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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is an
emerging extraintestinal manifestation (EIM) of Crohn’s disease
(CD). We aimed to investigate the prevalence and comorbid predic-
tors of NAFLD in patients with CD.

Methods: We conducted a nationwide retrospective cohort study to
determine the prevalence, characteristics, comorbidities, and hos-
pitalization outcomes associated with NAFLD in patients with CD.
Comparison between groups was performed by Mann-Whitney test
for continuous variables and Chi-square test for categorical variables.
We performed a binary logistic regression analysis for predictors of
NAFLD among patients with CD.

Results: We extracted 215,049 index hospital discharges with CD;
2.4% had NAFLD. CD patients, with NAFLD, had increased length
of stay (4 days; interquartile range (IQR): 2 - 6 vs. 3; IQR: 2 -6, P <
0.01), and increased median total charges ($32,305.5; IQR: $18,600 -
$61,599 vs. $30,782; IQR: $16,847 - $58,667, P < 0.01), compared to
CD patients without NAFLD. Non-alcoholic steatohepatitis (NASH)
was found to be independently associated with increased mortality
(odds ratio (OR): 1.7; 95% confidence interval (CI): 1.1 - 2.6, P =
0.03) and a higher odd for all-cause 30-day non-elective readmission
(OR: 1.6:95% CI: 1.3 - 1.9, P <0.001). Factors independently associ-
ated with NAFLD in patients with CD included portal hypertension
(OR: 5.347; 95% CI: 4.604 - 6.211, P < 0.001), vitamin A deficiency
(OR: 9.89; 95% CI: 4.49 - 21.76, P < 0.001) and vitamin B12 defi-
ciency (OR: 1.56; 95% CI: 1.098 - 2.209, P=0.013).

Conclusions: NAFLD is associated with worse hospitalization out-
comes in patients with CD. Study findings suggest the need for early
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identification and effective management of NAFLD predictors to re-
duce complications.
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Introduction

Background

Non-alcoholic fatty liver disease (NAFLD) is characterized by
fatty accumulations in hepatocytes in the absence of other sec-
ondary causes of steatosis [1]. Non-alcoholic steatohepatitis
(NASH) results from the progression of benign steatosis and
can potentially progress and lead to cirrhosis, hepatocellular
carcinoma, and death [2]. NAFLD has now grown to be the
most prominent cause of chronic liver disease worldwide [3],
and the overall global prevalence of NAFLD is estimated to be
around 25% [4]. The prevalence of NASH is estimated to be
between 1.5% and 6.5% [4].

Crohn’s disease (CD) is an inflammatory bowel disease
(IBD) that affects the gastrointestinal tract in a non-contigu-
ous manner with transmural inflammation [5]. The annual
incidence of CD in North America is reported to be around
3.1 - 20.2 per 100,000, with a prevalence of 201 per 100,000
population [6]. In most cases, CD has a chronic and intermit-
tent course. About 20% of patients achieve remission after the
initial diagnosis [7]. Chronic bowel inflammation can lead to
the development of intestinal complications and multiple ex-
traintestinal manifestations.

The pathophysiology of NAFLD has been extensive-
ly studied, and multiple factors have been associated with
NAFLD [8], including inflammatory cytokines [9], inflam-
masomes [10], mitochondrial dysfunction [11, 12], and genetic
and epigenetic factors [8, 13-15]. NAFLD is the most common
cause of abnormal liver function test (LFT) in IBD patients
[16]. Murine models of IBD have shown an association be-
tween IBD and NAFLD. Kwon et al showed that colitis causes
a disturbance in hepatic fatty acid oxidation and reverse cho-
lesterol transport [ 17]. Current data suggest that the prevalence
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Figure 1. Case selection flowchart. NAFLD: non-alcoholic fatty liver disease; HCUP: Healthcare Cost and Utilization Project;

NRD: Nationwide Readmissions Database.

of NAFLD in patients with IBD is between 8% and 71% [18].

There is a significant healthcare cost associated with CD.
The cost of care incurred by patients with IBD is three times
higher when compared with non-IBD patients [19]. Moreover,
there are data suggesting that the average healthcare cost for
CD patients has exceeded most of the previously reported es-
timates [20]. NAFLD is associated with significant humanistic
and economic burdens. There are more than 64 million patients
with NAFLD in the USA, with an associated cost of over a
hundred billion annually [21].

