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SUMMARY

Background: Non-alcoholic fatty liver disease (NAFLD) is found in inflammatory bowel
disease (IBD). However, uncertainties remain on the magnitude of the association.

Aims: To explore systematically the prevalence of, and risk factors for, NAFLD in IBD patients.

Methods: We searched medical literature using Embase, PubMed, Web of Science, Scopus, and
ProQuest, from inception to September 30, 2021. We included observational studies reporting
the prevalence of NAFLD in =50 adult patients with IBD. Diagnosis of NAFLD could be based
on imaging, histopathology, and/or hepatic steatosis index. Sex, age, body mass index (BMI),
diabetes, hypertension, dyslipidemia, prior surgery (bowel resection), corticosteroids, biologics,
and immunomodulators were assessed as potential risk factors for NAFLD.

Results: Of 1,893 citations, 44 eligible studies were finally included, comprising 14,947 subjects
from 18 different countries. Pooled prevalence of NAFLD was 30.7% (95% confidence interval
[CI] 26.5-34.9) in patients with IBD worldwide, which varied regionally. No significant difference
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was observed in odds ratio (OR) of NAFLD among Crohn’s disease (CD) patients compared with
ulcerative colitis (UC) patients (1.16, 95% CI 0.93-1.44). Risk of NAFLD was almost twice as
high in patients with IBD as in healthy subjects (OR 1.96, 95% CI 1.13-3.41). Age (adjusted

OR 1.03, 95% CI 1.01-1.05) and BMI (adjusted OR 1.27, 95% CI 1.22-1.32) were statistically
significantly associated with increased risk of NAFLD. The pooled prevalence of advanced liver
fibrosis in IBD patients with NAFLD was 13.6% (95% CI 7.6-19.7) based on six studies.

Conclusion: Up to one-third of patients with IBD experienced NAFLD worldwide. The risk of
NAFLD was two times higher in IBD patients versus healthy subjects.

Graphical Abstract

Prevalence of, and risk factors for, non-alcoholic fatty liver disease in patients with
inflammatory bowel disease: A systematic review and meta-analysis
Up to one-third of patients with 1BD The risk of NAFLD was two times Older age and higher BMI were

experienced NAFLD worldwide. higher in IBD patients versus potentially linked with increased risk
aime healthy subjects. of NAFLD in patients with [BD.
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INTRODUCTION

Inflammatory bowel diseases (IBD) are chronic diseases characterised by remitting and
relapsing inflammation of the gastrointestinal tract, with negative effects on the patients’
social function and quality of life.1:2 Crohn’s disease (CD) and ulcerative colitis (UC)
are the two main types of IBD that present specific characteristics, and their incidence
and prevalence are globally increasing.3 These diseases frequently develop extraintestinal
manifestations affecting different organs, such as hepatobiliary manifestations.*

Non-alcoholic fatty liver disease (NAFLD), a growing cause of chronic liver diseases (such
as hepatic cirrhosis, and hepatocellular carcinoma), has been observed in IBD patients
with various prevalence reported.>~7 It seems that there is a similarity between IBD and

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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NAFLD in the epidemiology across geographic areas over time.8 However, the etiology of
the association between these two diseases is unknown. Both diseases are multifactorial with
environmental, genetic, immunologic, and pharmacological determinants.®10

IBD and NAFLD are both associated with considerable healthcare expenditures, and

their increasing prevalence would undoubtedly impose a growing economic burden.11:12
Moreover, IBD patients with concurrent NAFLD are potentially at a higher risk of liver
abnormalities compared with those without, which can affect the clinical management of the
patients with 1BD.813 Comprehensive systematic analysis on the data related to coexistence
magnitude of IBD and NAFLD would hopefully give a better insight into management
strategies for these conditions. We have therefore performed a systematic review and meta-
analysis on the prevalence of, and risk factors for, NAFLD in patients with IBD to examine
these issues.

METHODS

Study protocol

The current systematic review and meta-analysis was presented according to the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-Analysis) guideline.14

The protocol of our study was documented online in the PROSPERO registry
(CRD42021278106).

Information sources and search strategy

We searched the published literature using Embase, PubMed, Web of Science, Scopus, and
ProQuest, from the inception to 30 September 2021, to identify the observational studies
reporting the prevalence of NAFLD among IBD patients. No language restriction was
applied. The related terms were searched in the Medical Subject Headings (MeSH) database,
and finally, the following free text terms were selected as keywords: “inflammatory bowel
disease” OR “inflammatory bowel diseases” OR “IBD” OR “Crohn disease” OR “Crohn’s
disease” OR “ulcerative colitis” AND “NAFLD” OR “NAFL” OR “non-alcoholic fatty liver
disease” OR “nonalcoholic fatty liver disease” OR “fatty liver disease” OR “fatty liver” OR
“steatosis” OR “NASH” OR “steatohepatitis”. The search was limited to Title/Abstract. The
full search strategy is provided in the Supplement. To identify additional relevant articles, we
did a hand search of the reference lists of the related reviews and the retrieved papers.

