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Abstract: Background and Purpose: Chronic inflammatory bowel diseases (IBD) frequently affect
extraintestinal organs including the liver. Since limited evidence suggests the presence of liver disease
in IBD patients, we studied the frequency of hepatic steatosis and fibrosis in these patients and
characterized disease-related factors. Methods: In this retrospective, cross-sectional, hospital-based,
single-center study, consecutive patients with Crohn’s disease (CD) and ulcerative colitis (UC) were
included who had undergone routine abdominal ultrasound including transhepatic elastography.
Hepatic steatosis was diagnosed by hyperechogenicity on B-mode ultrasound and by measuring
controlled attenuation parameter (CAP). Hepatic fibrosis was assumed if transhepatic elastography
yielded a stiffness > 7 kPa. Results: 132 patients (60% CD) with a median disease duration of 10 years
were included. Steatosis assessed by B-mode ultrasound and CAP correlated well. Of the IBD patients,
30.3% had non-alcoholic fatty liver (NAFL). Factors associated with NAFL were age, BMI, duration
of disease, as well as serum activities of aspartate-aminotransferase (AST) and gamma-glutamyl-
transpeptidase (GGT). In multivariate analysis, only disease duration was independently associated
with hepatic steatosis. Hepatic fibrosis was found in 10 (8%) of all IBD patients, predominantly
in patients with CD (10/11). Conclusions: Pure hepatic steatosis is common in both CD and UC,
whereas hepatic fibrosis occurs predominantly in CD patients. Association of disease duration with
NAFLD suggests a contribution of IBD-related pathogenetic factors. Longitudinal studies are needed
to better understand the impact of IBD on hepatic disorders.

Keywords: hepatic steatosis; hepatic fibrosis; Crohn´s disease; ulcerative colitis; elastography

1. Introduction

Chronic inflammatory bowel diseases (IBD) comprising ulcerative colitis (UC) and
Crohn’s disease (CD) result from a dysregulated immune response to the enteric resident
microbiota in genetically susceptible hosts [1]. Beyond the primary intestinal manifesta-
tion, about 40% of patients with IBD have extraintestinal manifestations [2,3], and among
these, primary sclerosing cholangitis (PSC) is particularly common [4,5]. Moreover, there
is increasing awareness of a potential association of IBD with other liver disorders in-
cluding so-called non-alcoholic fatty liver disease (NAFLD), which comprises pure fatty
liver (NAFL) and steatohepatitis (NASH) with various degrees of fibrosis. In 10 to 25%
of patients, NAFL progresses to NASH [6]. NASH is associated with hepatic fibrosis and
cirrhosis, liver failure and hepatocellular carcinoma [7,8]. The factors facilitating progres-
sion from NAFL to NASH are still incompletely understood in the general population,
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and even less is known in IBD patients. Several studies suggest that patients with IBD
may be at an increased risk for NAFLD as a result of chronic inflammation, changes in
the microbial flora with increased uptake of endotoxins from the intestine to the liver, and
dietary or digestive alterations [9]. Moreover, several drugs that are routinely used for
treatment of IBD, including corticosteroids, azathioprine/6-mercaptopurine, methotrexate
and anti-tumor necrosis factor alpha (TNF), have potential hepatotoxic side effects. Hence,
better insight into the factors leading to the development of hepatic steatosis and fibrosis in
IBD patients is needed.

Previous studies reported a wide range for the prevalence of hepatic steatosis, of
1.5% to 55%, in cohorts of IBD patients [4]. Part of this variability may be explained
by the choice of diagnostic test. Although liver biopsy is still considered the diagnostic
gold standard, its routine use in patients without overt liver disease is prohibitive. B-
mode hepatic ultrasound visualizes diffuse hyperechogenicity as a correlate of hepatic
steatosis. Transhepatic elastography semi-automatically measures surrogate parameters
of hepatic steatosis, including controlled attenuation parameter (CAP). Elastography can
also determine liver stiffness, a surrogate marker of liver fibrosis. However, hepatic
ultrasound is not part of the routine diagnostic work-up for IBD patients, and available
studies have barely used multimodal ultrasound techniques to describe the spectrum of
liver manifestations of IBD.