Objectives

In this retrospective cohort study, we studied the prevalence,
outcomes, and predictors of NAFLD in patients with CD.
The primary study outcomes were the prevalence of NAFLD
in a nationwide cohort of CD patients, and hospitalization
outcomes associated with NAFLD including length of stay
(LOS) in days, all-cause 30-day non-elective readmission,
and inpatient mortality. The secondary outcome was identify-
ing the predictors independently associated with a diagnosis
of NAFLD in patients with CD. Subgroup analysis was per-
formed for hospitalization outcomes of CD patients, with and
without NASH.

Materials and Methods

Study design and setting

This is a retrospective cohort study of CD patients discharged
from US hospitals between 2016 and 2018. The Nationwide
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Readmissions Database (NRD) is a publicly available all-pay-
er inpatient database in the USA sponsored by the Agency for
Healthcare Research and Quality (AHRQ) through a Feder-
al-State-Industry partnership [22]. The NRD contains patient
linkage numbers to track patients across hospitals within a
state. NRD includes discharge data that represent 60.4% of all
US hospitalizations. The use of the NRD is exempt from an
Institutional Review Board, as there is no identifying patient
information [23, 24]. The study was performed in accordance
with the 1963 Helsinki Declaration, its later amendments, and
comparable ethical standards.

Participants

All hospitalizations for CD in NRD (2016 - 2018) were used
for the cohort study. Patients with a comorbid diagnosis of
NAFLD (including NASH) were identified. We excluded pa-
tients younger thanl8 years old, those with missing principal
diagnoses, or missing information (Fig. 1). The diagnoses
were reported using the International Classification of Diseas-
es, Tenth Revision, Clinical Modification (ICD-10-CM) codes
(Supplementary Material 1, www.gastrores.org).

Variables

We identified patients’ characteristics, including demographic
factors, hospitalization factors, and comorbidities. Demo-
graphic factors included were age, sex, income status, and pa-
tient location. Hospitalization factors included were elective
admission, bed size of the hospital, and insurance type.
Comorbidities investigated included metabolic syndrome,
diabetes mellitus, obesity, hypertension, dyslipidemia, vitamin
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deficiencies (A, D, E, K, B12 and pyridoxine), abnormal LFT,
chronic pancreatitis, thrombocytopenia, portal hypertension,
gallstone disease and Clostridium difficile enterocolitis.

Index hospitalization discharges occurring in December
were excluded from the 30-day non-elective readmission
analysis as readmissions were captured purely on a calendar
year. Elective readmissions and patients who died in the index
hospitalization were excluded from the readmission analysis
too.

After the individuals with subsequent readmission were
identified, readmission records were excluded and only first
index hospitalization records were included in the analysis to
ensure independence between observations before running the
regression model.

Statistical analysis

The NRD data were extracted and analyzed using SPSS Ver-
sion 25 (IBM Corporation, Armonk, NY, USA). Numeric vari-
ables were tested for normality using Kolmogorov-Smirnov
test. Nonparametric numeric variables were described with
median and interquartile range (IQR) and compared with the
Mann-Whitney test. Categorical variables were described with
percentages and compared using Chi-square tests. A P value <
0.05 was considered statistically significant. The factors sig-
nificant in univariate analyses at P < 0.05 were included in the
final binary logistic regression analysis (forward method) to
identify predictors of NAFLD among patients with CD. The
causes of unplanned readmissions were examined with a table
of rates.

Results

Baseline characteristics of CD patients with and without
NAFLD

We extracted 333,359 hospital discharge records with a diag-
nosis of CD or one of its complications. We excluded records
with missing a principal diagnosis, missing information, age <
18, a diagnosis of alcoholic fatty liver disease, or readmission
records. We extracted 215,049 index hospital discharges with a
diagnosis of CD. NAFLD was present in 2.4% of CD patients,
while NASH was present in 0.42% of CD patients. There was
no significant difference in median age between CD patients
with and without NAFLD (53; IQR: 36 - 68 vs. 53; IQR: 42 -
63, respectively). The baseline characteristics of CD patients
with NAFLD are summarized in Table 1.