Inclusion and exclusion criteria

To be eligible, individual studies had to report the prevalence of NAFLD in at least

50 unselected adult patients (aged =18 years old) with histologically or radiologically
confirmed IBD. The diagnosis of NAFLD could be based on imaging (ultrasonography,
computed tomography, magnetic resonance imaging, and/or transient elastography
[FibroScan]), histopathology, and/or hepatic steatosis index (HSI). The exclusion criteria
included: 1) Reviews, case reports, editorials, and letter to the editors; 2) Duplicate papers
or assessing the same sample; 3) Studies did not exclude subjects with excessive alcohol
consumption; 4) Studies included only subjects with a specific condition, such as morbid
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obesity; 5) Studies with less than 50 participants; 6) Surveys that recruited children; 7)
Studies without extractable data; 8) Full-texts not being available.

Study selection and data extraction

Two reviewers (MZ and SA) independently evaluated the study suitability by screening

the titles and abstracts of all references, and then full-texts of the potential papers, using
the pre-designed eligibility forms. Any disagreements were resolved by consensus between
the investigators or by the third author’s comment (RL). The degree of agreement was
measured with a kappa statistic. Data were extracted from the retrieved articles onto

a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, Washington) by two
authors (MZ and SA) independently. Again, the discrepancies were resolved by consensus.
The following data were finally collected: first author’s name, publication year, study
location (country), diagnostic method of NAFLD, sample size, number of subjects by

sex (if available), IBD subtype (CD or UC, if available), activity of IBD (active, or
inactive, if available), CD location (ileal, colonic, ileocolonic, or upper gastrointestinal,

if available), CD behavior (non-stricturing, non-penetrating, stricturing, or penetrating, if
available), UC extent (proctitis, left-side, or extensive, if available), NAFLD severity (mild-
to-moderate, or severe, if available), number of healthy controls (if available), risk factors
(age, body mass index [BMI], diabetes, hypertension, dyslipidemia, prior surgery for IBD
[bowel resection], corticosteroids, biologics, immunomodulators, or 5-aminosalicylic acid,
if available), number of NAFLD in IBD patients, number of advanced liver fibrosis in

IBD patients with NAFLD (if available), and diagnostic method of liver fibrosis. For the
present study, control groups included healthy subjects without IBD who did not attend

a hospital as outpatients. We grouped location of studies according to the World Health
Organisation (WHO) Regions (Suppl Table 1).1° Google Translate was used for translation
of non-English articles. With respect to duplicate publications, we chose the study with the
most comprehensive details. Where the necessary information was unavailable, we emailed
the corresponding authors.

Risk of bias assessment

In order to assess the risk of bias of the included studies, we used the checklist by Hoy

et al.,16 which was designed for the prevalence studies. This tool has nine questions about
target population, sampling frame, selection of sample, response rate by subjects, how

to data collection, case definition, study instrument, same mode of data collection, and
numerators and dominators for the parameters. There are two potential responses for each
criterion, including “Yes” (score 0) or “No” (score 1). The total scores for each study would
range from 0 to 9, and higher scores show higher risk of bias.

Study outcomes and statistical analysis

The proportion of patients with IBD with concomitant NAFLD in each study was combined
to give a pooled prevalence rate of NAFLD using the Inverse Variance method (including

a double arcsine transformation). The estimates were presented as percent and 95%
confidence interval (Cl). The / statistic was used to measure the heterogeneity between

the studies, which ranges from 0% to 100% and is categorised as follows: 25% to 49% (low
heterogeneity), 50% to 74% (moderate heterogeneity), and =75% (high heterogeneity).1’

