver-related complications, progression to septic shock,
and mortality rate following CDI infection compared to the CDI only cohort.
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1. Introduction inflammation, and necrosis. NASH can eventually lead to liver cirrho-
sis and end-stage liver disease and is the fastest-growing indication
for liver transplantation [1]. Currently, new nomenclature of meta-

bolic dysfunction-associated steatotic liver disease (MASLD) and met-

Non-alcoholic fatty liver disease (NAFLD) encompasses a spec-
trum of diseases characterized by hepatic steatosis; however, it can

progress to non-alcoholic steatohepatitis (NASH), which involves
progression of fatty infiltration leading to hepatocyte injury,

Abbreviations: AIDS, acquired immunodeficiency syndrome; AKI, acute kidney injury;
CVA, cerebral vascular accident; CCI, Charlson Comorbidity Index; COPD, chronic
obstructive pulmonary disease; CKD, chronic kidney disease; CDI, Clostridioides difficile
infection; CI, Confidence interval; CHF, congestive heart failure; DM, diabetes mellitus;
HCUP, Healthcare Cost and Utilization Project; ICD, International Classification of Dis-
eases; IRB, International Review Board; LOS, length of stay; NKT, natural killer T cell;
NIS, National Inpatient Sample; NAFLD, Non-alcoholic fatty liver disease; NASH, Non-
alcoholic steatohepatitis; ORs, Odds ratios; PVD, peripheral vascular disease; TIA, tran-
sient ischemic attack
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abolic dysfunction-associated steatohepatitis (MASH) have been
chosen to replace the terms NAFLD and NASH, respectively [2].
Clostridioides difficile (C. difficile) infection (CDI) is one of the most
common nosocomial infections with increasing incidence in the
United States and worldwide [3]. It is associated with increased
healthcare burden by extending the length of stay, ICU admissions,
and overall increases in treatment and hospitalization costs [4]. Pre-
vious studies have shown that CDI have been responsible for up to
$4.8 billion in excess healthcare costs annually for acute care facilities
alone [5]. CDI is associated with significant mortality and morbidity,
with an all-cause mortality rate of approximately 13 % to 30 % [6,7].
According to the CDC, over half a million people are infected with
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C. difficile annually, with approximately 29,000 deaths within one
month of initial diagnosis with C. difficile. Additionally, it is estimated
that 20—30 % of patients with an initial CDI will develop a recurrent
infection [8]. Major risk factors for CDI include previous antibiotic use
(particularly clindamycin), advanced age, recent healthcare exposure,
inflammatory bowel disease, and immunosuppression [9].

CDI is associated with worse clinical outcomes in cirrhosis, partic-
ularly a higher occurrence rate, higher recurrence rate (35 % vs. 20 %
non-cirrhosis), and higher mortality rate (14 % vs. 8 % non-cirrhosis)
[10-12]. NAFLD is a risk factor for CDI, and recurrent CDI and is associ-
ated with worse intestinal complications [13,14]. Although NAFLD
has been associated with higher incidences of CDI, there are limited
studies evaluating key CDI clinical outcomes, including mortality,
morbidity, complications, and hospital utilization in NAFLD/NASH
patients. With the utilization of the National Inpatient Sample (NIS),
we assessed the impact of NAFLD/NASH in hospitalized patients with
CDI on (i) mortality, (ii) healthcare burden, (iii) complications, and
(iv) predictors of mortality.

2. Materials and Methods
2.1. Data source

The Healthcare Cost and Utilization Project (HCUP) is a collec-
tion of databases, including the NIS database. The NIS dataset is
the largest available dataset and includes publicly available, de-
identified, inpatient data from hospitalized patients across the
United States. The dataset is encoded by International Classifica-
tion of Diseases (ICD) codes from more than 1000 hospitals, rep-
resenting a stratified sample of approximately 20 % of all hospital
admissions in the United States. NIS Data does not include data
from long-term acute care hospitals and rehabilitation hospitals.
ICD, Tenth Revision and Clinical Modification (ICD-10-CM) codes
were used to identify patients with a history of NAFLD (K76.0),
NASH (K75.81), and CDI (A04.7). Primary and secondary diagno-
ses within the study population. International Review Board (IRB)
approval was not required as the HCUP-NIS database omits
patient identifiers. HCUP data use agreements were signed, sub-
mitted, and approved for data access.

2.2. Study design & study population

We performed a retrospective cohort study including patients >
18 years of age using the NIS from January 1st, 2015, to December
31st, 2017. Patients with C. Difficile infection, NAFLD, and NASH were
identified using ICD-10 codes. Patients with diagnoses of both NAFLD
and NASH were excluded.