In the present study, we examined the frequency of hepatic steatosis and hepatic
fibrosis in a consecutive, single-center cohort of IBD patients using both standard hepatic
ultrasound and hepatic elastography. We also explored which clinical and laboratory
parameters are associated with hepatic alterations.

2. Material and Methods

We performed a retrospective, single-center cross-sectional study at the Department
of Internal Medicine and Gastroenterology of the Salem Hospital, an academic teaching
hospital of the University Heidelberg, Germany. IBD patients were seen at the department
after referral by general practitioners and internal medicine physicians. Consecutive
patients with an established diagnosis of CD or UC who presented between 2012 and 2016
were identified using the hospital medical records system.

Patients were eligible for the study only if they had received a hepatic ultrasound.
Patients were excluded from the analysis if they had a history of primary liver diseases,
including autoimmune hepatitis, primary sclerosing cholangitis, primary biliary cholangitis,
autoimmune cholangitis, viral hepatitis, or liver tumors. We also excluded patients with
severe heart failure or diabetes (defined as established diagnosis, HbA1c > 6.4%, non-fasting
glucose level > 180 mg/dL, or on antidiabetic medication), or if they were chronically using
alcohol beyond an estimated amount of 10 g/d for women and 20 g/d for men, respectively.

A standardized, pseudonymized case report form was used to extract data including
patient characteristics, body mass index, smoking habits, time interval since first diagnosis
of IBD and previous medical treatment of IBD from the medical record. Moreover, results of
liver function tests and, if available, serum total cholesterol and triglyceride concentrations
were also captured from records.

Abdominal ultrasound was performed as a routine procedure in all study participants
by a trained physician using standard procedures established in our department. All
ultrasounds were run on a Hitachi Hi Vision Preirus ultrasound scanner using a 3.5 MHz
transducer. Liver ultrasound reports were evaluated in relation to liver size with hep-
atomegaly defined as >14 cm in the midclavicular line.

Liver steatosis was categorized based on the following ultrasound features: grade 1
(mild) with a slight increase in liver echogenicity or slightly impaired hepatorenal echo
contrast difference, grade 2 (moderate) with both positive hepatorenal echo contrast and
bright liver echogenicity as well as an only obscure visualization of the diaphragm, and
grade 3 (severe), a marked increase in hepatic echogenicity, poor or no penetration of the
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posterior segment of the right lobe of the liver, no visualization of the diaphragm and
decreased or no visualization of the hepatic vessels and diaphragm [10].

Hepatic elastography with associated controlled attenuation parameter (CAP) was
routinely performed as part of hepatic ultrasound at our institution. Hepatic steatosis was
measured by transient elastography, and liver stiffness was measured with a fibroscan
(Echosens, Paris, France) using the M—probe as described [11]. Briefly, the tip of the
transducer probe was placed on the skin between the ribs and above the right lobe of
the liver. Measurement depth was between 25 and 65 mm below the skin surface. Ten
measurements were performed with a minimum success rate of 70%. Following the
recommendation by Saroli [12] and by a recent meta-analysis [13], any grade of NAFL was
defined as CAP > 248 dB/m. For measurements of stiffness by elastography, results were
expressed in kilo Pascals, and the median value of measurements was determined. Liver
fibrosis and cirrhosis were defined as transient elastography (TE) measurement > 7.0 kPa
and >12.5 kPa, respectively [14].

3. Statistical Analysis

All continuous variables were tested for normal distribution. Continuous variables
were expressed as median (25–75 percentile), and categorical variables were presented as
numeric (%). Group means of continuous variables were compared by Mann–Whitney test,
and categorical variables by χ2 to evaluate statistical differences among the different groups.
A multivariate logistic regression analysis (Enter method) was performed to examine which
variables were associated independently with the sonographic diagnosis of steatosis. These
included age, BMI, duration of disease, use of steroids, AST, gamma-glutamyl transferase,
CRP, and use of nicotine. Similarly, we performed a multivariate logistic regression analysis
(Enter method) to examine which variables were associated independently with hepatic
fibrosis. These included the following variables: disease duration, AST, gamma-glutamyl
transferase, IBD type, hepatomegaly and ALT. A p value of less than 0.05 was considered
statistically significant.