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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The chi-squared test with a p-value less than 0.10 was used to define a significant degree

of heterogeneity.1” We performed subgroup analyses according to type of IBD (CD, or
UC), geographical study location, publication date (2003-2010, 2011-2016, or 2017-2021),
NAFLD severity, sex, diagnostic method of NAFLD, IBD activity, CD location or behavior,
and UC extent. We classified NAFLD severity as mild-to-moderate (grades 1 and 2 on
ultrasound, or controlled attenuation parameter [CAP] S1 and S2 on FibroScan) or severe
(grade 3 on ultrasound, or CAP S3 on FibroScan). A p-value less than 0.05 indicated

a significant difference between the subgroups. Regarding the risk factors mentioned
earlier, we extracted odds ratios (ORs) with confounder adjustment, where applicable, and
pooled them to obtain an overall estimate of adjusted OR (aOR). When a study presented
information on the risk factors for CD and UC, we considered each report separately for
analysis. Sex was also analysed as a risk factor. Pooling the data was conducted using

a random-effects model to provide a more conservative estimate of the prevalence rate,

and the odds, of NAFLD in different groups. The publication bias was assessed using
Egger’s test where at least 10 studies were available.18 A p-value less than 0.05 was
considered statistically significant for Egger’s test. The statistical analyses were conducted
using STATA (StataCorp, College Station, TX).

Search results, study selection and characteristics

The search strategy initially recovered 1,893 citations. Of these, 92 articles appeared to be
potentially pertinent to the study question and were retrieved for further evaluations. Finally,
a total of 44 papers fulfilled the eligibility criteria (Figure 1), comprising 14,947 subjects
from 18 different countries worldwide.>~7-13.19-58 There was an excellent agreement
between the two investigators for the eligibility judgment (Kappa statistic = 0.85). All papers
were published in English. A total of 19 studies were carried out in the European Region
(seven in Italy, three in Turkey, two in Germany, two in Portugal, two in Spain, one in
Croatia, one in Netherlands, one in Romania),>13:19.21,23,26,28,30,32,35,36,43-46,48,52,56,58 1 g
studies in the Region of the Americas (13 in the USA, three in Canada, one in Mexico,

and one in Brazil),6.7:22:24,25.27,29,34,37,39-41,47,49-51,54.55 for studies in the Western

Pacific Region (China, Japan, Korea, and Taiwan each had an individual study).31:38:42.49,
two studies in the South-East Asian Region (India),20-53 and one study in the Eastern
Mediterranean Region (Qatar).>’ Baseline characteristics, as well as risk of bias assessment,
of the included studies are summarised in Suppl Table 2.

Pooled prevalence of NAFLD in patients with IBD according to geographical study location
and publication date

Based on 44 studies containing 14,947 patients, the global pooled prevalence of NAFLD
was 30.7% (95% CI 26.5-34.9; £=97.7%; p<0.001) in patients with IBD (Figure 2).
According to WHO Regions, the highest prevalence of NAFLD in IBD patients was 36.9%
(95% CI 31.2-42.6; = 95.1%; p<0.001) in the European Region, and the lowest was
11.8% (95% CI 9.7-13.9) in the Eastern Mediterranean Region (Table 1). The difference
in the prevalence rates between different regions was significant (p<0.001). At country
level, the highest prevalence of NAFLD in patients with IBD was 44.4% (95% CI 41.2—

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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47.6; P=0.0%; p=0.619) in Spain, and the lowest was 6.9% (95% CI 4.0-9.7) in Brazil
(Suppl Table 3). Figure 3 denotes the prevalence of NAFLD among IBD patients across

the world. The pooled prevalence in studies published during 2003-2010,19.2341.50 2011
2016,7:13.22,24,27,28,47,48,56 and 2017-202156:20.21,25,26,29-40,42-46,49 51-55,57,58 \ya5 25 204,
(95% Cl 10.2-40.2; P=94.4%; p<0.001), 25.9% (95% Cl 18.8-33.0; =97.4%; p<0.001),
and 32.8% (95% Cl 27.4-38.2; £=97.8%; p<0.001), respectively, and the difference was not
significant (p=0.258) (Table 1).

Pooled prevalence of NAFLD in patients with IBD versus controls

There were four studies that compared the prevalence of NAFLD between IBD patients and
healthy controls.23:33:36:43 Based on these studies that included 3,884 subjects, the pooled
prevalence of NAFLD was higher in IBD patients compared with controls (40.8% [% 95 CI
21.2-60.3] versus 27.9% [% 95 CI 5.9-50.0]). The OR for NAFLD in patients with IBD
compared with controls was 1.96 (95% CI 1.13-3.41), with high heterogeneity between the
studies (/2=83.6%; p<0.001) (Suppl Figure 1).