Comorbid diseases among CD patients with and without
NAFLD

There was a significant increase in the prevalence of diabe-
tes mellitus (28.5% vs. 15.2%, P < 0.001), obesity (29.3%
vs. 11.3%, P < 0.001), hypertension (41.5% vs. 29.8%, P <
0.001), metabolic syndrome (0.7% vs. 0.1%, P < 0.001), and
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dyslipidemia (28.2% vs. 21.1%, P <0.001) in CD patients with
NAFLD, when compared with CD patients without NAFLD,
respectively (Table 2).

While 64% of CD patients with NAFLD had at least one
of the five metabolic risk factors for NAFLD (hypertension,
diabetes mellitus, dyslipidemia, obesity, and metabolic syn-
drome), 35.9% of CD patients with NAFLD had no records of
any of those conditions.

There was a significant increase in the prevalence of vita-
min A deficiency (0.2% vs. 0.01%, P <0.001), vitamin D defi-
ciency (4.9% vs. 3.1%, P <0.001), vitamin E deficiency (0.1%
vs. 0.01%, P = 0.009), and vitamin B12 deficiency (0.6% vs.
0.4%, P=10.026) in CD patients with NAFLD, when compared
to CD patients without NAFLD, respectively.

CD patients with NAFLD had a higher prevalence of
abnormal LFT (0.6% vs. 0.2%, P < 0.001), thrombocytope-
nia (9.4% vs. 3.6%, P < 0.001), gallstone disease (4.2% vs.
1.1%, P < 0.001), chronic pancreatitis (2.7% vs. 0.8%, P <
0.001), Clostridium difficile enterocolitis (3.6% vs. 2.6%, P
< 0.001), and portal hypertension (5% vs. 0.6%, P < 0.001)
compared to CD patients without NAFLD. In our cohort, we
found that 10.2% of CD patients with NAFLD have devel-
oped cirrhosis.

Gastrointestinal complications among CD patients with
and without NAFLD

NAFLD was more prevalent among CD patients without gas-
trointestinal complications (2.5% vs. 2.3%, P< 0.001) com-
pared to CD patients with gastrointestinal complications.

We analyzed the prevalence of gastrointestinal complica-
tions including CD with fistula, CD with intestinal obstruction,
CD with abscess, and CD with rectal bleeding in CD patients
with NAFLD (Table 3). CD patients with NAFLD had a higher
prevalence of rectal bleeding (5.1% vs. 3.9%, P <0.001) com-
pared to CD patients without NAFLD.

Hospitalization outcomes for CD patients with and with-
out NAFLD

CD patients with NAFLD had a significantly increased LOS
(4;IQR: 2 -6 vs. 3; IQR: 2 - 6, P<0.001), and increased total
charges ($32,305.5; IQR: $18,600 - $61,599 vs. $30,782; IQR:
$16,847 - $58,667, P < 0.001) compared to CD patients with-
out NAFLD, respectively (Table 4).

Subgroup analysis of hospitalization outcomes for CD
patients, with and without NASH, showed a significantly in-
creased mortality (2.2% vs. 1.2%, P = 0.004), increased LOS
(4;IQR: 2 -6vs. 3; IQR: 2 - 6, P <0.001), and a higher rate of
30-day non-elective readmission (15.6% vs. 11.1%, P <0.001)
in CD patients with NASH, compared to CD patients without
NASH, respectively (Table 5).

In multivariate analysis, after adjusting for age, gender,
CD complications, and comorbid conditions (hypertension,
diabetes mellitus, dyslipidemia, obesity, and metabolic syn-
drome), NASH was found to be independently associated with
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Table 1. Baseline Characteristics of CD Patients With and Without NAFLD

NAFLD absent, n = 209,781 NAFLD present, n =5,268 P value
Median age, years (IQR) 53 (36 - 68) 53 (42-63) 0.59¢
Age group, %
Age 18 -44 37.1 29.8 <0.001®
Age 45 - 64 32.5 47.8
Age 65 or older 30.4 223
Gender, %
Male 423 40.6 0.014°
Female 57.7 59.4
Median household income for patient’s ZIP code, %
0 - 25th percentile 23.4 23.4 0.06°
26th - 50th percentile 26.5 27.8
S1st - 75th percentile 26.5 26.5
76th - 100th percentile 23.6 223
Bed size of the hospital, %
Small 15.8 17 0.021°
Medium 27.9 28.3
Large 56.3 54.7
Expected primary payer, %
Medicare 40.4 37.7 0.002°
Medicaid 14.5 14.6
Private insurance 38.2 40.3
Self-pay 3.6 4.1
Others 0.5 0.5
Patient location, %
Central counties of metro areas 24.4 23.7 0.037°
Fringe counties of metro areas 29.5 29.2
Counties in metro areas of 250,000 - 999,999 population 22.6 24.4
Counties in metro areas of 50,000 - 249,999 population 10 10
Micropolitan counties 8 7.2
Not metropolitan or micropolitan counties 5.6 5.6