The study was approved by the ethics committee of the Medical Faculty of the Univer-
sity Hospital Heidelberg (No S-851-2021). Written informed consent was waived as only a
retrospective analysis of routine data was performed.

4. Results

A total of 132 patients were included in the study. Patient characteristics are shown in
Table 1. Sixty percent of patients suffered from CD and 40% of patients from UC. Median
age of the entire cohort was 42 years. A small majority of patients were female (57%). At
presentation to our service, median duration of disease was 10 years.

Subsequent analyses were based on the cohort with available B-mode ultrasound.
B-mode ultrasound found evidence of any hepatic steatosis in 40 of 132 patients (30.3%).
Among them, 26 (65%) had a grade 1, 13 (32.5%) had a grade 2, and 1 patient had a
grade 3 hepatic steatosis. CAP measurements were available in 89 of the 132 patients.
Of these, 31.5% had a CAP value ≥ 248 db/m. Determination of hepatic steatosis by
CAP corresponded well to steatosis diagnosed by B mode ultrasound (R: 0.735, p = 0.048).
Thirty-three percent of the IBD patients had hepatomegaly. Half of the patients with hepatic
steatosis also had hepatomegaly (Table 2).

Patients with hepatic steatosis were significantly older, had a higher body weight
and BMI, and had a longer disease duration. Immunosuppressive medication did not
significantly affect the presence of steatosis (Table 1).

In multivariate logistic regression analysis, including age, BMI, duration of disease,
AST, GGT, use of steroids, use of nicotine, and CRP, disease duration was the only variable
that was independently associated with hepatic steatosis (Supplementary Table S1).
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Table 1. Patient characteristics.

Variables All Patients
(n = 132)

No Steatosis
(n = 92)

Steatosis
(n = 40) p Value

Age, years 42 (31–57) 40 (28–59) 45 (40–52) 0.001

Gender, males 57 (43) 40 (43) 17 (45) 0.5

Weight, kg 68 (56–80) 64 (54–79) 73 (64–94) 0.02

Height, cm 170 (164–178) 171 (163–178) 170 (166–180) 0.5

BMI, kg/m2 23 (20–26) 22 (20–26) 24 (22–29) 0.02

Nicotine 31 (23) 19 (21) 12 (30) 0.17

Type of diagnosis 0.16

Crohn’s disease 79 (60) 52 (57) 27 (68)

Ulcerative colitis 53 (40) 40 (43) 13 (32)

Disease duration, years 10 (3–20) 10 (3–17) 11 (3–17) 0.14

AST, IU/L 18 (14–25) 17 (14–23) 19 (16–32) 0.06

ALT, IU/L 17 (11–27) 15 (10–23) 21 (14–37) 0.11

ALP, IU/L 82 (60–100) 78 (56–98) 91 (72–102) 0.07

γ-GT, IU/L 23 (16–51) 23 (15–44) 30 (19–85) 0.06

Total bilirubin, mg/dL 0.3 (0.2–0.5) 0.3 (0.2–0.5) 0.3 (0.2–0.5) 0.6

Cholesterol, mg/dL 139 (109–185) 135 (102–186) 161 (126–187) 0.3

LDL, mg/dL 76 (55–121) 73 (54–121) 85 (56–129) 0.9

Triglycerides, mg/dL 100 (78–142) 90 (77–133) 118 (82–195) 0.06

Steroids 112/127 (88) 80/87 (92) 32/40 (80) 0.054

Azathioprine/Mercapt 39/127 (31) 27/87 (31) 12/40 (30) 0.5

Methotrexate 7/127 (6) 5/87 (6) 2/40 (5) 0.6

Anti-TNF-Antibody 26/127 (20) 20/87 (22) 6/40 (15) 0.21
Categorical variables presented as numeric (%) and continuous as median (25–75 percentile). A p value of less
than 0.05 was considered statistically significant.: Information about treatment was available in 127 patients.

Table 2. Findings of hepatic ultrasound and elastography.