Pooled prevalence of NAFLD in patients with IBD according to IBD subtype

The pooled prevalence of NAFLD was 34.4% (95% CI 28.0-40.8; £2=96.9%; p<0.001) in
25 studies containing 5,223 patients with CD,:6:13,21,23-25,30-33,35-40,42,44,46,48,53-55,57 gnq
28.2% (95% Cl 22.0-34.3; 2=95.1%; p<0.001) in 22 studies containing 3,101 patients with
UC (Table 1 and Suppl Figure 2)_5,6,13,20,23—25,30—33,35,36,39,42,44,46,48,50,54,55,57 The pooled
OR for NAFLD in patients with CD versus patients with UC was 1.16 (95% CI 0.93-1.44)

based on 20 studies, with moderate heterogeneity (2=63.9%; p<0.001) but no publication
bias (Egger’s test, p=0.65).5:6:13,23-25,30-33,35,36,39,42,44,46,48,54,55,57

Pooled prevalence of NAFLD in patients with IBD according to NAFLD severity

There were 11 studies reporting the prevalence of NAFLD in IBD patients according

to NAFLD severity.519.21,23,26,28,30,35,39,44.57 The pooled prevalence of mild-to-moderate
NAFLD was higher than severe NAFLD among patients with IBD (78.7% [% 95 CI 69.4—
88.1] versus 21.3% [% 95 CI 11.9-30.6]). In patients with CD, the pooled prevalence of
mild-to-moderate NAFLD was higher than severe NAFLD (69.7% [% 95 Cl 64.4-74.9]
versus 30.3% [% 95 CI 25.1-35.6]). Similarly, in patients with UC, a higher pooled
prevalence of mild-to-moderate NAFLD was observed compared with severe NAFLD
(75.9% [% 95 CI 68.4-83.5] versus 24.1% [% 95 CI 16.5-31.6]). The OR for severe
NAFLD in patients with CD versus those with UC was 1.92 (95% CI 0.84-4.38) based on
three studies, with moderate heterogeneity between the surveys (2=61.6%; p=0.074)

Pooled prevalence of NAFLD in patients with IBD according to sex

There were 15 studies that reported the prevalence of NAFLD according to
sex.>6,13.24,30,31,33,35,37-39,42,48,53,54 Qyeral|, the pooled prevalence was higher in men
with IBD (33.2%, 95% CI 25.5-40.9; 2=96.0%; p<0.001) compared with women (27.0%,
95% Cl 20.5-33.4; 2=93.3%; p<0.001) (Table 1). The aOR for NAFLD in men versus
women with IBD was 1.50 (95% CI 0.96-2.05) according to four studies,31:39:54.57 without
heterogeneity (/2=0.0%; p=0.856) (Figure 4a). Based on five studies on CD patients,

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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again, the pooled prevalence of NAFLD was higher in men (33.2%, 95% CI 16.5-50.0;
£=96.5%; p<0.001) than in women (29.7%, 95% CI 16.5-50.0; /2=88.6%:; p<0.001) (Table
1).30:33,37.38,53 The OR for NAFLD in men versus women with CD was 1.13 (95% CI 0.65-
1.95), with moderate heterogeneity (2=71.6%; p=0.007). Similarly, the pooled prevalence
was higher in men with UC (32.9%, 95% CI 0.0-70.1; 2=95.8%; p<0.001) compared with
women (20.1%, 95% CI 0.0-52.4; £2=95.9%; p<0.001) in two studies (Table 1).3933 The
OR in men versus women with UC was 1.97 (95% CI 1.06-3.67), with no heterogeneity
between the studies (/2=0.0%; p=0.499).

Pooled prevalence of NAFLD in patients with IBD according to diagnostic method of

NAFLD

For diagnosis of NAFLD in IBD patients, 35 studies used imaging

techniques with a pooled prevalence of 30.5% (95% CI 25.8-35.2; 2=97.7%:;
p<0.001),57:13,20,21,23,26-42,44,45,47-51,53-55,57.58 for studies used histopathology with a
pooled prevalence of 36.2% (95% CI 27.6-44.8; 2=77.0%; p=0.005),19.2543.56 two studies
used HSI with a pooled prevalence of 34.8% (95% CI 30.9-38.7; £2=0.0%; p=0.494),2446
two studies used either imaging or HSI with a pooled prevalence of 30.8% (95% CI 10.9-
50.6; £=95.5%; p<0.001,22:52 and one study used either imaging or histopathology with a
prevalence of 12.4% (95% CI 10.8-14.0).% The difference in the prevalence rates between
different diagnostic methods was significant (p<0.001). Prevalence of NAFLD in patients
with CD and UC according to diagnostic method of NAFLD was separately represented in
Table 1.

Pooled prevalence of NAFLD in patients with IBD according to disease activity

There were six studies that reported the prevalence of NAFLD according to IBD
activity.5:24:30.35.37.38 The criteria used to stratify the patients according to the disease
activity are summarised in Suppl Table 4. Overall, the pooled prevalence in subjects with
active disease (34.5%, 95% CI 18.8-50.2; 2=95.8%; p<0.001) was very close to that

in those with inactive disease (34.2%, 95% CI 27.2-41.2; 2=85.8%; p<0.001), and the
difference was not statistically significant (p=0.971) (Table 1). The OR for NAFLD in active
versus inactive disease was 0.95 (95% CI 0.51-1.78), with high heterogeneity (2=87.4%;
p<0.001).