aMann-Whitney test. °Pearson Chi-square test. CD: Crohn’s disease; NAFLD: non-alcoholic fatty liver disease; IQR: interquartile range.

increased mortality (OR: 1.7;95% CI: 1.1-2.6,P=0.03) and a
higher odd for all-cause 30-day non-elective readmission (OR:
1.6;95% CI: 1.3 - 1.9, P <0.001).

Most common causes of 30-day readmission among CD
patients with NASH

We analyzed the most encountered causes for 30-day non-elec-
tive readmissions in CD patients with NASH. Sepsis, hepatic
failure with coma, acute kidney injury (AKI), and CD were the
most encountered primary readmission diagnoses. A list of the
most common readmission primary diagnosis is illustrated in
Table 6.
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Logistic regression model for factors associated with

NAFLD in patients with CD

Vitamin A deficiency (OR: 9.89; 95% CI: 4.49 - 21.76, P <
0.001), abnormal LFT (OR: 3.29; 95% CI: 2.29 - 472, P <
0.001), metabolic syndrome (OR: 2.69; 95% CI: 1.84 - 3.94, P
< 0.001), obesity (OR: 2.84; 95% CI: 2.65 - 3.04, P < 0.001),
diabetes mellitus (OR: 1.81; 95% CI: 1.68 - 1.96, P < 0.001),
vitamin D deficiency (OR: 1.43; 95% CI: 1.25 - 1.63, P <
0.001), hypertension (OR: 1.45;95% CI: 1.41 - 1.6, P<0.001),
vitamin B12 deficiency (OR: 1.56; 95% CI: 1.1 - 2.21, P =
0.013) CD with rectal bleeding (OR: 1.41; 95% CI: 1.16 - 1.49,
P <0.001), gallstone disease (OR: 3.44; 95% CI: 2.97 -3.99, P
< 0.001), chronic pancreatitis (OR: 2.73; 95% CI: 2.28 - 3.27,
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Table 2. Comorbid Diseases Among CD Patients With and Without NAFLD

NAFLD absent, n = 209,781 NAFLD present, n = 5,268 P value
Hypertension, % 29.8 41.5 <0.001?2
Diabetes mellitus, % 15.2 28.5 <0.0012
Obesity, % 11.3 29.3 <0.001?
Dyslipidemia, % 21.1 28.2 <0.001?2
Metabolic syndrome, % 0.1 0.7 <0.001?
Vitamin A deficiency, % 0.01 0.2 <0.001?
Vitamin D deficiency, % 3.1 4.9 <0.0012
Vitamin E deficiency, % 0.01 0.1 0.009®
Vitamin K deficiency, % 0.04 0.1 0.49°
Pyridoxine deficiency, % 0.01 0.01 0.616*
Thrombocytopenia, % 3.6 9.4 <0.0012
Vitamin B12 deficiency, % 0.4 0.6 0.026*
Abnormal LFT, % 0.2 0.6 <0.0012
Gallstone disease, % 1.1 4.2 <0.001?
Chronic pancreatitis, % 0.8 2.7 <0.001?
Clostridium difficile enterocolitis, % 2.6 3.6 <0.001?2
Portal hypertension, % 0.6 5 <0.001?

aPearson Chi-square test. °PFisher’s exact test. CD: Crohn’s disease; NAFLD: non-alcoholic fatty liver disease; LFT: liver function test.

P <0.001), thrombocytopenia (OR: 2.14; 95% CI: 1.93 - 2.38,
P <0.001), Clostridium difficile infection (OR: 1.41; 95% CI:
1.22-1.64, P<0.001), portal hypertension (OR: 5.35; 95% CI:
4.6 - 6.21, P <0.001), age group 45 - 64 (OR: 1.23; 95% CI:
1.14 - 1.32, P <0.001), and dyslipidemia (OR: 1.29; 95% CI:
1.2 - 1.39, P < 0.01) were positive and significant predictors

for NAFLD in CD patients.