2.3. Definition of variables

Demographic variables included age, gender, race/ethnicity,
BM]I, and patient’s insurance. Primary outcome variables included
length of stay, hospitalization costs, and inpatient mortality. A
medical history comorbidity profile was obtained from each par-
ticipant during the baseline period using ICD-10-CM codes. The
comorbidity profile included hypertension, liver disease, cirrhosis,
myocardial infarction, congestive heart failure (CHF), peripheral
vascular disease (PVD), cerebral vascular accident (CVA)/transient
ischemic attack (TIA), chronic obstructive pulmonary disease
(COPD), connective tissue disease, diabetes mellitus (DM), peptic
ulcer disease, chronic kidney disease (CKD), solid tumor, leuke-
mia, lymphoma, and acquired immunodeficiency syndrome
(AIDS). The total weighted Charlson Comorbidity Index (CCI) score
was calculated for each population.
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2.4. Outcomes

The primary outcomes were mortality, length of stay (LOS), and
hospital costs in patients with CDI only, CDI and NAFLD, or CDI and
NASH. Secondary outcomes included clinical complications, namely
acute kidney injury (AKI), pneumonia, respiratory failure, ventilatory
dependence, acute pulmonary embolism, intestinal perforation, peri-
tonitis, toxic megacolon, acute liver failure, liver failure, and liver can-
cer. Demographics, comorbidities, and complications were studied to
determine mortality-associated risk factors.

2.5. Statistical analysis

Patient demographics, comorbidity profile, and primary and sec-
ondary outcomes were summarized using median frequencies with
percentages for categorical variables or median with interquartile
range for continuous variables. Bivariate analyses were completed
using t-tests for normally distributed continuous variables and either
Pearson’s Chi-Square or Fisher exact tests for categorical variables.
Normality was assessed using Shapiro-Wilk testing along with visual
inspection of quantile-quantile plots. Post hoc analysis was per-
formed using Bonferroni correction methods. Multiple logistic regres-
sion models and resulting odds ratios (ORs) [with 95 % confidence
intervals (Cls)] were used to test for association between the two
diagnosis groups and the outcomes of mortality further adjusting for
demographics and additional clinical characteristics. All reported P-
values are 2-sided and the significance cut-off was set to a value of
0.05. All analyses were completed using SAS version 9.4 (SAS Insti-
tute, Cary, North Carolina).

2.6. Ethical statement

International Review Board (IRB) approval was not required as the
HCUP-NIS database omits patient identifiers.

3. Results
3.1. Sample characteristics and comorbidity profiles

A total of 761,175 patients with CDI were included and, 11,335
(1.49 %) had NAFLD, and 4365 (0.57 %) had NASH (Fig. 1). Demo-
graphic and comorbidity differences between the CDI only (G1), CDI
and NASH (G2), and CDI and NAFLD cohort (G3) are presented in
Table 1. Compared to the total sample and CDI only cohort, CDI
patients with NAFLD and NASH were younger, with a mean age of
55.16 and 62.63 years old, respectively (P < 0.001). Females and Cau-
casian ethnicity represent a majority of the study population, with a
significantly higher proportion in the NAFLD and NASH cohorts
(P < 0.05). The primary healthcare payers were Medicare and private
insurance. Peptic ulcer disease, liver disease (mild, moderate to
severe), cirrhosis, CHF, and diabetes mellitus were most common in
the CDI and NASH cohort (P < 0.001) (Table 2). Hypertension was
most common among the CDI and NAFLD cohort (P < 0.001). Patients
in the CDI and NASH cohort had the greatest burden of comorbidities
compared to the CDI and NAFLD and CDI only cohorts (Mean CCI,
6.33 vs. 5.12 vs. 3.40; P < 0.001).

3.2. Comparison of outcomes following CDI in the NAFLD/NASH
population

Primary outcomes, including mortality, LOS, and inpatient hospi-
talization costs, and complications, are listed in Table 2. The CDI and
NASH cohort had a significantly higher mortality rate compared to
the CDI only cohort (mortality, 7.11 % vs. 6.36%; P = 0.042). LOS was
higher in the CDI only cohort compared to the CDI and NAFLD/NASH
cohorts. There were no significant differences in hospitalization costs
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National Inpatient
Sample 2015 -2017

(n = 80,355,218)

Adult (age 18-89)
patients admitted with
a diagnosis of CDI

(n=761,175)

Adult patients (age 18-
89) admitted with a
diagnosis of NASH and
CDlI

(n=4,365)

Adult patients (age 18-
89) admitted with a
diagnosis of NAFLD and
CDI
(n=11,335)

Adult patients (age 18-

89) admitted with a
diagnosis of CDI only
(n=745,475)

Fig. 1. Diagram for study sample selection.

between the CDI and NASH cohort and CDI only cohort. Patients with
CDI and NASH were at increased risk for liver-related complications,
including liver failure and liver cancer, acute kidney injury, and septic
shock (P < 0.001) compared to patients with CDI only.