Variables All Patients
(n = 132)

No Steatosis
(n = 94)

Steatosis
(n = 38) p Value

Hepatomegaly 44 (33) 25 (27) 19 (50) 0.01

CAP (n = 89) 219 (183–267) 203 (175–235) 292 (237–316) <0.001

Stiffness [kPa] 4.3 (3.4–5.3) 4.3 (3.5–4.9) 4.2 (3.3–6.3) 0.4

Number (%) of patients
with fibrosis (stiffness ≥ 7) 11 (8) 4 (4) 7 (18) 0.01

Categorical variables presented as numeric (%) and continuous as median (25–75 percentile). Hepatomegaly
was defined as >14 cm in the midclavicular line. CAP: Controlled attenuation parameter assessed by hepatic
elastography; CAP scores were measured in 89 patients after the CAP module had become available.

Next, we examined the presence of liver stiffness in IBD patients (Table 3). Our study
had a suitable population for the measurement of hepatic stiffness by TE, because the
patients were all non-obese, allowing the M probe to be used successfully in all patients.
Hepatic elastography showed that the median stiffness in IBD patients was normal. How-
ever, 8% (11 of 132) of patients had evidence of liver fibrosis (i.e., stiffness ≥ 7) (Table 2).
Most patients (6%) had an F2 grade, 2% had an F3 grade and no patient had an F4 grade
(i.e., liver cirrhosis). Patients with fibrosis significantly more frequently had hepatomegaly.



J. Clin. Med. 2022, 11, 2623 5 of 10

Table 3. Characteristics of patients according to steatosis and hepatic fibrosis pattern.

Variables
Combined Steatosis

and Fibrosis
(n = 7)

Pts without Combined
Steatosis and Fibrosis

(n = 125)
p Value

Age, years 46 (41–48) 41 (31–58) 0.9

Gender, males 1 (14) 56 (45) 0.1

Weight, kg (n = 107) 70 (60–89) 67 (56–80) 0.6

Height, cm (n = 101) 167 (163–170) 171 (165–179) 0.3

BMI, kg/m2 (n = 95) 24 (22–33) 23 (20–26) 0.3

Nicotine 1 (14) 30 (24) 0.48

Disease duration, years 30 (17–37) 9 (3–19) <0.001

Type of diagnosis 0.025

Crohn’s disease 7 (100) 72 (58)

Ulcerative colitis 0 (0) 53 (42)

Hepatomegaly 6 (86) 38 (30.4) 0.025

AST, IU/L 43 (35–71) 17 (14–23) <0.001

ALT, IU/L 42 (23–91) 16 (11–26) 0.003

ALP, IU/L 82 (61–104) 82 (60–100) 0.8

γ-GT, IU/L 88 (47–124) 23 (15–45) 0.005

Total bilirubin, mg/dL 0.5 (0.4–0.9) 0.3 (0.2–0.4) 0.07

Steroids 6/7 (86) 106/120 (88) 0.6

Azathioprine/Mercaptopurine 2/7 (29) 37/120 (31) 0.6

Methotrexate 0/7 (0) 7/120 (6) 0.7

Anti-TNF 1/7 (14) 25/120 (21) 0.6
Categorical variables presented as numeric (%) and continuous as median (25–75 percentile). Hepatomegaly
was defined as >14 am in the midclavicular line, CAP: Controlled attenuation parameter assessed by hepatic
elastography.

In multivariate logistic regression analysis, including duration of disease, AST, ALT
and GGT, hepatomegaly and type of disease, disease duration was the only variable that
was independently associated with hepatic fibrosis (Supplementary Table S2).

Of the 11 IBD patients with increased stiffness, only 7 also had evidence of hepatic
steatosis, suggesting that the development of hepatic fibrosis is partially independent of
hepatic steatosis.

Finally, we compared the presence of hepatic manifestations in CD versus UC (Table 4).
Patients with CD and UC did not differ significantly in terms of hepatic steatosis, In contrast,
a marked difference was evident for hepatic stiffness. Of the 11 patients diagnosed with
hepatic fibrosis, 10 suffered from CD.

Table 4. Characteristics of patients according to type of diagnosis (Crohn‘s disease versus ulcera-
tive colitis).

