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Abstract
Purpose Liver steatosis is a frequently reported condition in patients with inflammatory bowel disease (IBD). Different 
factors, both metabolic and IBD-associated, are believed to contribute to the pathogenesis. The aim of our study was to 
calculate the prevalence of liver steatosis and fibrosis in IBD patients and to evaluate which factors influence changes in 
steatosis and fibrosis during follow-up.
Methods From June 2017 to February 2018, demographic and biochemical data was collected at baseline and after 
6–12 months. Measured by transient elastography (FibroScan), liver steatosis was defined as Controlled Attenuation Param-
eter (CAP) ≥248 and fibrosis as liver stiffness value (Emed) ≥7.3 kPa. IBD disease activity was defined as C-reactive protein 
(CRP) ≥10 mg/l and/or fecal calprotectin (FCP) ≥150 μg/g. Univariate and multivariate regression analysis was performed; 
a p-value of ≤0.05 was considered significant.
Results Eighty-two out of 112 patients were seen for follow-up; 56% were male. The mean age was 43 ± 16.0 years, and 
mean BMI was 25.1 ± 4.7 kg/m2. The prevalence of liver steatosis was 40% and of fibrosis was 20%. At baseline, 26 patients 
(32%) had an active episode of IBD. Using a multivariate analysis, disease activity at baseline was associated with an 
increase in liver steatosis (B = 37, 95% CI 4.31–69.35, p = 0.027) and liver fibrosis (B = 1.2, 95% CI 0.27–2.14, p = 0.016) 
during follow-up.
Conclusions This study confirms the relatively high prevalence of liver steatosis and fibrosis in IBD patients. We demonstrate 
that active IBD at baseline is associated with both an increase in liver steatosis and fibrosis during follow-up.

Keywords Inflammatory bowel diseases · Non-alcoholic fatty liver disease · Liver steatosis · Liver fibrosis

Introduction

Non-alcoholic fatty liver disease (NAFLD), which is char-
acterized by the presence of steatosis in >5% of the hepato-
cytes, is the most common cause of chronic liver disease [1, 
2]. NAFLD is considered a spectrum of liver disease starting 
with steatosis, thus characterized by lipid accumulation in 
the hepatocytes, to non-alcoholic steatohepatitis (NASH), 

with additional hepatic inflammation and ballooning and for-
mation of fibrosis and cirrhosis. NAFLD is associated with a 
group of metabolic comorbidities, including obesity, hyper-
tension, diabetes mellitus, and hypertriglyceridemia [3]. The 
prevalence of NAFLD is estimated at 24% in the global adult 
population, and NAFLD is predicted to become one of the 
leading causes of liver transplantation in the upcoming years 
[4, 5]. Liver fibrosis seems to be the most important feature 
associated with increased overall and liver-related mortality, 
and presence of fibrosis increases the likelihood of devel-
oping liver-related complications including hepatocellular 
carcinoma (HCC) [6].

In patients with inflammatory bowel disease (IBD), the 
prevalence of NAFLD may be higher than in the general 
population as a prevalence up to 54% has been described [7].

IBD consists of Crohn’s disease (CD) and ulcera-
tive colitis (UC) and is a chronic inflammation disorder 
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of the gastro-intestinal tract. The exact etiology of IBD 
is still unknown, although it seems to be an interaction 
between genetic and environmental factors that influence 
the immune response and the gut microbiome.[8]

The gut microbiome is implicated in the pathogenesis 
and progression of numerous chronic diseases, including 
NAFLD. Through the so-called gut-liver axis, the liver is 
exposed to gut-bacterial-derived products, including toxins 
(lipopolysaccharides), enzymes (methylamines), alcohol, 
and short-chain fatty acids (mainly acetate, propionate, and 
butyrate). This may lead to accumulation of triglycerides, 
inflammatory responses, oxidative stress, and accompanying 
damage to the hepatocytes [9, 10]. In IBD patients, the intes-
tinal barrier function is disrupted [11, 12]. A disturbance 
in the intestinal barrier can therefore result in an increased 
portal influx of bacteria or their products to the liver, where 
they can contribute or worsen a range of hepatic metabolic 
diseases [9].

Taken together, the increased risk to develop NAFLD in 
IBD patients might be related to a higher number of peo-
ple with obesity and metabolic comorbidities in the IBD 
population. But also intestinal disease-related factors, such 
as inflammatory activity, previous intestinal surgery, disease 
duration, or a prolonged use of steroids, may contribute to 
the pathogenesis of liver steatosis and fibrosis, for instance, 
via the gut-liver axis [7, 13].

The aims of our clinical study were to evaluate the preva-
lence of liver steatosis and fibrosis in IBD patients and to 
evaluate prospectively which factors influence changes in 
steatosis and fibrosis during follow-up.