3.3. Mortality risk factors

Multivariable regression analysis on death during hospitalization
in patients with NAFLD/NASH with CDI is shown in Table 3. Table 4
presents predictors of mortality among the CDI and NASH cohort
only. The following were shown to be predictors of mortality among
the NAFLD/NASH cohort: Age (OR 1.029; P < 0.0001), Severe Morbid
Obesity [BMI > 40 kg/m?] (OR 1.154; P < 0.0001), CCI (OR 1.086;
P < 0.0001), Cirrhosis (OR 1.472; P < 0.001), Sepsis (OR 1.834;
P < 0.0001), septic shock (OR 8.829; P < 0.0001), intestinal obstruc-
tion (OR 5.162; P < 0.0001), peritonitis (OR 4.926; P < 0.0001), and
pneumonia (OR 2.918; P < 0.0001). Higher odds of mortality in the
NASH cohort were shown in the following groups: Age (OR 1.023;
P < 0.0001), Black ethnicity (OR 2.440; P = 0.016), Pneumonia (OR
3.069; P < 0.0001), Liver failure (OR 3.867; P < 0.0001), Intestinal
obstruction (OR 5.528; P = 0.0001), Intestinal Perforation (OR 6.236;
P = 0.009), Peritonitis (OR 8.044; P < 0.0001), sepsis (OR 1.926;
P < 0.0001), and Septic Shock (OR 9.239; P < 0.0001). Table 5 shows
an adjusted model which examines odds of inpatient mortality in
patients with CDI after controlling for patient demographic charac-
teristics and comorbidities. Based on the adjusted model, patients
with co-morbid CDI with NAFLD or NASH had lower odds of inpatient
mortality compared to patients with CDI only. The following were
shown to be predictors of inpatient mortality among patients with
CDI only in the adjusted model: Age (OR 1.021; P < 0.0001), Asian or
Pacific islander (OR 1.177; P = 0.017), CCI (OR 1.098; P < 0.0001), cir-
rhosis (OR 1.291; P < 0.0001), AKI (OR 1.394; P < 0.0001), respiratory
failure (OR 3.705; P < 0.0001), sepsis (OR 1.882; P < 0.0001), septic
shock (OR 6.912; P < 0.0001), intestinal perforation (OR 2.145;
P < 0.0001), intestinal obstruction (OR 1.158; P = 0.001), peritonitis
(OR 1.122; P = 0.024), toxic megacolon (OR 2.463; P < 0.0001),

pneumonia (OR 1.726; P < 0.0001), ventilator dependence (OR 1.993;
P < 0.0001), acute PE (OR 1.581; P < 0.0001), liver failure (OR 2.252;
P < 0.0001), and liver cancer (OR 1.292; P < 0.0001).

3.4. Predictors of hospitalization costs

Multivariable linear regression analysis showing predictors of
inpatient hospitalization costs is shown in Table 6. Black, Hispanic,
and Asian race was associated with significantly higher hospitaliza-
tion costs compared to White race. Patients with Obesity Class III
(BMI > 40 kg/m?) and morbid obesity with obesity hypoventilation
syndrome were associated with increased costs. Other predictors of
increased inpatient hospitalization costs include: Medicaid insurance,
CCl, AKI, respiratory failure, ventilator dependence, septic shock,
intestinal obstruction, intestinal perforation, and acute liver failure.
Factors that were inversely correlated with greater inpatient hospi-
talization costs include: age and female gender.

3.5. Predictors of inpatient LOS

Multivariable linear regression analysis showing predictors of LOS
is shown in Table 7. Age and female gender were inversely associated
with LOS. Black, Hispanic, and Asian races were associated with lon-
ger LOS when compared to White races. Patients with Obesity Class
111 (BMI > 40 kg/m?) and morbid obesity with obesity hypoventilation
syndrome were associated with longer LOS. Other predictors of
increased LOS include Medicaid insurance, CCI, AKI, respiratory fail-
ure, ventilator dependence, septic shock, intestinal obstruction, intes-
tinal perforation, and acute liver failure.

4. Discussion

Our retrospective cohort study demonstrates that there is
increased mortality and liver-related complications in hospitalized
patients with NASH who develop CDI when compared to those with
CDI only. With approximately 30 % of the US population having



Table 1

Baseline demographics of Patients following CDI infection with and without a diagnosis of NAFLD/NASH.

No P-Value Adjustment Applied

Bonferroni P-Value Adjustment Applied

Study Measure Total Sample G1: Cdiff Only  G2: Cdiff + NASH G3: Cdiff + NAFLD Overall G1vs.G2vs. Post-Hoc Glvs.G2 Glvs.G3 G2vs.G3 Post-Hoc Glvs.G2 Glvs.G3 G2vs.G3
(n=761,175) (n=745,475) (n=4365) (n=11,335) Statistical G3 P-Value Pairwise Group P-Value P-Value P-Value Pairwise Group P-Value P-Value P-Value
Test Statistical Test Statistical Test

DEMOGRAPHICS

Age (vears) ANOVA  p<0001 TT p<0.001 p<0001 p<0001 TT p<0.001 p<0001 p<0.001
Range 18-90 18-90 18-90 18-90
Mean (SD) 66.07 (37.90) 66.25 (37.87) 62.63 (29.47) 55.16 (34.55)
Median [IQR] 68 [56,79] 69 [56,79] 65[55,71] 55 [44, 67]

Sex, n (%) cs p<0001  CS p<0.001 p=0004 p<0.001 CS p<0001 p=0011 p<0.001
Male (0) 322,765 (42.42) 316,645 (42.50) 1460 (33.45) 4660 (41.13)
Female (1) 438,045 (57.58) 428,470 (57.50) 2905 (66.55) 6670 (58.87)

Race/Ethnicity, n (%) cs p<0001  CS p<0001 p<0001 p<0.001 CS p<0001 p<0001 p<0.001
White (1) 542,755 (74.00) 531,105 (73.94) 3410 (81.00) 8240 (74.98)
Black (2) 94,940 (12.94) 93,715(13.05) 135(3.21) 1090 (9.92)
Hispanic (3) 60,055(8.19)  58435(8.14) 440 (10.45) 1180 (10.74)
Asian or Pacific Islander (4) 14,075 (1.92) 13,870 (1.93) 60 (1.43) 145 (1.32)
Native American (5) 4930 (0.67) 4785 (0.67) 70 (1.66) 75 (0.68)
Other (6) 16,715(2.28)  16360(2.28)  95(2.26) 260 (2.37)