Variables Crohn’s Disease
(n = 79)

Ulcerative Colitis
(n = 53) p Value

Age, years 44 (33–53) 40 (30–62) 0.9

Gender, males 31 (39) 26 (49) 0.17

Weight, kg 64 (54–79) 73 (64–94) 0.054

Height, cm 170 (163–176) 173 (167–181) 0.2
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Table 4. Cont.

Variables Crohn’s Disease
(n = 79)

Ulcerative Colitis
(n = 53) p Value

BMI, kg/m2 23 (20–27) 23 (20–25) 0.7

Nicotine 25 (32) 6 (11) 0.005

Disease duration, years 9.5 (3–21.3) 10 (3–15) 0.27

Hepatomegaly 29 (37) 15 (28) 0.15

Steatosis (sonography) 27 (34) 13 (16) 0.16

CAP 222 (186–277) 205 (174–255) 0.31

Stiffness [kPa] 4.3 (3.5–5.3) 4.1 (3.4–5.2) 0.47

Fibrosis (Stiffness ≥ 7) 10 (13) 1 (2) 0.025

AST, IU/L 19 (15–26) 17 (14–23) 0.2

ALT, IU/L 17 (10–28) 15 (11–24) 0.11

ALP, IU/L 83 (64–99) 80 (53–103) 0.33

γ-GT, IU/L 23 (14–47) 24 (16–60) 0.6

Total bilirubin, mg/dL 0.3 (0.2–0.4) 0.3 (0.2–0.5) 0.3

Cholesterol, mg/dL 130 (108–171) 175 (142–201) 0.02

LDL, mg/dL 63 (54–85) 115 (98–136) 0.009

Triglycerides, mg/dL 90 (75–145) 114 (78–136) 0.94

Steroids 67/76 (88) 45/51 (88) 0.6

Azathioprine/Mercaptopurine 26/76 (34) 13/51 (25) 2

Methotrexate 5/76 (7) 2/51 (4) 0.4

Anti-TNF 19/76 (25) 7/51 (14) 0.09
Categorical variables presented as numeric (%) and continuous as median (25–75 percentile). Hepatomegaly
was defined as >14 cm in the midclavicular line. CAP: Controlled attenuation parameter assessed by hepatic
elastography; CAP scores were measured in 89 patients after the CAP module had become available.

5. Discussion

We investigated the association of IBD with NAFLD in terms of liver steatosis and liver
fibrosis using B-mode ultrasound and TE in a cohort of IBD patients. The key findings of
our study are that (1) hepatic steatosis is common in a middle-aged cohort of IBD patients,
(2) the development of hepatic steatosis in IBD patients is associated with disease duration,
(3) only a small proportion of IBD patients have evidence of hepatic fibrosis, and (4) hepatic
fibrosis occurs predominantly in CD patients.

Previous studies reported a substantial variety for the prevalence of NAFLD in IBD
patients and yielded controversial findings when comparing the prevalence of NAFLD
in IBD patients against the general population. The population prevalence of NAFLD is
23.7% in Europe and 25.4% globally [6,7,15]. Some investigators found a markedly lower
prevalence of NAFLD in IBD patients (7.2%, 8.2%) [16], [17]. Other investigators and a
recent systematic review reported a similar or higher prevalence of NAFLD in IBD patients
compared to the general population [12,18,19]. The geographical origin of the population
also affects the risk of NAFLD in IBD patients. American patients had the highest (43%),
European patients an intermediate (31%), and Asian patients the lowest prevalence of
NAFLD among IBD patients (13%) [19]. Alternatively, differences in the prevalence of
NAFLD among IBD cohorts may result from different diagnostic tests (e.g., liver function
tests, ultrasound, MRI, CT, liver biopsy). However, even in studies using biopsy samples,
a large variability in the prevalence of NAFLD between 4 and 55% of IBD patients has
been reported [4,20]. In our study, findings of B-mode ultrasound and CAP measurements
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correlated well, supporting that our findings are valid and in line with previous findings by
others [21] using B-mode ultrasound in combination with CAP measurement of the liver.