Materials and methods

Study design and population

We conducted a single-center prospective study in consecu-
tive adult IBD patients with a confirmed diagnosis of CD, 
UC, or IBD-Unclassified (IBD-U) at the outpatient IBD 
clinic of the Department of Gastroenterology and Hepatol-
ogy at the Leiden University Medical Center (LUMC), The 
Netherlands. Demographical and biochemical data were col-
lected from June 2017 to February 2018 at enrollment and 
after at least 6 but not more than 12 months.

Patient characteristics and diagnostic criteria

Baseline characteristics were collected, including age, sex, 
IBD phenotype, disease duration (cardiovascular), medical 
history, and previous or current used (IBD) medication. As 
biometric data, weight, height, Body Mass Index (BMI), 
waist-hip circumference, and waist-hip ratio was meas-
ured. Blood samples were drawn according to regular care, 

including C-reactive protein (CRP), alanine aminotrans-
ferase (ALAT), and glycated hemoglobin (HbA1c). A fecal 
sample was collected to determine fecal calprotectin (FCP). 
The degree of IBD complaints was measured by the partial 
MAYO-score (pMAYO-score) for UC and IBD-U patients 
and the Harvey Bradshaw Index (HBI) for CD patients. 
Disease activity was defined as CRP ≥10  mg/l and/or 
FCP ≥150 μg/g. The degree of liver steatosis and fibrosis was 
assessed by transient elastography (FibroScan) [14]. Liver 
steatosis was defined as a Controlled Attenuation Parameter 
(CAP) ≥248. Liver fibrosis was classified as a liver stiff-
ness value (Emed) ≥7.3 kPa, further specified as F2-F3 if 
7.3 kPa <Emed <10.49 kPa or >F3 if Emed ≥10.5 kPa. To 
determine changes in liver steatosis and fibrosis, ∆CAP 
and ∆Emed (follow-up minus baseline) were studied. The 
dietary pattern was assessed using the Mediterranean Diet 
Scale Score (MDSS), and during the study, there were no 
dietary interventions or restrictions.

Outcomes

The primary outcome was to evaluate the prevalence of liver 
steatosis and fibrosis in IBD patients. The secondary out-
come of the study was to identify metabolic and intestinal 
disease-related factors associated with liver steatosis and 
fibrosis during follow-up.

Statistical analysis

Continuous variables were presented as mean with standard 
deviation (SD) or as median with interquartile range (IQR) 
depending on the normality of the underlying distribution. 
Baseline characteristics were compared using an independ-
ent sample T test; paired variables were compared using a 
paired sample T test or Wilcoxon signed rank test. Categori-
cal variables were presented as a total percentage and com-
pared by using the chi-squared test or Fisher’s exact test; in 
case of >2 groups, the Friedman test was used. Multivariate 
binary logistic regression was used to assess the associa-
tion between IBD-associated factors and liver steatosis at 
baseline. To assess the predictive factors associated with 
liver steatosis and fibrosis in IBD patients during follow-up, 
a univariate and multivariate linear regression analysis was 
performed. These variables were included: age, ALAT, BMI, 
CRP, disease activity at baseline, disease duration, FCP, 
gender, HBA1c, hip circumference, IBD-diagnosis, liver 
steatosis at baseline, MDSS, prior surgery because of IBD, 
use of anti-tumor necrosis factor α (anti TNF-α) therapy, 
use of prednisone, waist circumference, and waist-hip ratio. 
A p-value of ≤0.05 was considered significant for all tests. 
All data analysis was performed using SPSS, version 25.0.
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Ethical consideration

This research project was reviewed and approved by the 
Medical Ethical Committee in the LUMC, with reference 
number NL61647.058.17. Informed consent was obtained 
from all participants prior to inclusion in the study. The 
study was conducted in accordance with the principles of 
the Declaration of Helsinki.

Results

Baseline characteristics

One hundred and 17 patients were enrolled in our prospec-
tive study, of which 5 patients were excluded because of a 
medical history with primary sclerosing cholangitis (PSC) 
or auto-immune hepatitis (AIH), and 82 patients were also 
seen for follow-up. Of these 82 patients, 40 (49%) patients 
were identified as having CD and 42 (51%) patients as hav-
ing UC or IBD-U. Patients were predominantly male with a 
mean age of 43 years (16.0); the mean duration of IBD since 
diagnosis was 14 years (11.5).