Pooled prevalence of NAFLD in patients with IBD according to disease location, behavior

or extent

Five papers reported the prevalence of NAFLD in patients with CD according to disease
location, behavior, or extent.>:31:37:38.53 Concerning disease location in CD, the highest
pooled prevalence related to ileal (28.8%, 95% CI 19.1-38.5; £2=76.4%: p=0.002), followed
by upper gastrointestinal (23.7%, 95% Cl 10.2-37.2; £2=0.0%; p=0.983), ileocolonic
(23.0%, 95% CI 11.0-35.0; £2=93.2%; p<0.001), and colonic (18.4%, 95% CI 5.6-31.2;
£=84.3%; p<0.001), and the difference was not statistically significant (p=0.527) (Table

1). Regarding disease behavior in CD, the pooled prevalence was higher in penetrating
(32.0%, 95% CI 15.3-48.6; £2=85.5%; p<0.001) and stricturing (30.0%, 95% CI 20.6-39.4;
£=62.0%; p=0.048) compared with non-stricturing/non-penetrating (24.3%, 95% CI 6.4—
42.1; P=96.0%; p<0.001), and the difference was not significant (p=0.182) (Table 1). About

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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disease extent in UC, the pooled prevalence was highest in patients with extensive UC
(25.3%, 95% CI 9.8-40.7; 2=76.9%; p=0.038), followed by those with proctitis (21.5%,
95% CI 13.1-30.0; 2=50.1%; p=0.157), and left-side UC (14.9%, 95% CI 4.7-25.2;
P=64.3%; p=0.094), and the difference was not significant (p=0.467) (Table 1).

Factors associated with risk of NAFLD in patients with IBD

Analysis of five studies showed that increase in age is associated with an increased risk

of NAFLD in IBD patients (aOR 1.03, 95% CI 1.01-1.05),30:31.4042.51 wjth moderate
heterogeneity between the studies (12=67.1%; p=0.010) (Figure 4b). Also, a direct
association was found between BMI and odds of NAFLD in patients with IBD based on

five surveys (aOR 1.27, 95% CI 1.22-1.32),30:39.42,51,54 wjthout heterogeneity between

the studies (12=0.0%; p=0.949) (Figure 4c). There were four studies that evaluated the
association between diabetes and NAFLD in IBD patients using aORs; in this regard,
pooling the data showed that the aOR for NAFLD in diabetic compared with non-diabetic
subjects was 1.84 (95% CI 0.86-2.83), with no heterogeneity between the studies (/2=0.0%;
p=0.934) (Figure 4d). Regarding hypertension, analysis of three studies indicated that the
pooled aOR in hypertensive compared with non-hypertensive subjects was 1.15 (95% CI
0.25-2.06; 2=4.6%; p=0.370) (Figure 4e).”30:31 Based on two studies investigating the
association between dyslipidemia and NAFLD in IBD patients, the pooled aOR for NAFLD
in patients with dyslipidemia compared with those without was 2.00 (95% CI 0.00-4.48),
with no heterogeneity between the studies (/2=0.0%; p=0.880) (Figure 4f).3951 With respect
to history of surgery for IBD (bowel resection), analysis of four studies indicated that the
pooled aOR in patients with history of surgery compared with those without was 1.22 (95%
Cl 0.51-1.93; =18.9%; p=0.296) (Figure 4g).”:30:31.51 There were two studies investigating
the association between corticosteroids use and NAFLD in IBD patients;”-3! in this regard,
the pooled aOR in corticosteroids users compared with non-users was 1.49 (95% CI 0.00-
4.38), with moderate heterogeneity between the studies (2=60.7%; p=0.111) (Figure 4h).
About biologics use, analysis of three studies showed that the pooled aOR in biologics users
compared with non-users was 1.26 (95% CI 0.55-1.98), with no heterogeneity between

the studies (2=0.0%; p=0.610) (Figure 4i). Finally, regarding immunomodulators use,
analysis of four studies indicated that the pooled aOR in immunomodulators users compared
with non-users was 1.18 (95% CI 0.30-2.06), with no heterogeneity between the studies
(P=0.0%; p=0.815) (Figure 4;).