Primary Payer, n (%) CS p <0.001 cS p<0.001 p<0.001 p<0.001 CS p<0.001 p<0.001 p<0.001
Medicare (1) 498,815 (65.59) 491,505 (65.99) 2740 (62.92) 4570 (40.35)
Medicaid (2) 92,990 (12.23) 89,970(12.08) 520 (11.94) 2500 (22.08)
Private insurance (3) 137,395 (18.07) 132,955 (17.85) 975 (22.39) 3465 (30.60)
Self-pay (4) 15280(2.01)  14,745(1.98)  70(1.61) 465 (4.11)
No charge (5) 1460 (0.19) 1395 (0.19) 5(0.11) 60(0.53)
Other (6) 14,565(1.92)  14255(1.91)  45(1.03) 265 (2.34)

BMI, n (%)
25-299 19,580(2.57)  19,150(2.57)  95(2.18) 335(2.96) cs p=0009  CS p=0.102 p=0010 p=0.007 CS p=0306 p=0030 p=0.022
30-34.9 22,385(2.94) 21,490 (2.88) 250(5.73) 645 (5.69) (& p <0.001 CS p<0.001 p<0.001 p=0.929 CS p<0.001 p<0.001 p=1.000
35-39.9 18,445 (2.42)  17,655(2.37)  255(5.84) 535 (4.72) cs p<0001  CS p<0001 p<0001 p=0.004 CS p<0001 p<0001 p=0012
> 40 56,805 (7.46)  54,075(7.25) 1045 (23.94) 1685 (14.87) cs p<0001  CS p<0.001 p<0.001 p<0.001 CS p<0.001 p<0.001 p<0.001
> 35w/ hypoventilation 5245 (0.69) 5065 (0.68) 80(1.83) 100 (0.88) cs p<0001 CS p<0.001 p=0.009 p<0001 CS p<0001 p=0.028 p<0.001
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Table 2

Prevalence of comorbidities and outcomes, including mortality, length of stay, and hospitalization costs, in patients with and without a diagnosis of NAFLD/NASH following CDI.