Both at baseline and follow-up, we examined the 
anthropometric measurements. No differences between 
BMI were found: 25.1 [4.7] kg/m2 vs. 25.1 [4.5] kg/
m2 (p = 0.882), respectively. In contrast, at baseline, 
there was a higher waist circumference then at follow-
up, despite the fact that there was no diet intervention 
in between time points (88.2 [11.5] vs. 81.5 [12.0], 
p = 0.000). No significant difference in waist-hip ratio 
was found (p = 0.186).

At baseline 26 patients (32%) had an active episode of 
IBD, compared to 20 patients (26%) at follow-up (p = 0.359). 
Thirteen of these 20 patients already had an active episode at 
baseline; 7 patients developed a disease flare during follow-
up. Using transient elastography at baseline, steatosis was 
detected in 32 patients (40%). Liver fibrosis was found in 16 
patients (20%) and was staged as grade 2 and 3 fibrosis, 11 
(14%) and 5 (6%), respectively. The prevalence of liver stea-
tosis and fibrosis was also checked for all patients (n = 112), 
which was similar.

No significant difference in the prevalence of liver 
steatosis was found between baseline and follow-up, in 
contrast to the prevalence of liver fibrosis (p = 0.041) 
(Table 1).

Of all 112 patients, 30 patients (26.8%) were lost to 
follow-up. To check if the loss of these patients led to 
selection bias, we compared the baseline characteristics of 
these 30 patients with our cohort. Between both groups, 
we did not find any outcomes which were clinically rel-
evant. All outcomes are presented in Supplementary 
Table 1.

Factors associated with liver steatosis at baseline

In the multivariate logistic regression model age, BMI, 
HBA1c, the use of anti-TNF-α therapy and waist circumfer-
ence were included. An increase in waist circumference was 
independently associated with 1.2 times higher likelihood 
of liver steatosis (OR 1.21, 95% CI 1.02–1.45, p = 0.029). 
As shown in Table 2, no significant associations were found 
between liver steatosis and IBD-related factors.

To confirm our observations with liver steatosis as a 
continuous variable, we performed also a linear regression 
model. Also in this model, only waist circumference was 
associated with an increased risk of NAFLD development 
(B = 3.2, 95% CI 1.49 = 4.88, p = 0.000), and again no intes-
tinal disease-related factors were found (Supplementary 
Table 2).

Factors associated with liver fibrosis at baseline

In the univariate logistic regression model, only disease 
duration was associated with liver fibrosis at baseline. Again 
we also confirmed our observations with a multivariate lin-
ear regression model, where no IBD-related or metabolic 
risk factors were found to be associated with liver fibrosis 
(Supplementary Table 3).

Changes in liver steatosis and fibrosis 
during follow‑up

Next, ∆CAP and ∆Emed (follow-up minus baseline) were 
studied to determine changes in liver steatosis and fibrosis 
under the influence of disease activity at baseline.

In the group of patients with no disease activity at base-
line, the ∆CAP declined with a mean difference of −34.9 
(68.4), whereas the ∆CAP increased with a mean difference 
of 23.2 (78.8) in patients with a disease flare at baseline 
(p = 0.003).

The same trend was seen in liver fibrosis during follow-
up. The ∆Emed decreased with a mean difference of −0.88 
(1.9) in patients with quiescent IBD at baseline, and an 
increase of the ∆Emed with a mean difference of 0.45 
(2.0) was noticed in patients with active disease at baseline 
(p = 0.007).

Factors associated with liver steatosis (∆CAP) 
and fibrosis (∆Emed) during follow‑up

In consequence of this, a multivariate linear regression anal-
ysis was performed to identify whether disease activity was 
actually associated with liver steatosis and fibrosis during 
follow-up.

To start with liver steatosis, where IBD diagnosis (CD 
or UC), use of anti-TNF-α, liver steatosis at baseline and 
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disease activity at baseline were included in the final 
model. Whereas at baseline no significant associations 
were found between IBD-related factors and the risk 
of liver steatosis, an IBD disease flare at baseline was 
indeed associated with an increase in liver steatosis dur-
ing follow-up (B = 36.8, 95% CI 4.31–69.35, p = 0.027). 
Also liver steatosis (CAP value) at baseline was found 

to be associated (B =  −0.4, 95% CI − 0.6–0.2, p = 0.000) 
(Table 3).

Then liver fibrosis, where both disease activity and liver 
steatosis at baseline were included in the final model. The 
same trend was seen, since an IBD flare at baseline was 
associated with an increase in liver fibrosis during follow-up 
(B = 1.18, 95% CI 0.23–2.14, p = 0.016) (Table 4).