Prevalence of advanced liver fibrosis in IBD patients with NAFLD

A total of six studies reported the prevalence of advanced liver fibrosis in 1,012 IBD
patients with NAFLD.6:24.37.39.43.45 The overall pooled prevalence was 13.6% (95% ClI
7.6-19.7; P=89.7%; p<0.001) (Figure 5). Out of six studies, two used invasive method
(histopathology) for diagnosis of liver fibrosis with a pooled prevalence of 14.8% (95% ClI
9.75-19.9; =48.4%; p=0.164),3943 and four studies used non-invasive diagnostic methods
(three used Fibrosis-4 index, and one used NAFLD fibrosis score) with a pooled prevalence
of 13.1% (95% CI 4.2-21.9; 2=92.3%; p<0.001).6:24.37.45

Aliment Pharmacol Ther. Author manuscript; available in PMC 2023 April 01.
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DISCUSSION

In this study, we systematically reviewed the available evidence on the prevalence of
NAFLD in patients with IBD. We also attempted to investigate the potential association
between 10 proposed factors with the risk of NAFLD in IBD patients. In this regard,

we found 44 eligible studies out of thousands references. Our final analyses showed that
the prevalence of NAFLD in patients with IBD was nearly 31% worldwide, which varies
between different regions. The pooled prevalence estimate was highest in studies published
during 2017-2021, and lowest in papers published during 2003-2010, but the difference
was not statistically significant. Most of the studies (n=35) used imaging methods for
diagnosis of NAFLD, with a pooled prevalence of about 31%. The overall prevalence of
NAFLD was non-significantly higher in CD compared with UC (34% versus 28%). It was
found that the risk of NAFLD is almost twice in patients with IBD versus healthy subjects.
The prevalence of mild-to-moderate NAFLD was higher than severe NAFLD among IBD
patients in all analyses. In patients with CD, the highest pooled prevalence of NAFLD
pertained to penetrating pattern and ileal location disease. In patients with UC, extensive
disease had the highest pooled prevalence of NAFLD. The prevalence of advanced liver
fibrosis was approximately 14% in IBD patients with NAFLD.

According to the results of this study, although men with IBD had a higher prevalence

of NAFLD compared with women with IBD, the pooled aOR was not statistically
significant. Also, no significant difference was found between active and inactive disease
in the prevalence of NAFLD. Among other potential factors, such as age, BMI, diabetes,
hypertension, dyslipidemia, and prior surgery (bowel resection), only age and BMI

were statistically significantly associated with increased risk of NAFLD in patients

with IBD. Moreover, among the medications, such as corticosteroids, biologics, and
immunomodulators, none of them was identified as significant risk factor for NAFLD in
IBD patients.

For the current systematic review and meta-analysis, we attempted to perform a
comprehensive systematic search of the literature in different databases with several
keywords. We also carried out a recursive search using the bibliographies of the relevant
articles. Eligibility assessment of the retrieved papers, and data extraction from the eligible
studies, were done by two independent reviewers with consensus for discrepancies. The
risk of bias assessment was performed for all studies. A random-effects model was used
for pooling the obtained data in order to give more conservative estimates. Finally, we
conducted extensive subgroup analyses to reduce the impact of heterogeneity on the study
outcomes.

To the best of our knowledge, the present study is the first systematic review and meta-
analysis that has comprehensively attempted to assess the prevalence of, and risk factors for,
NAFLD in patients with IBD. There are a few meta-analyses previously published about
this subject.8 In comparison with the most recent systematic review by Lin et al.,%° our
study used more databases for primary search and included a greater number of studies

(44 vs 27 studies) with larger total sample size (14,947 versus 7,640 subjects). Also, we
conducted more subgroup analyses and provided more informative results, especially about
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the risk factors; for example, Lin et al.>® assessed only five risk factors, whereas we explored
10 potential risk factors with aORs. However, there are a few similarities between the two
studies; for example, the overall prevalence of NAFLD among IBD patients was estimated
very closely in both studies.>®

As mentioned earlier, there was a variation between geographic regions in the prevalence
of NAFLD in patients with IBD, that is, the prevalence was higher in developed
countries compared with developing countries. A possible explanation could be related
to the higher prevalence of metabolic conditions in western communities than developing
communities.5%.61 Of course, it is noteworthy that the number of papers included in the
present study from developed countries was much greater than those from developing
countries, and therefore, the results should be compared and interpreted with caution.