Our findings support the notion that disease-related factors contribute to pathogenesis
of NAFLD in IBD patients. In the general population, the prevalence of NAFLD increases
with age, and patients often suffer from diabetes, obesity, hyperlipidemia, hypertension,
and chronic kidney disease [18]. In contrast, our IBD patient cohort was relatively young
(median age 42 years), had a median BMI of 23, and we excluded patients with a history of
diabetes or increased consumption of alcohol.

In our study, only disease duration was independently associated with NAFLD in
multivariate analysis. The mechanisms underlying this disease-associated effect are largely
speculative. A major characteristic of IBD is the loss of mucosal integrity, resulting in
a “leaky gut” with the uptake of endotoxins. Potential factors in IBD patients include a
disrupted mucosal barrier in the gut that no longer protects against the immigration of
bacteria of the normal intestinal flora into the intestinal wall. Bacteria-specific immune cells
are found in experimental IBD [22], which, together with other intestinal pro-inflammatory
factors including bacterial endotoxin, may translocate from the gut into the portal vein
and subsequently trigger intrahepatic processes of inflammation. These endotoxins enter
the liver and bind at receptors on Kupffer cells, resulting in the secretion of cytokines
and chemokines, which activate hepatic stellate cells for fibrogenesis [23]. The larger the
intestinal lesions are, the more endotoxins that enter the portal system and may affect the
liver. Intriguingly, stabilization of the mucosa by a layer of protective bacteria improved
hepatic steatosis in animal models [24] and human subjects [25]. According to the “multiple
hit” hypothesis of the pathogenesis of NAFLD [26], several insults acting together are
necessary to lead to NAFLD in genetically predisposed patients. Similarly to IBD, there
is evidence for substantial changes in microbiota in diverticular diseases of the colon [27].
Colonic diverticular disease is also associated with NAFLD, suggesting that changes in gut
microbiota may play a role in the pathogenesis of NAFLD in these conditions [28].

Certain eating habits of IBD patients and malabsorption due to intestinal inflammation
may lead to low body weight, which can cause NAFL [29,30]. Conversely, some IBD patients
with NAFLD eat an unbalanced, high caloric diet, resulting in a higher BMI [18].

Although several drugs have hepatotoxic side effects, these drugs were not associated
with NAFL in our study. Similarly, previous studies found no effect from azathioprine/6-
mercaptopurine [17] or methotrexate on the development of liver fibrosis [31]. We did not
investigate the role of Sulfasalazine, which may have hepatotoxic effects [32]. Elevated
tumor necrosis factor alpha is not only an important cytokine in the pathogenesis of IBD
but also one of the main proinflammatory factors involved in the earliest phases of a variety
of liver diseases [33]. Indeed, anti-TNF alpha antagonism reversed intestinal inflammation
and improved steatosis in rodent models [34] and humans [35].

Transhepatic elastography is a well-established, highly accurate, non-invasive method
to measure hepatic fibrosis in the liver [11]. Insights into the prevalence and pathogenesis
of hepatic fibrosis in IBD patients are very limited to date. Eight percent of our IBD patients
showed increased liver stiffness on hepatic elastography, reflecting moderate fibrosis in
accordance with previous studies [12,36,37]. Recent studies using similar threshold levels
for F1 to F4 fibrosis with transient elastography found grades of fibrosis in IBD patients
similar to those found in our study [14,38].

Remarkably, most patients with hepatic fibrosis in our study suffered from CD as
compared to UC. This suggests that specific factors other than just any kind of intestinal
inflammation lead to hepatic fibrosis, some of which may be more prominent in CD. Such
factors may include vitamin D deficiency and bile acid malabsorption. Our study also
reveals that hepatic fibrosis develops at least partially independently of hepatic steatosis in
CD patients, as more than one third of patients with fibrosis had no evidence of NAFLD. A
previous study in IBD patients with NAFLD diagnosed by imaging or biopsy originally
reported a rare progression to hepatic fibrosis. However, the degree of fibrosis was only
estimated using a NAFLD fibrosis score and not ultrasound, elastography or histology [37].
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In the general population, NAFLD may progress to NASH and liver cirrhosis in connection
with unfavorable genetic factors [39,40]. Further investigation of genetic and other factors
underlying the development and progression of liver fibrosis in IBD and particularly CD
patients is warranted.