Table 1  Patient characteristics 
of the cohort group (n = 82) at 
baseline and follow-up

ALAT alanine aminotransferase, BMI Body Mass Index, CD Crohn’s disease, cm centimeters, CRP C-reac-
tive protein, FCP fecal calprotectin, HBI Harvey Bradshaw Index, IBD inflammatory bowel disease, IBD-U 
IBD unclassified, IQR interquartile range, MDSS Mediterranean Diet Scale Score, N number, pMAYO score 
partial MAYO score, SD standard deviation, UC ulcerative colitis, y years
* p ≤ 0.05 considered statistically significant

Cohort baseline (n = 82) Cohort follow-up (n = 82) p-value

Age (y), mean (SD) 42.7 (16.0) -
Gender—male, N (%) 46 (56.1) -
IBD type, N (%)
  CD 40 (48.8)
  UC, IBD-U 42 (51.2)

Disease duration (y), mean (SD) 14.0 (11.5) -
Prior surgery because of IBD, N (%) 26 (32.1)
pMAYO score, N (%) 0.052
  Remission (0–1) 31 (73.8) 38 (90.5)
  Mild (2–4) 7 (16.7) 4 (9.5)
  Moderate (5–6) 2 (4.8) 0
  Severe (7–9) 2 (4.8) 0

HBI score, N (%) 0.166
Remission (< 5) 27 (69.2) 34 (85.0)
Mild (5–7) 7 (17.9) 3 (7.5)
Moderate (8–16) 5 (12.8) 2 (5.0)
Severe (> 16) 0 1 (2.5)
FCP, µg/l, median (IQR) 66.5 (25.5–230.3) 43.0 (15.0–170.0) 0.035*
CRP, mg/l, median (IQR) 3.0 (3.0–5.8) 1.8 (0.6–5.1) 0.000*
ALAT, U/l, median (IQR) 18.0 (13.5–23.0) 21.0 (17.0–25.3) 0.042*
Disease activity, N (%) 0.359
  Active 26 (32.1) 20 (26.0)
  Remission 55 (67.9) 57 (74.0)

BMI, kg/m2, mean (SD) 25.1 (4.7) 25.1 (4.5) 0.882
Waist circumference (cm), mean (SD) 88.2 (11.5) 81.5 (12.0) 0.000*
Waist-hip ratio, mean (SD) 0.9 (0.1) 1.0 (0.8) 0.186
Liver steatosis, CAP, mean (SD) 234.8 (73.2) 219.5 (74.5) 0.054
Liver steatosis, N (%) 0.664
   < 248 49 (60.5) 52 (64.2)
   > 248 32 (39.5) 29 (35.8)
Liver fibrosis, Emed, mean (SD) 5.5 (2.9) 5.0 (2.4) 0.041*
Liver fibrosis, N (%) 0.317
  F0-F1 65 (80.2) 71 (87.7)
  F2-F3 11 (13.6) 7 (8.6)
  F > 3 5 (6.2) 3 (3.7)

MDSS (mean, SD) 13.1 (3.1) 13.5 (3.4) 0.239
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Discussion

In this prospective study, a prevalence of liver steatosis was 
found in 40% of all IBD patients, whereas liver fibrosis was 
detected in 20%. Furthermore, an IBD disease flare at base-
line was associated with an increase in liver steatosis and 
fibrosis during follow-up, whereas at baseline, no associa-
tions were found between IBD-related factors and the risk 
of liver steatosis and fibrosis.

A prevalence of 32% of NAFLD among IBD patients, 
with a BMI range similar to our study, was mentioned in a 
recent meta-analysis by Lin et al., which is comparable with 
the prevalence of liver steatosis in our cohort [15]. However, 
the real prevalence of NAFLD worldwide is still not entirely 
clear because of the lack of consensus in terminology and 
the wide range in diagnostic criteria [16].

Regarding diagnostic tools, the EASL guideline 
advises to identify liver steatosis by imaging, preferably 

ultrasound (US), because it is widely available and rather 
cheap. The golden standard for diagnosing liver fibrosis 
is still liver biopsy, even though the procedure is inva-
sive [2]. Although the EASL suggests that more data is 
needed to define the role of CAP compared with US, we 
have assessed the degree of both steatosis and fibrosis by 
transient elastography (FibroScan). Decisive factors for 
us to use the FibroScan were the fact that the procedure is 
non-invasive and could take place at the outpatient clinic.