Our meta-analysis indicated no statistically significant difference in the odds of NAFLD
between men and women with IBD, despite a higher prevalence of NAFLD seen in men
than in women. Sex differences in NAFLD has been debatable in the literature. It has
been stated that the prevalence of NAFLD in men is higher than in women in the younger
ages; however, in the older ages (esp., after menopause), the prevalence would be higher
in women, proposing a protective role for estrogen. Overall, the differences in the NAFLD
occurrence between men and women could be attributed to differences in sex hormones,
genetic factors, socio-cultural factors, and metabolic conditions.62:63

Analyses of the present study demonstrated notable results on the association between
prevalence of NAFLD and medical history of the patients with IBD. In this regard, we found
that diabetes, hypertension, dyslipidemia, and prior surgery for IBD (bowel resection) had
non-significant associations with increased risk of NAFLD in IBD patients. The lack of
significance was mainly due to small number of studies, leading to wide and overlapped
95% Cls. On the other hand, BMI was found to be directly associated with risk of NAFLD
in patients with IBD. It seems that metabolic determinants are potentially associated with
development of NAFLD in IBD patients. Of course, this association is seen among general
population too;54 therefore, it might not be a specific finding among patients with IBD,
especially that we found no studies comparing the development of NAFLD in IBD patients
with metabolic conditions versus non-IBD controls with metabolic conditions. However, it is
recommended to consider these comorbidities more carefully in clinical practice in order to
prevent high-risk IBD patients from further outcomes.

There are inconsistent reports on the steatotic effect of drugs used for treatment of IBD on
liver according to the literature.5>66 Among three therapeutic agent groups we evaluated
(i.e., corticosteroids, biologics, and immunomodulators), none of them was statistically
significantly associated with the risk of NAFLD in patients with IBD. Immunomodulators,
such as methotrexate, azathioprine, and mercaptopurine, modify the overly immune response
through decreasing the inflammation. It has been stated that patients under treatment of
immunomodulators, especially methotrexate, may develop liver enzyme elevations, followed
by hepatic fibrosis or cirrhosis with uncommon frequency.56 However, the hepatotoxicity
mechanism of immunomodulators is still unclear.13 Recently, it has been observed in

an experimental environment that methotrexate inhibits the mitochondrial nicotinamide
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adenine dinucleotide kinase in the hepatocytes and reduces the hepatocyte nicotinamide
adenine dinucleotide phosphate levels, leading to accumulation of the triglyceride in the
hepatocytes.5” A similar effect is declared for corticosteroids too, that is, lipogenesis and
steatosis may be induced by corticosteroids in hepatocytes by various pathways.%6 On

the contrary, tumor necrosis factor (TNF)-alpha inhibitors, which are subset of biologic
agents, have been reported to possibly prevent hepatic steatosis and steatohepatitis,
mainly on the basis of in-vivo data.66.68 It has been reported that IBD patients with
NAFLD under immunosuppressive treatment seem to be at a higher risk of hepatotoxicity;
therefore, it might be better to avoid medications associated with hepatic steatosis (namely
immunomodulators) in these patients.1® Altogether, the information on human studies is
limited and new prospective trials should be designed to elucidate the role of the above-
mentioned therapeutic drugs on the development of NAFLD in the patients with IBD.

Due to lack of available sources, we could not explicitly clarify whether the higher
prevalence of NAFLD among IBD patients versus healthy controls relates to inner

biologic mechanisms (such as systemic inflammation), another possible concurrent immune-
mediated inflammatory disease, or factors specifically observed in IBD patients (e.g., drugs);
therefore, new experimental and clinical studies should be carried out to reply these queries.

This study faced some limitations. First, high heterogeneity was seen between the studies

in majority of the analyses, which was not explained in most of the subgroup analyses. It

is not unexpected to observe substantial heterogeneities in the prevalence meta-analyses.5°
Second, no available data exist from many countries around the world. According to the
WHO regions, no eligible studies were found from the African region, and only one

study was identified from the Eastern Mediterranean region. On the other hand, most of

the included studies were from the European region and region of the Americans. This
difference could be partly explained by that funding sources for research are more limited in
many developing countries compared with developed countries, and hence, investigation of
the NAFLD among patients with IBD as a research plan would be probably more difficult.
Third, rather than looking at active versus inactive IBD, it would be more relevant to look
at the disease pattern, i.e., chronic active versus relapsing-remitting, since ongoing systemic
inflammation might contribute to metabolic syndrome, insulin resistance, and consequently
NAFLD; however, we did not find extractable data in the studies about this subject, and
therefore, we tried to assess the active phase versus remission phase. Fourth, a wide 95% Cl
was observed for several estimates, mainly owing to the small sample sizes included in those
analyses.