The main limitation of our study is the retrospective, cross-sectional study design,
which did not allow complete collection of data for several parameters and precluded any
follow-up. Because the study was based on data from a single center, the generalizability
is limited, and a selection bias is possible. Moreover, we had no detailed information
about the duration of exposure to the respective drugs. On the other hand, we prespecified
eligibility criteria.

In conclusion, our study highlights that liver steatosis is common in IBD patients and
suggests that the inflammatory disease process contributes to the development of fatty liver
disease both in CD and UC. In contrast, hepatic fibrosis appears to occur predominantly
in CD. While future longitudinal studies are needed to better understand the prognostic
impact of IBD on NAFLD and liver fibrosis development, a multimodal hepatic ultrasound
may be useful for the diagnostic assessment of liver disease in IBD patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11092623/s1, Table S1: Steatosis, Table S2: Fibrosis.

Author Contributions: Conceptualization, C.V.; Formal analysis, S.L. and E.K.; Investigation, C.V.;
Project administration, K.-H.W.; Supervision, H.K.S.; Writing—original draft, C.V.; Writing—review
& editing, K.-H.W., H.S. and H.K.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethical Committee of the University of Heidelberg (No S-851-2021,
date of approval: 4.2.2022).

Informed Consent Statement: Written informed consent was waived as only a retrospective analysis
of routine data was performed.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to waived consent.

Conflicts of Interest: CV advises for Janssen. KHW advises for Alexion, Bayer, Orphalan, Pfizer,
Ultragenyx, Univar, Vivet therapeutics. KHW received research funding (to the institution) from
Alexion, Novartis, Orphalan, Univar. KHW received travel grants from Abbvie, Bayer and Gilead.
All other authors report no conflict of interest.

References
1. Friedrich, M.; Pohin, M.; Powrie, F. Cytokine Networks in the Pathophysiology of Inflammatory Bowel Disease. Immunity 2019,

50, 992–1006. [CrossRef] [PubMed]
2. Vavricka, S.R.; Schoepfer, A.; Scharl, M.; Lakatos, P.L.; Navarini, A.; Rogler, G. Extraintestinal Manifestations of Inflammatory

Bowel Disease. Inflamm. Bowel. Dis. 2015, 21, 1982–1992. [CrossRef] [PubMed]
3. Guillo, L.; D’Amico, F.; Serrero, M.; Angioi, K.; Loeuille, D.; Costanzo, A.; Danese, S.; Peyrin-Biroulet, L. Assessment of

extraintestinal manifestations in inflammatory bowel diseases: A systematic review and a proposed guide for clinical trials.
United Eur. Gastroenterol. J. 2020, 8, 1013–1030. [CrossRef] [PubMed]

4. Gizard, E.; Ford, A.C.; Bronowicki, J.P.; Peyrin-Biroulet, L. Systematic review: The epidemiology of the hepatobiliary manifesta-
tions in patients with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2014, 40, 3–15. [CrossRef]

5. Rossi, R.E.; Conte, D.; Massironi, S. Primary sclerosing cholangitis associated with inflammatory bowel disease: An update. Eur.
J. Gastroenterol. Hepatol. 2016, 28, 123–131. [CrossRef]

6. Diehl, A.M.; Day, C. Cause, Pathogenesis, and Treatment of Nonalcoholic Steatohepatitis. N. Engl. J. Med. 2017, 377, 2063–2072.
[CrossRef]

7. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef]

8. Wong, C.R.; Nguyen, M.H.; Lim, J.K. Hepatocellular carcinoma in patients with non-alcoholic fatty liver disease. World J.
Gastroenterol. 2016, 22, 8294–8303. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm11092623/s1
https://www.mdpi.com/article/10.3390/jcm11092623/s1
http://doi.org/10.1016/j.immuni.2019.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30995511
http://doi.org/10.1097/MIB.0000000000000392
http://www.ncbi.nlm.nih.gov/pubmed/26154136
http://doi.org/10.1177/2050640620950093
http://www.ncbi.nlm.nih.gov/pubmed/32778004
http://doi.org/10.1111/apt.12794
http://doi.org/10.1097/MEG.0000000000000532
http://doi.org/10.1056/NEJMra1503519
http://doi.org/10.1002/hep.28431
http://doi.org/10.3748/wjg.v22.i37.8294