CD with fistula (OR: 0.76; 95% CI: 0.63 - 0.91, P = 0.004)
was a negative predictor of NAFLD in patients with CD. Pre-

dictors of NAFLD in patients with CD are illustrated in Table 7.

Discussion

NAFLD is the most common chronic liver disease in Western
countries [25]. NAFLD was present in 2.5% of patients with
CD in our cohort. McHenry et al had reported a prevalence of
38% in his prospective study, in which he used magnetic reso-

Table 3. Gastrointestinal Complications Among CD Patients With and Without NAFLD

NAFLD absent, n = 209,781 NAFLD present, n = 5,268 P value?®
CD with fistula, % 3.5 2.2 <0.001
CD with rectal bleeding, % 3.9 5.1 <0.001
CD with abscess, % 33 2.1 <0.001
CD with intestinal obstruction, % 10.4 9.3 0.017

ap value for Pearson Chi-square test. CD: Crohn’s disease; NAFLD: non-alcoholic fatty liver disease.

Table 4. Hospitalization Outcomes for CD Patients With and Without NAFLD

NAFLD absent, n = 209,781 NAFLD present, n = 5,268 P value
Median LOS, days (IQR) 3(2-06) 4(2-6) <0.0012
Mortality, % 1.2 1 0.204°
All-cause 30-day non-elective readmission, % 11.1 11.7 0.172°
Median total charges (IQR) $30,782 (516,847 - $58,667) $32,305.5 ($18,600 - $61,599) <0.0012

aMann-Whitney test. PPearson Chi-square test. CD: Crohn’s disease; NAFLD: non-alcoholic fatty liver disease; LOS: length of stay; IQR: interquartile

range.
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Table 5. Hospitalization Outcomes for CD Patients With and Without NASH

NASH absent, n = 214,149 NASH present, n =900 P value
Median LOS, days (IQR) 3(2-6) 4(2-06) <0.001?2
Mortality, % 1.2 2.2 0.004°
All-cause 30-day non-clective readmission, % 11.1 15.6 <0.001b
Median total charges (IQR) $30,821 ($16,891 - $58,718) $30,422 ($17,683 - $66,474) 0.0832

aMann-Whitney test. PPearson Chi-square test. CD: Crohn’s disease; NASH: non-alcoholic steatohepatitis; LOS: length of stay; IQR: interquartile
range.

Table 6. Most Common Causes of 30-Day Readmission Among CD Patients With NASH

30-day readmission primary diagnosis Rate?
Sepsis, unspecified organism 1.7
Hepatic failure, unspecified with coma 1.7
Acute kidney failure, unspecified 1.6
CD without complications 1.4
Unspecified cirrhosis of liver 1.3
CD of small intestine with intestinal obstruction 0.9
Enterocolitis due to Clostridium difficile 0.7
Hypertensive heart and chronic kidney disease 0.6
Pneumonia, unspecified organism 0.6
Acute and subacute hepatic failure without coma 0.6
Nonalcoholic steatohepatitis (NASH) 0.6

2Rate as per 100 readmission records. CD: Crohn’s disease; NASH: non-alcoholic steatohepatitis.

Table 7. Logistic Regression Model for Factors Associated With NAFLD in Patients With CD

Predictor Odds ratio 95% CI (lower - upper) P value
Vitamin A deficiency 9.89 4.49 -21.76 <0.001
Portal hypertension 5.35 4.60 - 6.21 <0.001
Abnormal LFT 3.29 2.29-4.72 <0.001
Metabolic syndrome 2.69 1.84-3.94 <0.001
Obesity 2.84 2.65-3.04 <0.001
Diabetes mellitus 1.81 1.68 -1.96 <0.001
Vitamin D deficiency 1.43 1.25-1.63 <0.001
Hypertension 1.45 141-1.6 <0.001
Vitamin B12 deficiency 1.56 1.1-2.21 0.013
CD with rectal bleeding 1.31 1.16 - 1.49 <0.001
Dyslipidemia 1.29 1.2-1.39 <0.001
CD with fistula 0.76 0.63 -0.91 0.004
Female sex 1.07 1.01-1.13 0.023
Gallstone disease 3.44 2.97 -3.99 <0.001
Chronic pancreatitis 2.73 2.28-3.27 <0.001
Thrombocytopenia 2.14 1.93-2.38 <0.001
Clostridium difficile enterocolitis 1.41 1.22-1.64 <0.001
Age (years)