Whether the relatively high level of NAFLD in IBD popula-
tions can solely be explained by the high prevalence of obesity 
and metabolic comorbidities or whether IBD-related factors 
also play a role is uncertain. Magri et al. demonstrates ret-
rospectively that male sex, obesity (BMI), and a high lipidic 
diet were associated with the development of NAFLD in 
IBD patients [13]. Also Carr et al. found a higher association 
between NAFLD and the presence of MetS in their IBD pop-
ulation [17]. In our study, waist circumference was indepen-
dently associated with the presence of liver steatosis at baseline,  

Table 2  Predictive factors associated with the presence of liver stea-
tosis in IBD patients at baseline

ALAT alanine aminotransferase, BMI Body Mass Index, CI confi-
dence interval, cm centimeters, CRP C-reactive protein, FCP fecal 
calprotectin, HBA1c glycated hemoglobin, IBD inflammatory bowel 
disease, MDSS Mediterranean dietary serving score, OR odds ratio, 
TNF tumor necrosis factor, y year
* Adjusted for age, ALAT, BMI, CRP, disease activity, disease dura-
tion, FCP, HBA1c, hip circumference, IBD-diagnosis, MDSS, sex, 
surgery because of IBD, use of anti-TNF-α,use of prednisone, waist 
circumference, waist hip ratio
** p ≤ 0.05 considered statistically significant

OR* 95% CI p-value

Age at baseline (y) 1.023 0.953–1.098 0.527
Waist circumference (cm) 1.217 1.020–1.452 0.029**
BMI (kg/m2) 0.836 0.601–1.164 0.290
HBA1c (mmol/l) 1.066 0.938–1.212 0.328
Use of anti-TNF-α 0.595 0.090–3.933 0.590

Table 3  Predictive factors 
associated with liver steatosis 
during follow-up (∆CAP) in 
IBD patients

ALAT alanine aminotransferase, BMI Body Mass Index, CD Crohn’s disease, CI confidence interval, cm 
centimeters, CRP C-reactive protein, FCP fecal calprotectin, HBA1c glycated hemoglobin, IBD inflamma-
tory bowel disease, OR odds ratio, TNF tumor necrosis factor, y year
* Adjusted for age, ALAT, BMI, CRP, disease activity at baseline, disease duration, FCP, HBA1c, hip cir-
cumference, IBD-diagnosis, liver steatosis at baseline, MDSS, sex, surgery because of IBD, use of anti-
TNF-α,use of prednisone, waist circumference, waist hip ratio
** p ≤ 0.05 considered statistically significant

Unstandardized B* 95% CI p-value

IBD-diagnosis (CD)  −11.301  −42.920–20.318 0.479
Disease activity at baseline   36.833    4.315–69.352 0.027**
Liver steatosis at baseline  −0.425  −0.638 to − 0.213 0.000**
Use of anti-TNF-α   15.323  −16.559–47.205 0.341

Table 4  Predictive factors associated with liver fibrosis during fol-
low-up (∆Emed) in IBD patients

ALAT alanine aminotransferase, BMI Body Mass Index, CD Crohn’s 
disease, CI confidence interval, cm centimeters, CRP C-reactive 
protein, FCP fecal calprotectin, HBA1c glycated hemoglobin, IBD 
inflammatory bowel disease, OR odds ratio, TNF tumor necrosis fac-
tor, y year
* Adjusted for age, ALAT, BMI, CRP, disease activity at baseline, dis-
ease duration, FCP, HBA1c, hip circumference, IBD-diagnosis, liver 
steatosis at baseline, sex, surgery because of IBD, use of anti-TNF-
α,use of prednisone, waist circumference, waist hip ratio
** p ≤ 0.05 considered statistically significant

Unstandardized B* 95% CI p-value

Disease activity at 
baseline

  1.183   0.266–2.140 0.016**

Liver steatosis at 
baseline

−0.003 −0.010–0.003 0.277
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whereas we found no association between BMI and liver 
steatosis.

Several studies suggested that specific IBD-related fac-
tors may contribute to the pathogenesis of NAFLD. Glass-
ner et al. found that IBD patients with a longer duration of 
disease are more likely to develop NAFLD because of a 
potential longer exposure to multiple risk factors [18]. Bes-
sissow et al. documented that also prior surgery and IBD 
disease activity were risk factors for NAFLD development 
in IBD patients [19]. In our cohort, the mean IBD duration 
was 14.2 years (11.4), and 32% had surgery because of IBD. 
Both factors were not associated with a higher risk of liver 
steatosis, and disease duration was only associated with liver 
fibrosis at baseline in a univariate logistic regression model.

Several studies also describe the influence of IBD medi-
cation on the development of liver steatosis. Underlying 
liver diseases such as NAFLD are an important cofactor for 
MTX-induced liver toxicity [20], whereas corticosteroids 
can cause an increased deposition of lipids in the liver [21]. 
On the other hand, anti-TNF-a therapy reduces liver steato-
sis in animal studies, although clinical studies are lacking 
[22–24]. In our study, the use of corticosteroids was no risk 
factor to develop liver steatosis or fibrosis; however, further 
research in the medication field is needed.