No P-Value Adjustment Applied

Bonferroni P-Value Adjustment Applied

Study Measure Total Sample G1: Cdiff Only G2: Cdiff + NASH G3: Cdiff + NAFLD Overall G1vs. G2 vs. Post-Hoc G1vs.G2 G1vs.G3 G2vs.G3 Post-Hoc G1vs.G2 G1lvs.G3 G2vs.G3
(n=761,175) (n=745,475) (n=4365) (n=11,335) Statistical G3 P-Value Pairwise Group P-Value P-Value P-Value Pairwise Group P-Value P-Value P-Value
Test Statistical Test Statistical Test
COMORBIDITIES
Primary/Essential Hyper- 275,565 (36.20) 269,165 (36.11) 1320 (30.24) 5080 (44.82) (& p <0.001 (& p<0.001 p <0.001 p <0.001 (& p <0.001 p <0.001 p <0.001
tension, n (%)
Cirrhosis, n (%) 20,275 (2.66) 17,345 (2.33) 2340 (53.61) 590(5.21) (& p<0.001 (& p<0.001 p <0.001 p <0.001 (& p <0.001 p <0.001 p <0.001
Myocardial Infarction, n 69,540 (9.14) 68,625 (9.21) 410(9.39) 505 (4.46) (& p <0.001 Cs p=0.669 p<0.001 p <0.001 (& p=1.000 p <0.001 p <0.001
(%)
CHF (PND/DOE), n (%) 182,850 (24.02) 180,290 (24.18) 1205 (27.61) 1355 (11.95) cs p<0.001 cs p<0001 p<0001  p<0.001 cs p<0001 p<0001  p<0.001
Peripheral Vascular Dis- 13,545 (1.78) 13,415 (1.80) 10(0.23) 120 (1.06) cs p<0.001 cs p<0001 p<0001  p<0.001 cs p<0001 p<0001  p<0.001
ease, n (%)
CVA/TIA, n (%) 70,395 (9.25) 69,570 (9.33) 265 (6.07) 560 (4.94) cs p<0.001 cs p<0001 p<0001  p=0.004 cs p<0001 p<0001 p=0013
Dementia, n (%) 89,375 (11.74) 88,815 (11.91) 205 (4.70) 355(3.13) cs p<0.001 cs p<0001 p<0001  p<0.001 cs p<0001 p<0001  p<0.001
CoPD, n (%) 153,820 (20.21) 151,305 (20.30) 745 (17.07) 1770 (15.62) cs p<0.001 cs p<0001  p<0001  p=0026 cs p<0001  p<0001 p=0079
Connective Tissue Dis- 40,125 (5.27) 39,295 (5.27) 230(5.27) 600 (5.29) cs p=0995 cs p=0995 p=0916  p=0952 cs p=1000 p=1.000 p=1.000
ease, n (%)
Peptic Ulcer Disease, n 14,725 (1.93) 14,215 (1.91) 125 (2.86) 385(3.40) cs p <0.001 cs p <0.001 p <0.001 p=0.092 cs p <0.001 p <0.001 p=0275
(%)
Mild Liver Disease, n (%) 23,605 (3.10) 18,730 (2.51) 4365 (100.00) 510 (4.50) cs p <0.001 cs p <0.001 p <0.001 p <0.001 cs p <0.001 p <0.001 p <0.001
Moderate to Severe Liver 20,110 (2.64) 18,260 (2.45) 1255 (28.75) 595 (5.25) cs p <0.001 cs p <0.001 p <0.001 p <0.001 cs p <0.001 p <0.001 p <0.001
Disease, n (%)
Uncomplicated Diabetes 97,155 (12.76) 94,570 (12.69) 1015 (23.25) 1570 (13.85) (& p <0.001 (& p<0.001 p <0.001 p <0.001 (& p <0.001 p=0.001 p <0.001
Mellitus, n (%)
Diabetes Mellitus with 173,315 (22.77) 169,050 (22.68) 1470 (33.68) 2795 (24.66) (& p<0.001 cs p<0.001 p <0.001 p <0.001 (& p <0.001 p <0.001 p <0.001
End Organ Damage, n
(%)
Hemiplegia, n (%) 8360 (1.10) 8290 (1.11) 25(0.57) 45 (0.40) cs p<0.001 cs p=0001 p<0001 p=0.139 cs p=0002 p<0001 p=0416
Moderate to Severe CKD, 227,900 (29.94) 224,540 (30.12) 1660 (38.03) 1700 (15.00) (& p<0.001 cS p<0.001 p<0.001 p <0.001 (& p <0.001 p<0.001 p <0.001
n(%)
Localized Solid Tumor, n 139,065 (18.27) 136,985 (18.38) 685 (15.69) 1395 (12.31) cs p<0.001 cs p<0001 p<0001  p<0.001 cs p<0001 p<0001  p<0.001
(%)
Solid Tumor with Metas- 37,915 (4.98) 37,530 (5.03) 90 (2.06) 295 (2.60) cs p<0.001 cs p<0001  p<0001 p=00497 CS p<0001  p<0001 p=0.149
tasis, n (%)
Leukemia, n (%) 26,105 (3.43) 25,715 (3.45) 100 (2.29) 290 (2.56) cs p <0.001 cs p <0.001 p <0.001 p=0335 cs p <0.001 p <0.001 p=1.000
Lymphoma, n (%) 15,570 (2.05) 15,355 (2.06) 45(1.03) 170 (1.50) cs p<0.001 cs p<0001 p<0001 p=0024 cs p<0001 p<0001 p=0.071
AIDS, n (%) 6030 (0.79) 5940 (0.80) 10(0.23) 80(0.71) (& p <0.001 (& p <0.001 p=0.279 p <0.001 (& p <0.001 p=0.837 p=0.001
CCI Total Score ANOVA p<0.001 T p<0001 p<0001  p<0.001 T p<0001 p<0001  p<0.001
Range 0-18 0-18 1-16 0-16
Mean (SD) 5.10 (6.65) 5.12 (6.64) 6.33 (6.44) 3.40 (6.07)
Median [IQR] 5(3,7] 5(3,7] 6 (48] 3[1,5]
PRIMARY OUTCOMES
Mortality/Patient Death, 47,960 (6.31) 47,355 (6.36) 310(7.11) 295(2.61) (& p<0.001 (& p=0.042 p<0.001 p <0.001 (& p=0.127 p <0.001 p <0.001
n(%)
Length of Stay (days) ANOVA p<0.001 T p=0.007 p<0.001 p=0455 T p=0.021 p <0.001 p=1.000
Range 0-360 0-360 0-101 0-168
Mean (SD) 10.03 (28.94) 10.05 (29.05) 9.19(20.71) 8.91(23.19)
Median [IQR] 6[4,12] 6[4,12] 6[4,11] 6[3,10]
Total Charges (dollars) ANOVA p=0.001 T p=0.208 p<0.001 p=0.164 T p=0.625 p <0.001 p=0.491
Range 100.00 - 100.00 - 805.00 - 3719.00 -
8,449,748.00 8,449,748.00 2,089,159.00 2,445,436.00
Mean (SD) 98,753.68 99,015.79 92,365.15 83,875.38
(430,358.77) (432,184.34) (346,331.91) (324,378.73)
Median [IQR] 44,492.00 44,538.00 46,076.00 41,669.00
[22,879.00, [22,852.00, [25,071.00, [23,585.00,
97,776.00] 98,039.00] 95,872.00] 83,612.00]
SECONDARY DIAGNOSES/OUTCOMES OF INTEREST
Acute Kidney Injury, n 214,580 (28.19) 210,765 (28.27) 1490 (34.14) 2325(20.51) (& p<0.001 (& p<0.001 p<0.001 p <0.001 (& p <0.001 p <0.001 p <0.001
(%)
Respiratory failure, n (%) 4670 (0.61) 4625 (0.62) 10(0.23) 35(0.31) (& p<0.001 (& p=0.001 p<0.001 p=0.403 (& p=0.003 p<0.001 p=1.000
Sepsis, n (%) 164,160 (21.57) 161,405 (21.65) 750 (17.18) 2005 (17.69) cs p<0.001 cs p<0001 p<0001  p=0455 cs p<0001 p<0001  p=1.000
Septic shock, n (%) 77,435 (10.17) 76,095 (10.21) 540 (12.37) 800 (7.06) cs p<0.001 cs p<0001 p<0001  p<0.001 cs p<0001 p<0001  p<0.001