18 - 44 Reference

45 - 64 1.23 1.14-1.32 <0.001

>65 0.59 0.54 - 0.64 <0.001

CD: Crohn’s disease; NAFLD: non-alcoholic fatty liver disease; Cl: confidence interval; LFT: liver function test.
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nance proton density fat fraction (MR-PDFF) maps to screen
for NAFLD in patients with IBD [26]. The large variation in
the reported prevalence rates of NAFLD could be attributed to
the differences in the sample size, NAFLD diagnostic criteria,
and the respective study designs.

Given the higher number of CD patients with NAFLD
included in our study, we had the opportunity to study the
comorbid predictors of NAFLD in patients with CD. Around
one-third of CD patients with NAFLD analyzed in our study
had no records of metabolic syndrome components (diabetes
mellitus, hypertension, obesity, dyslipidemia), suggesting that
CD is an independent risk factor for NAFLD.

Prior studies have proposed the role of micronutrient de-
ficiencies in the development of NAFLD in patients with CD
[27-29]. We showed a clear association between the deficiency
of vitamins A, E, and D and NAFLD in patients with CD. In
addition, we also report a novel finding of a significant associ-
ation between vitamin B12 deficiency and NAFLD in patients
with CD. Multiple studies are currently evaluating the thera-
peutic role of vitamin supplements in patients with NAFLD.
Our study demonstrates the association between NAFLD and
multiple micronutrient deficiencies and provides novel in-
sights into potential therapeutic candidates.

There was a significantly higher risk of rectal bleeding
in CD patients with NAFLD compared to CD patients with-
out NAFLD, which might be related to the higher prevalence
of thrombocytopenia and portal hypertension in CD patients
with NAFLD in our cohort. More than one in 10 NAFLD pa-
tients in our cohort had cirrhosis, which can explain the higher
prevalence of portal hypertension, thrombocytopenia, and rec-
tal bleeding in this group. In addition, we highlight the higher
prevalence of Clostridium difficile enterocolitis among CD
patients with NAFLD, which is another remarkable finding.

Our study also showed that patients with NASH had a
higher all-cause 30-day non-elective readmission rate com-
pared to CD patients without NASH. Sepsis was the most
common primary cause of 30-day readmissions among CD
patients with NASH. These findings support prior studies that
reported that NAFLD is an independent risk factor for sepsis
[30]. NAFLD is associated with an increased long-term risk
of gastrointestinal cancers [31]. Future studies are needed to
evaluate the incidence and risk of cancer in CD patients with a
comorbid diagnosis of NAFLD.

Our study does have some limitations. Firstly, an NRD file
does not track patients across years or across different states,
which decreases the condition-specific readmission rates by a
margin of 5% or less for most of the Clinical Classifications Soft-
ware (CCS) categories [32]. Secondly, the use of administrative
codes is subject to misclassification. Lastly, NRD does not pro-
vide data on alcohol use, prescribed drugs, and we were unable to
adjust for the effect of medications that can alleviate or aggravate
NAFLD including but not limited to steroids, statins, various
anti-diabetic agents, and various anti-hypertensive agents. How-
ever, our study has several strengths. This is the first nationwide
study to evaluate the association between CD and NAFLD. We
used a national database, which accounts for 60.4% of all hospi-
talizations in the USA. The NRD has been validated for use in
clinical and epidemiological research studies.

In conclusion, our study showed that NAFLD is a common
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comorbidity in patients with CD and a significant determinant
of morbidity and mortality. We reported multiple factors inde-
pendently associated with NAFLD in patients with CD includ-
ing vitamin B12 deficiency, thrombocytopenia, vitamin A defi-
ciency, vitamin D deficiency, chronic pancreatitis, Clostridium
difficile enterocolitis, and portal hypertension. Further studies
are needed to investigate the pathogenesis and potential thera-
peutic of NAFLD among patients with CD.
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liver function test; MR-PDFF: magnetic resonance proton den-
sity fat fraction
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