J. Clin. Med. 2022, 11, 2623 9 of 10

9. Karaivazoglou, K.; Konstantakis, C.; Tourkochristou, E.; Assimakopoulos, S.F.; Triantos, C. Non-alcoholic fatty liver disease in
inflammatory bowel disease patients. Eur. J. Gastroenterol. Hepatol. 2020, 32, 903–906. [CrossRef]

10. Hamaguchi, M.; Kojima, T.; Itoh, Y.; Harano, Y.; Fujii, K.; Nakajima, T.; Kato, T.; Takeda, N.; Okuda, J.; Ida, K.; et al. The severity
of ultrasonographic findings in nonalcoholic fatty liver disease reflects the metabolic syndrome and visceral fat accumulation.
Am. J. Gastroenterol. 2007, 102, 2708–2715. [CrossRef]

11. Mueller, S.; Sandrin, L. Liver stiffness: A novel parameter for the diagnosis of liver disease. Hepat. Med. 2010, 2, 49–67. [CrossRef]
12. Saroli Palumbo, C.; Restellini, S.; Chao, C.Y.; Aruljothy, A.; Lemieux, C.; Wild, G.; Afif, W.; Lakatos, P.L.; Bitton, A.; Cocciolillo,

S.; et al. Screening for Nonalcoholic Fatty Liver Disease in Inflammatory Bowel Diseases: A Cohort Study Using Transient
Elastography. Inflamm. Bowel. Dis. 2019, 25, 124–133. [CrossRef]

13. Karlas, T.; Petroff, D.; Sasso, M.; Fan, J.G.; Mi, Y.Q.; de Lédinghen, V.; Kumar, M.; Lupsor-Platon, M.; Han, K.H.; Cardoso, A.C.;
et al. Individual patient data meta-analysis of controlled attenuation parameter (CAP) technology for assessing steatosis. J.
Hepatol. 2017, 66, 1022–1030. [CrossRef]

14. Brühl, J.; Schirren, M.; Wei, C.; Antoni, C.; Böcker, U. Prospective noninvasive analysis of hepatic fibrosis in patients with Crohn’s
disease: Correlation of transient elastography and laboratory-based markers. Eur. J. Gastroenterol. Hepatol. 2011, 23, 923–930.
[CrossRef]

15. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis
and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328–357. [CrossRef]

16. Silva, J.; Brito, B.S.; Silva, I.N.N.; Nóbrega, V.G.; da Silva, M.; Gomes, H.D.N.; Fortes, F.M.; Pimentel, A.M.; Mota, J.; Almeida, N.;
et al. Frequency of Hepatobiliary Manifestations and Concomitant Liver Disease in Inflammatory Bowel Disease Patients. Biomed.
Res. Int. 2019, 2019, 7604939. [CrossRef]

17. Sourianarayanane, A.; Garg, G.; Smith, T.H.; Butt, M.I.; McCullough, A.J.; Shen, B. Risk factors of non-alcoholic fatty liver disease
in patients with inflammatory bowel disease. J. Crohns. Colitis 2013, 7, e279–e285. [CrossRef]

18. Magrì, S.; Paduano, D.; Chicco, F.; Cingolani, A.; Farris, C.; Delogu, G.; Tumbarello, F.; Lai, M.; Melis, A.; Casula, L.; et al.
Nonalcoholic fatty liver disease in patients with inflammatory bowel disease: Beyond the natural history. World J. Gastroenterol.
2019, 25, 5676–5686. [CrossRef]

19. Lin, A.; Roth, H.; Anyane-Yeboa, A.; Rubin, D.T.; Paul, S. Prevalence of Nonalcoholic Fatty Liver Disease in Patients With
Inflammatory Bowel Disease: A Systematic Review and Meta-analysis. Inflamm. Bowel. Dis. 2021, 27, 947–955. [CrossRef]

20. Broomé, U.; Glaumann, H.; Hultcrantz, R. Liver histology and follow up of 68 patients with ulcerative colitis and normal liver
function tests. Gut 1990, 31, 468–472. [CrossRef]
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