(continued on next page)
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™ o o — oo o= ==
78 |8 8§ ® 88 8888 Table 3
2 17 S $<7S 7999 Multivariable analysis of risk factors predicting mortality among the NAFLD/
2 O au au aZ anq QA Q NASH cohort.
£
(=¥ o — (=) oo == - =0 1 1 9 )
; Lg’ % E § § § § § § § § g Variables Odds Ratio (95 % CI) P-Value
El=% T A A Age 1.029(1.019-1.039)  <0.0001
S| o A A aaaa aaaa . 5
El Severe Morbid Obesity (BMI > 40)) 1.154(0.901 - 1.479) < 0.0001
o
2|~ o 6 mom— oe— e ccl 1.086 (1.042-1.132)  <0.0001
2132 |8 5 7388 &8ss Cirrhosis 1472(1.175-1.843)  <0.0001
z Ei 1 I [ EARY "V vy Sepsis 1.834 (1464-2297) < 0.0001
= = % RRAs R8RS Septic Shock 8.829(7.023-11.099)  <0.0001
% a Intestinal Obstruction 5.162(2.979 - 8.947) <0.0001
S| 8% Peritonitis 4926 (2.630-9.227)  <0.0001
21 gSE Pneumonia 2.918(2.267-3.756) < 0.0001
TE% Liver Failure 3.592(2.700-4.780)  <0.0001
853|c v orus 88Ys
Sy & &8 § %= 888% Table 4
E [ ? ? ‘f « ? ? ‘f ‘\3/ S ‘\3/ Multivariable analysis of risk factors predicting mortality among
O a a aZaa aaan the NASH cohort only.
o
9 - : : % -
3 Ej 3 é § § § § § 5 § § 8 Variables 0dds Ratio (95 % CI) P-Value
< Ef T T Tivy TVYVE Age 1.018 (1.002—1.033) 0.023
g = 8 RRRR ARARS Black Race 2.400 (1.134 - 5.077) 0.028
L o e Mo s e Cirrhosis 1.523 (1.134 - 2.048) 0.005
Z|Ys |8 8 =888 5888 Sepsis 2.040 (1.454-2.863)  <0.0001
5128 |F 5 799 S99°9 Septic Shock 8.746 (6.151 - 12.435)  <0.0001
z|o= &8 AAsAs aaas Intestinal Perforation ~ 8.428(1.790-39.673) < 0.0001
5 o Intestinal Obstruction ~ 3.664 (1.215 - 11.055) 0.021
= 2 3 Peritonitis 7.965(3.240 - 19.579) < 0.0001
$$3 Pneumonia 2937(1.972-4376)  <0.0001
TEE Liver Failure 3.891(2.788-5.429)  <0.0001
E5%|6 8 vrLY 8BYY
g NAFLD, 5 % having NASH [15] and CDI affecting approximately 13 out
= — = — 3 3 3 H H 3 3
§ = 2 2 H88% B38% of every 1Q00 hospltallzgd pgtlent§[16], 1!1vest1gatmg the upderlymg
g2e |e e o209 9999 causes behind these findings is an increasingly urgent question.
e The outcomes are particularly worse for those who have NASH
= and CDI. The mortality rate was higher in the NASH and CDI cohort
= .2 .
TR compared to CDI only cohort (mortality rate, 7.11 % vs. 6.36 %;
[ R . .
3E&€|v v YrYY YYYyY P = 0.042). Those with NASH and CDI were also found to have higher

rates of acute kidney injury, higher rates of septic shock, acute liver

G3: Cdiff + NAFLD
11,335)

~ 8 ~ B AT~ T
8 2 Bg2§ 8237 oS el . . tors of innati ‘
p S 5 2258 S35 Multivariable linear regression analysis of predictors of inpatient mortality
£ |8 2 B8oRE ILA8 in patients with CDI.
= Variables Adjusted Odds Ratio (95 % CI)  P-Value
(%]
s 5 CDI + NAFLD 0.554 (0.486 - 0.631) P <0.0001
£2 |35 5 2.5 =848 CDI + NASH 0.779 (0.681 - 0.891) P=0.547
39 |28 & S8%cS sIg Age 1.021(1.020 - 1.022) P<0.0001
2 |® ® gSgs cSZSF Female 0.896 (0.878 - 0.915) P <0.0001
Asian or Pacific Islander 1.177 (1.103 - 1.256) P=0.017
Cccl 1.098 (1.093 - 1.103) P <0.0001
. . _ Cirrhosis 1.291(1.216 - 1.371) P <0.0001
s g | 3§ $-828 gg8g AKI 1.394 (1.365 - 1.424) P <0.0001
g |3 = 2825 =253 Respiratory Failure 3.705 (3.428 - 4.003) P <0.0001
°T g 8 BS78S gg@e Sepsis 1.882(1.839 - 1.926) P <0.0001
G= R & SERe K&8eR Septic Shock 6.912 (6.749 - 7.080) P <0.0001
Intestinal Perforation 2.145 (1.946 - 2.364) P <0.0001
Intestinal Obstruction 1.158 (1.067 - 1.257) P=0.001
um aF = Peritonitis 1.122(1.015 - 1.240) P=0.024
BEE | ¥ ¥g47 §x3F Toxic Megacolon 2463 (1.642 - 3.697) P <0.0001
48 |S S S8wyg ScgS Pneumonia 1.726 (1.680 - 1.773) P < 0.0001
Zr |8 2 Bggy BESE Ventilator Dependence ~ 1.993 (1.883 - 2.111) P <0.0001
F= [ @ S¥-obh- ooso Acute PE 1.581(1.417 - 1.763) P < 0.0001
- . Liver Failure 2.252(2.092 - 2.424) P <0.0001
= Z g 2 § é:, Liver Cancer 1.292 (1.141 - 1.464) P <0.0001
§ ‘§ ‘§ . ig\\é g&:g * Logistic regression adjusted for demographic characteristics (age, gender,
'sé °§ sy _‘_g %E = §- %E i = race, BMI, payer/insurance) and comorbidities (hypertension, cirrhosis,
S 3 £ S g E«ré@ =558 acute kidney injury, respiratory failure, sepsis, septic shock, intestinal perfo-
~ E E ,\E _ESEE ,\L‘g 3 £8 ration, intestinal obstruction, peritonitis, toxic megacolon, pneumonia, ven-
2 3 g8 iﬁ% § g % g 23 § § tilatory dependence, acute pulmonary embolism, acute liver failure, liver
2 b £ £ E8E2 <33 filure. i
I ailure, liver cancer).
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Table 6
Multivariable linear regression analysis of predictors of inpatient hospitalization costs.