As earlier mentioned, prior studies found that intestinal 
permeability is increased both in patients with NAFLD and 
in patients with IBD, presumably caused by alterations in 
tight junctions [25]. Although there is more and more atten-
tion for the unraveling of the cause-effect relationship of 
the pathophysiology [26], there is no valid biomarker so far 
which is specific enough to determine a dysfunctional gut 
barrier in the gut and liver tissue. In NAFLD patients, the 
disturbance correlates with the severity of steatosis [27], 
whereas hypertransaminasemia in patients with celiac dis-
ease is related to the severity of the duodenal lesion and mal-
absorption [28]. The other way around, in newly diagnosed 
Crohn’s disease, the presence of liver test abnormalities was 
an independent risk factor for the development of compli-
cated disease behavior [29]. In contrast with this data, we 
found no significant association between IBD disease activ-
ity and liver steatosis or fibrosis at baseline.

Whereas at baseline no significant associations were 
found between IBD-related factors and the risk of NAFLD, 
an IBD disease flare at baseline was indeed associated with 
increases in liver steatosis and fibrosis during follow-up. We 
do not have a conclusive explanation for this finding during 
follow-up, and also the course of steatosis and fibrosis in 
IBD patients over time is not entirely elucidated yet, but we 
have some suggestions.

First, IBD is characterized by a relapsing and remitting 
course which can cause structural damage in the gut and 
extra-intestinal organs over time [30, 31]. We think the 

influence of disease activity during follow-up is of greater 
value than just a measurement at one time point such as 
baseline. It could be that steatosis also disappear when the 
IBD flare stabilizes, like the findings of Bardella et al. about 
the effect of gluten-free diet (GFD) in adult celiac patients 
with hypertransaminasemia. After 1 year, a highly signifi-
cant improvement in intestinal histology was observed and 
transaminase levels normalized in 95% of the patients [32].

The second is the influence of the dietary pattern dur-
ing follow-up, which we checked for half of the group over 
time with the Mediterranean Diet Serving Score (MDSS). 
The MDSS is an updated and validated questionnaire to 
assess the Mediterranean diet (MD) adherence. The higher 
the MDSS, with an optimal cutoff point of 13.50, the more 
adherence to the MD which can be translated to a more 
healthy dietary pattern [33, 34]. In our cohort with no diet 
intervention in between time points, the mean MDSS at 
baseline was 12.8 points (3.1); at follow-up, it was 13.4 
points (2.9), which was not a statistically significant differ-
ence (p = 0.257) and thereby no explanation for the follow-
up outcomes.

The limitations of our study are that thirty patients were 
loss to follow-up, but the baseline data of this group did not 
differ significantly compared to our cohort with follow-up 
and was thus considered of having no impact on the analy-
ses. We have chosen for the FibroScan as diagnostic device 
instead of ultrasound to detect liver steatosis and a biopsy to 
assess fibrosis, which are still the golden standards. In our 
study, we were particularly interested in the degree of CAP, 
where it seems that there is no effect from a recent meal on 
this value so far [35]. However, there are studies that sug-
gest that the degree of liver stiffness could be influenced 
by a meal consumed 120–180 min before performing the 
FibroScan [36]. Therefore, performing a FibroScan under 
standardized fasting status should be considered in future 
studies. Furthermore, the only blood tests performed were 
those in the context of regular care, and no data is available 
on lipid metabolism. We therefore do not have any data on 
specific risk factors related to the metabolic syndrome and 
NAFLD. At last we only included patients from a single 
tertiary center in the Netherlands, so caution is needed when 
interpreting these data. The strength of our study lies in the 
fact that this is the first prospective study which analyzes 
steatosis and fibrosis among IBD patients during a follow-
up period, which we think is a great addition in the field of 
a chronic relapsing disease.

In conclusion, our study reveals a relatively high preva-
lence of liver steatosis and fibrosis in IBD patients. This 
raises the question whether IBD, like celiac disease, also 
needs to be considered one of the secondary causes of liver 
steatosis and should be taken into account before diagnos-
ing NAFLD. Furthermore, we found that an IBD disease 
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flare at baseline was indeed associated with a higher risk 
of liver steatosis and fibrosis during follow-up, showing the 
importance of collecting data over time in an inflammatory 
disease characterized by a relapsing and remitting course. 
However, further studies are still needed.

Supplementary information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00384- 021- 04065-8.

Author contribution All authors have read and agreed to the published 
version of the manuscript. Conceptualization and methodology: S.M. 
and P.M. Investigation, data curation, project administration, and for-
mal analysis: E.L., M.S., T.D., J.M., D.M., and P.M. Writing—original 
draft preparation: E.L., M.T., and P.M. Writing—review and editing: 
E.L., M.T., A.M., I.M., S.M., and P.M. Visualization: E.L. and P.M.