In conclusion, the results of this systematic review and meta-analysis indicated that about
one-third of the patients with IBD experienced NAFLD worldwide, with a prevalence of
34% in CD and 28% in UC. The prevalence varied across different countries and geographic
regions. No significant difference was found between active and inactive disease in the
NAFLD prevalence. The risk of NAFLD was two times higher in IBD patients versus
healthy controls. Older age and higher BMI were potentially linked with increased risk of
NAFLD in patients with IBD. Also, approximately one in seven IBD patients with NAFLD
had advanced liver fibrosis. More studies are needed to be carried out on the epidemiology
of NAFLD in IBD patients, especially in African and Asian countries, in order to reach more
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informative findings on the association between the two diseases. These results would be
useful for further healthcare planning, and underline the importance of carefully screening
and management of NAFLD in IBD patients by gastroenterologists in order to prevent the
complications.
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Figure2.

Prevalence (%) Weight
Study with 95% ClI (%)
Almohannadi, 2020 11.8[ 9.8, 14.1] 240
Andrade, 2016 —— 24.1[13.5, 37.6] 2.07
Arias Loste, 2020 ] 44.0[40.5, 47.6] 2.38
Balaban, 2017 —i— 37.1[25.1, 49.1] 2.04
Bargiggia, 2003 E 3 38.0[33.8, 42.2] 2.36
Bessissow, 2016 E = 33.6[28.4, 38.8] 2.33
Bosch, 2017 —— 36.6[26.8, 47.2] 2.15
Carrillo-Palau, 2021 —— 46.3[37.9, 54.7] 2.22
Chhina, 2014 9.7[ 81, 11.3] 2.41
Chicco, 2021 —— 40.8[32.7, 49.4] 2.23
De Boer, 2008 —— 36.1[25.8, 46.4] 2.12
Demir, 2020 E 3 31.9[28.0, 35.8] 2.37
Di Girolamo, 2013 16.2[13.6, 18.8] 2.39
Domislovic, 2019 - 36.4[30.4, 42.4] 2.31
Dundulis, 2014 —— 41.4[29.9, 52.9] 2.06
Erzin, 2015 E o 36.2[30.5, 41.9] 2.32
Glassner, 2017 13.3[10.1, 16.5] 2.38
Hoffmann, 2020 E & 46.8 [42.2, 51.5] 2.35
Kang, 2020 1.1 8.2, 14.0] 2.39
Kani, 2019 —— 44.4[34.6, 54.2] 2.15
Lee, 2019 —- 28.0[21.2, 34.8] 2.28
Li, 2017 10.7[ 6.5, 14.9] 2.36
Likhitsup, 2019 (A) —— 44.3[32.7, 55.9] 2.06
Likhitsup, 2019 (B) —— 53.8[42.9, 64.7] 2.10
Magri, 2019 40.4[33.2, 48.0] 2.26
Mancina, 2020 —l—71.6[62.5, 80.7] 2.18
McHenry, 2020 E = 37.9[32.5, 43.6] 2.33
Mehrotra, 2018 —- 18.0 [11.3, 24.7] 229
Navaneethan, 2009 —— 154 6.6, 24.2] 2.20
Peixoto, 2017 —— 37.1[25.1, 49.1] 2.04
Principi, 2018 L 3 28.0[23.9, 32.3] 2.36
Quang Le, 2014 - 40.9[34.6, 47.6] 2.30
Restellini, 2017 E 39.5[34.4, 44.9] 2.34
Ritaccio, 2021 12.4[10.8, 14.1] 2.41
Sagami, 2017 g 3 21.8[17.2, 26.4] 2.35
Saroli Palumbo, 2019 E & 32.8[28.1, 37.8] 235
Schréder, 2015 - 28.2[22.7, 33.7) 2.33
Scrivo, 2020 - 20.7[15.2, 26.2] 2.32
Silva, 2019 6.9[ 41, 9.7] 239
Simon, 2018 E 3 52.4[47.8, 57.0] 235
Sourianarayanane, 2013 8.2[ 6.4, 10.0] 240
Tirath, 2019 —— 42.0[32.2, 52.3] 2.14
Yamamoto-Furusho, 2010 11.3[ 5.3, 20.3] 228
Yen, 2021 — 29.6[20.0, 40.8] 2.14
Overall ‘ 30.7 [26.5, 34.9]
Heterogeneity: I’ =97.7%
20 40 60 80

Random-effects model

Page 17

Forest plot of the pooled prevalence of non-alcoholic fatty liver disease in patients with
inflammatory bowel disease
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Figure 3.
Prevalence of non-alcoholic fatty liver disease in patients with inflammatory bowel disease

worldwide
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Figure 4.

Factors potentially associated with risk of non-alcoholic fatty liver disease in patients with

inflammatory bowel disease
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Figure5.

Forest plot of the pooled prevalence of advanced liver fibrosis in inflammatory bowel

disease patients with non-alcoholic fatty liver disease
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