Variables B coef. Standard Error 95 % Confidence Interval P-Value
Age —905.16 4331 [-990.06, —820.27] < 0.0001
Female -18,181.85  970.14 [-20,083.30, -16,280.40] < 0.0001
Black 13,487.17 1463.98 [10,617.79, 16,356.55] < 0.0001
Hispanic 40,809.83 1772.74 [37,335.30, 44,284.36] < 0.0001
Asian 67,218.81 3514.47 [60,330.51, 74,107.10] < 0.0001
BMI > 40 14,476.38 1884.80 [10,782.20, 18,170.56] < 0.0001
Morbid Obesity with OHS ~ 59,885.17 5798.89 [48,519.46, 71,250.88] < 0.0001
Medicaid 18,704.87 1728.46 [15,317.13, 22,092.62] < 0.0001
Ccl 3045.19 218.55 [2616.83, 3473.54] < 0.0001
Acute Kidney Injury 7516.67 1087.79 [5384.62, 9648.72] < 0.0001
Respiratory Failure 89,568.07 6123.46 [77,566.22,101,569.92] < 0.0001
Septic Shock 102,544.76 1731.26 [99,151.51, 105,938.00] < 0.0001
Intestinal Obstruction 25,125.49 4251.00 [16,793.61, 33,457.37] < 0.0001
Intestinal Perforation 122,003.58 7307.54 [107,680.95, 136,326.20] <0.0001
Ventilator Dependence 230,356.17 4169.10 [222,184.81, 238,527.53] < 0.0001
Acute Liver Failure 133,282.67 6354.33 [120,828.30, 145,737.03] < 0.0001
CDI + NASH -16,698.46  6475.750 [-29,390.80, —4006.12] 0.010

CDI + NAFLD -17,382.22  3931.287 [-25,087.46, —9676.97] < 0.0001

failure, liver failure, and liver cancer. However, after adjustment for
covariates, we observed that patients with co-morbid NAFLD or
NASH had lower odds of inpatient mortality compared to patients
with CDI only. The CDI and NAFLD cohort had significantly lower
mortality compared to the CDI only cohort (mortality rate, 2.61 % vs.
6,36 %; P < 0.001). Currently, there is a lack of data on outcomes in
NAFLD patients following CDI. However, in a large retrospective
study comparing patients with coexisting CDI and NAFLD to patients
with coexisting alcoholic liver disease and viral liver disease, patients
in the NAFLD group had lower mortality, LOS, and incidence of respi-
ratory failure, septic shock, and renal failure [13]. In our study, it is
important to note that the CDI and NAFLD cohorts were significantly
younger and had a lesser degree of comorbidity burden (mean CCI,
3.40vs. 5.12; P < 0.0001).

There are several mechanisms that may help to explain why
patients with NASH and CDI have worse outcomes than those with
CDI alone. One explanation is the dysregulation of the immune sys-
tem in NASH. In animal models, high-fat diets lead to increased pro-
inflammatory cytokine expression by hepatic macrophages [17]. This
subsequently led to natural killer T cell (NKT) overactivation and apo-
ptosis, resulting in a net NKT deficit [17]. Overactivation of hepatic
macrophages also seems to play a key role in the progression of
NAFLD into NASH, highlighting their inflammatory effects [18]. These

Table 7
Multivariable linear regression analysis of predictors of length of stay.
Variables Bcoef. Standard 95 % Confidence P-Value
Error Interval