Declarations 

Ethics approval This research project was reviewed and approved by 
the Medical Ethical Committee in the LUMC, with reference number 
NL61647.058.17.

Consent to participate Informed consent was obtained from all par-
ticipants prior to inclusion in the study.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

References

 1. Byrne CD, Targher G (2015) NAFLD: a multisystem disease. J 
Hepatol 62(1 Suppl):S47-64

 2. European Association for the Study of the L, European Associa-
tion for the Study of D, European Association for the Study of 
O (2016) EASL-EASD-EASO Clinical Practice Guidelines for 
the management of non-alcoholic fatty liver disease. J Hepatol 
64(6):1388–402

 3. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella 
M et al (2018) The diagnosis and management of nonalcoholic 
fatty liver disease: practice guidance from the American Associa-
tion for the Study of Liver Diseases. Hepatology 67(1):328–357

 4. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M 
et al (2018) Global burden of NAFLD and NASH: trends, predic-
tions, risk factors and prevention. Nat Rev Gastroenterol Hepatol 
15(1):11–20

 5. Pais R, Barritt ASt, Calmus Y, Scatton O, Runge T, Lebray P 
et al (2016) NAFLD and liver transplantation: current burden and 
expected challenges. J Hepatol 65(6):1245–57

 6. Lim YS, Kim WR (2008) The global impact of hepatic fibrosis 
and end-stage liver disease. Clin Liver Dis 12(4):733–46 vii

 7. Likhitsup A, Dundulis J, Ansari S, Patibandla S, Hutton C, 
Kennedy K et  al (2019) High prevalence of non-alcoholic 
fatty liver disease in patients with inflammatory bowel disease 
receiving anti-tumor necrosis factor therapy. Ann Gastroenterol 
32(5):463–468

 8. Molodecky NA, Kaplan GG (2010) Environmental risk factors 
for inflammatory bowel disease. Gastroenterol Hepatol (N Y) 
6(5):339–346

 9. Albillos A, de Gottardi A, Rescigno M (2020) The gut-liver axis 
in liver disease: pathophysiological basis for therapy. J Hepatol 
72(3):558–577

 10. Konturek PC, Harsch IA, Konturek K, Schink M, Zopf Y (2018) 
Gut-liver axis: how intestinal bacteria affect the liver. MMW 
Fortschr Med 160(Suppl 5):11–15

 11. McCole DF (2014) IBD candidate genes and intestinal barrier 
regulation. Inflamm Bowel Dis 20(10):1829–1849

 12. Michielan A, D'Inca R (2015) Intestinal permeability in inflam-
matory bowel disease: pathogenesis, clinical evaluation, and 
therapy of leaky gut. Mediators Inflamm 2015:628157

 13. Magri S, Paduano D, Chicco F, Cingolani A, Farris C, Delogu 
G et al (2019) Nonalcoholic fatty liver disease in patients with 
inflammatory bowel disease: beyond the natural history. World 
J Gastroenterol 25(37):5676–5686

 14. Tapper EB, Castera L, Afdhal NH (2015) FibroScan (vibration-
controlled transient elastography): where does it stand in the 
United States practice. Clin Gastroenterol Hepatol 13(1):27–36

 15. Lin A, Roth H, Anyane-Yeboa A, Rubin DT, Paul S (2020) 
Prevalence of nonalcoholic fatty liver disease in patients with 
inflammatory bowel disease: a systematic review and meta-
analysis. Inflamm Bowel Dis

 16. Araujo AR, Rosso N, Bedogni G, Tiribelli C, Bellentani S 
(2018) Global epidemiology of non-alcoholic fatty liver disease/
non-alcoholic steatohepatitis: what we need in the future. Liver 
Int 38(Suppl 1):47–51

 17. Carr RM, Patel A, Bownik H, Oranu A, Kerner C, Praestgaard 
A et al (2017) Intestinal inflammation does not predict nonalco-
holic fatty liver disease severity in inflammatory bowel disease 
patients. Dig Dis Sci 62(5):1354–1361

 18. Glassner K, Malaty HM, Abraham BP (2017) Epidemiology 
and risk factors of nonalcoholic fatty liver disease among 
patients with inflammatory bowel disease. Inflamm Bowel Dis 
23(6):998–1003

 19. Bessissow T, Le NH, Rollet K, Afif W, Bitton A, Sebastiani G 
(2016) Incidence and predictors of nonalcoholic fatty liver disease 
by serum biomarkers in patients with inflammatory bowel disease. 
Inflamm Bowel Dis 22(8):1937–1944