Age —0.043 0.003 [-0.048, -0.037] < 0.0001
Female -1.202 0.066 [-1.332,-1.073] <0.0001
Black 1.905 0.100 [1.710, 2.100] <0.0001
Hispanic 1.213 0.120 [0.977, 1.450] < 0.0001
Asian 2338 0.237 [1.874, 2.803] < 0.0001
BMI > 40 1.295 0.129 [1.043,1.547] <0.0001
Morbid Obesity with OHS 5296 0.395 [4.522, 6.069] < 0.0001
Medicaid 2.047 0.118 [1.816, 2.279] <0.0001
CCl 0.269 0.015 [0.240, 0.298] <0.0001
Acute Kidney Injury 0.994 0.074 [0.848,1.139] <0.0001
Respiratory Failure 4.024 0418 [3.205, 4.844] <0.0001
Septic Shock 5.035 0.118 [4.803, 5.266] <0.0001
Intestinal Obstruction 2.165 0.290 [1.596, 2.734] <0.0001
Intestinal Perforation 8.428 0.499 [7.450, 9.406] <0.0001
Ventilator Dependence 12.652 0.284 [12.095,13.209] < 0.0001
Acute Liver Failure 4,066 0.433 [3.218,4.915] <0.0001
CDI + NASH -1.163 0.444 [-2.033,-0.294]  0.009

CDI + NAFLD -1.031 0.268 [-1.555, -0.507] < 0.0001

findings demonstrate that NASH is a systemic disease with conse-
quences that extend far beyond the liver.

Alterations in the gut microbiota also likely play a key role in the
relationship between NASH and CDI [19]. It has been shown that
patients with NASH have significantly different microbiomes when
compared to obese and healthy controls, although it is not clear
which alteration (progression to NASH versus changes in the gut
microbiome) is first in the causal chain [20]. An increase in the preva-
lence of organisms such as Firmicutes and Proteobacteria, which are
elevated in CDI[21], have also been found to be elevated in the gut of
those with NASH [20]. Interestingly, the use of statin, which is com-
monly used in patients with metabolic syndrome and NAFLD/NASH,
has been associated with a lower risk of recurrent CDI due to both
modulation of the gut microbiome and anti-inflammatory properties
[14]. These alterations may explain why recent studies have shown
NAFLD to be an independent risk factor for CDI [22].

Our findings are similar to those evaluating CDI in other liver dis-
eases. Outcomes of CDI infection with co-morbid chronic liver disease
(CLD) had a higher in-hospital mortality (18.6 % vs.. 8.8 %) than those
without, and patients with cirrhosis and CDI had a higher one-year
mortality (9 % vs. 4 %) than CDI only patients [10]. Similarly, Bajaj et
al. showed that patients with cirrhosis and CDI resulted in higher
rates of mortality, LOS, and hospitalization costs compared to cir-
rhotic patients without CDI [23]. Kruger et al. showed higher 30-day
readmission, index admission mortality, and calendar-year mortality
in patients with cirrhosis and CDI compared to cirrhosis without CDI.
Interestingly, the most common reason for readmission was recur-
rent CDI [24]. In a study using NIS, cirrhotic patients with CDI had a
higher mortality rate (OR 1.47) and a higher risk of AKI (OR 2.09)
[25]. Intestinal complications in NAFLD/NASH patients with CDI are
also consistent with the findings from other studies, including higher
rates of intestinal perforations in NAFLD and CDI compared to alco-
holic liver disease and CDI (4.6 % vs. 2.2 %, p = 0.001) [13]. However,
CDI with CLD is associated with a prolonged hospital stay (1.19 more
days) and an average of $8632 more in total costs, while our NAFLD/
NASH cohorts did not have increased LOS and hospital costs [10].

Our study has certain strengths and limitations. NIS is the largest
all-payer database, including inpatient data and is representative of
all regions throughout the country. Therefore, the use of NIS provides
access to data from a large and diverse cohort, providing results with
good external validity and are generalizable to the US population
with NAFLD/NASH and hospitalized with CDI. Using a large dataset,
we can generate sizeable cohorts to increase the power of our study,
detect statistically significant differences between our outcomes, and
more accurately assess predictors of mortality among our cohorts.
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However, our study has certain limitations. There are inaccuracies in
capturing ICD-9 and ICD-10. Although the definition of NAFLD and
NASH has become clearer in recent years, there is likely considerable
incorrect use of NAFLD and NASH in patients with fatty liver disease.
There may be patients in the CDI only cohort with undiagnosed
NAFLD/NASH, thereby including them in the wrong cohort. Longitu-
dinal outcomes data following discharge is not included in NIS, so we
were only able to report inpatient mortality rather than the true mor-
tality rate. In addition, NIS does not include clinical data points, such
as vital signs, laboratory values, medication use, and diagnostic stud-
ies, and therefore, it could not be included to further characterize our
cohort. Lastly, NIS does not capture reasons for length of stay or hos-
pitalization cost. Therefore, we are unable to accurately assess
whether these factors were influenced by factors unrelated to clinical
need and, instead, driven by disposition or social issues.

5. Conclusions

Few studies have examined clinical outcomes and healthcare bur-
dens due to CDI in patients with NAFLD/NASH. Our study, albeit with
limitations, demonstrates that a diagnosis with NASH may be associ-
ated with greater inpatient mortality following CDI compared to
patients without NASH. Significant risk factors, such as older age, cir-
rhosis, and intestinal complications, confer a higher risk of death in
our cohort. These findings emphasize a need for more effective strat-
egies, including antimicrobial precautions and stewardship, in these
patient populations to prevent infection or infection-related compli-
cations and improve hospitalization outcomes.
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