 20. Herfarth HH, Kappelman MD, Long MD, Isaacs KL (2016) Use 
of methotrexate in the treatment of inflammatory bowel diseases. 
Inflamm Bowel Dis 22(1):224–233

 21. Rahimi L, Rajpal A, Ismail-Beigi F (2020) Glucocorticoid-
induced fatty liver disease. Diabetes Metab Syndr Obes 
13:1133–1145

 22. Sourianarayanane A, Garg G, Smith TH, Butt MI, McCullough 
AJ, Shen B (2013) Risk factors of non-alcoholic fatty liver dis-
ease in patients with inflammatory bowel disease. J Crohns Colitis 
7(8):e279–e285

 23. Wandrer F, Liebig S, Marhenke S, Vogel A, John K, Manns MP 
et al (2020) TNF-Receptor-1 inhibition reduces liver steatosis, 
hepatocellular injury and fibrosis in NAFLD mice. Cell Death 
Dis 11(3):212

 24. Di Minno MN, Iervolino S, Peluso R, Russolillo A, Lupoli R, 
Scarpa R et al (2012) Hepatic steatosis and disease activity in 
subjects with psoriatic arthritis receiving tumor necrosis factor-
alpha blockers. J Rheumatol 39(5):1042–1046

 25. Luther J, Garber JJ, Khalili H, Dave M, Bale SS, Jindal R et al 
(2015) Hepatic injury in nonalcoholic steatohepatitis contributes 
to altered intestinal permeability. Cell Mol Gastroenterol Hepatol 
1(2):222–232

 26. Schoultz I, Keita AV (2020) The intestinal barrier and current 
techniques for the assessment of gut permeability. Cells-Basel 
9(8)

 27. Miele L, Valenza V, La Torre G, Montalto M, Cammarota G, 
Ricci R et al (2009) Increased intestinal permeability and tight 

355International Journal of Colorectal Disease (2022) 37:349–356

https://doi.org/10.1007/s00384-021-04065-8


1 3

junction alterations in nonalcoholic fatty liver disease. Hepatology 
49(6):1877–1887

 28. Zanini B, Basche R, Ferraresi A, Pigozzi MG, Ricci C, Lanzarotto 
F et al (2014) Factors that contribute to hypertransaminasemia 
in patients with celiac disease or functional gastrointestinal syn-
dromes. Clin Gastroenterol Hepatol 12(5):804–10 e2

 29. Barendregt J, de Jong M, Haans JJ, van Hoek B, Hardwick J, 
Veenendaal R et al (2017) Liver test abnormalities predict compli-
cated disease behaviour in patients with newly diagnosed Crohn’s 
disease. Int J Colorectal Dis 32(4):459–467

 30. Liverani E, Scaioli E, Digby RJ, Bellanova M, Belluzzi A (2016) 
How to predict clinical relapse in inflammatory bowel disease 
patients. World J Gastroenterol 22(3):1017–1033

 31. Cosnes J (2013) Measuring structural damage in Crohn’s disease. 
Gastroenterol Hepatol (N Y) 9(2):103–104

 32. Bardella MT, Fraquelli M, Quatrini M, Molteni N, Bianchi 
P, Conte D (1995) Prevalence of hypertransaminasemia in 

adult celiac patients and effect of gluten-free diet. Hepatology 
22(3):833–836

 33. Monteagudo C, Mariscal-Arcas M, Rivas A, Lorenzo-Tovar ML, 
Tur JA, Olea-Serrano F (2015) Proposal of a Mediterranean Diet 
Serving Score. PLoS One 10(6):e0128594

 34. Molendijk I, van der Marel S, Maljaars PWJ (2019) Towards a 
food pharmacy: immunologic modulation through diet. Nutrients 
11(6)

 35. Silva M, Moreira PC, Peixoto A, Santos AL, Lopes S, Goncalves 
R et al (2019) Effect of meal ingestion on liver stiffness and con-
trolled attenuation parameter. Ge Port J Gastroent 26(2):99–104

 36. Perazzo H, Veloso VG, Grinsztejn B, Hyde C, Castro R (2015) 
Factors that could impact on liver fibrosis staging by transient 
elastography. Int J Hepatol 2015

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

356 International Journal of Colorectal Disease (2022) 37:349–356


	Disease activity in inflammatory bowel disease patients is associated with increased liver fat content and liver fibrosis during follow-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and population
	Patient characteristics and diagnostic criteria
	Outcomes
	Statistical analysis
	Ethical consideration

	Results
	Baseline characteristics
	Factors associated with liver steatosis at baseline
	Factors associated with liver fibrosis at baseline
	Changes in liver steatosis and fibrosis during follow-up
	Factors associated with liver steatosis (∆CAP) and fibrosis (∆Emed) during follow-up

	Discussion
	References


