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Abstract. – OBJECTIVE: Non-Alcoholic Fat-
ty Liver Disease (NAFLD), as a hepatic mani-
festation of metabolic syndrome (MET)-related 
obesity, insulin resistance, dyslipidemia, and 
hypertension, is the main cause of chronic liv-
er disease. Inflammatory Bowel Diseases (IBD), 
(Crohn’s Disease (CD) and Ulcerative Colitis 
(UC)), are often associated with extraintestinal 
manifestations. Of these, NAFLD is one of the 
most frequently reported. To highlight the etio-
pathogenesis of NAFLD in IBD, we performed a 
systematic review emphasizing the relationship 
between NAFLD genetic alterations, metabolic 
syndrome, and drugs.

MATERIALS AND METHODS: According to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Statement (PRIS-
MA) criteria, we performed a systematic liter-
ature search on PubMed, Google Scholar, and 
Web of Science for literature updated from 2010 
to 1 March 2021. Inclusion criteria for stud-
ies were observational design and Randomized 
Controlled Trials (RCTs); written in English; pri-
mary research only; based on adult patients, 
and human research only.

RESULTS: We identified nine studies on the 
link between NAFLD and IBD. Among these, two 
described the genetic predisposition to NAFLD 
of patients with IBD. Four reported an associa-
tion between MetS and NAFLD in IBD patients. 
Regarding medications, none of four studies in-
cluded, detected a relationship between NAFLD 
onset and IBD treatment (corticosteroids, im-
munomodulators, methotrexate, or biologics).  
However, a retrospective study showed a pro-
tective effect of anti-TNF alpha therapies against 
altered liver enzymes.

CONCLUSIONS: In this interplay between ge-
netic, metabolic, drug, and inflammatory fac-
tors, the underlying pathogenic mechanisms be-
hind NAFLD in IBD are still far from clear. Fur-
ther studies are needed to better clarify the role 
of individual components influencing the devel-
opment of NAFLD in IBD.

Key Words:
Inflammatory bowel disease, Non-alcoholic fatty 

liver disease, Metabolic syndrome, Transient elastogra-
phy, Controlled attenuation parameter, Liver stiffness, 
Anti-tumor necrosis factor alpha, Gut microbiota.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is 
a spectrum of conditions ranging from simple 
liver fat accumulation to inflammation, fibrosis, 
and, ultimately, cirrhosis and liver cancer1. The 
progression of NAFLD from simple steatosis to 
more severe conditions is strongly influenced by 
genetic heritability2-4. 

NAFLD is the hepatic manifestation of met-
abolic syndrome (MET)-related obesity, insulin 
resistance, dyslipidemia, and hypertension. Addi-
tionally, with a prevalence of 10 to 46%, NAFLD 
represents the main cause of chronic liver disease 
in Western countries5-9. Such variability in the 
prevalence of NALFD is due to the different clin-
ical and instrumental methodologies used for its 
diagnosis10,11.

Inflammatory Bowel Diseases (IBD) encom-
pass Ulcerative Colitis (UC) and Crohn’s Disease 
(CD) which are two chronic inflammatory dis-
orders involving the gastrointestinal (GI) tract. 
These disorders are characterized by an unregu-
lated and abnormal immune response induced by 
environmental stimuli in genetically predisposed 
subjects12.

CD and UC are often associated with extrain-
testinal clinical manifestations involving joints, 
skin, eyes, liver, and biliary tract13. NAFLD rep-
resents one of the most frequently described 
IBD-related liver diseases. Indeed, the link be-
tween NAFLD and IBD has been suggested 
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by epidemiological studies14-16, with the rate of 
NAFLD ranging between 6.2 and 40% in patients 
with CD and UC. Using transient elastography, 
NAFLD prevalence is determined to be 71% in 
IBD patients. This broad variability is due to 
different diagnostic methodologies. Importantly, 
hospitalized patients affected by IBD, and chron-
ic liver disease have a two-fold greater mortality 
risk than those affected by IBD only. 

The pathogenesis of NAFLD in IBD involves 
intestinal disorders with specific risk factors such 
as chronic inflammation, pharmacological thera-
pies, prolonged exposure to steroids, and intesti-
nal dysbiosis17. Furthermore, currently observed 
changes in intestinal disease shape, better ther-
apeutic options, and better nutritional conditions 
for patients may lead to a higher risk of de-
veloping NAFLD18. Additionally, NAFLD onset 
and progression is strongly influenced by genetic 
factors. However, the role of genetic factors in the 
etiology of NAFLD in patients with IBD has been 
poorly investigated so far.

To highlight the etiopathogenesis of NAFLD 
in IBD, we performed this systematic review em-
phasizing the relationship between NAFLD and 
(1) genetic alterations, (2) Metabolic Syndrome, 
and (3) drugs.

Materials and Methods

According to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses State-
ment (PRISMA) criteria19, we performed a sys-
tematic literature search on PubMed, Google 
Scholar, and Web of Science for literature updat-
ed from 2010 to 1 March 2021. A combination of 
the following keywords has been used: “liver ste-
atosis” OR “NAFLD” AND “Inflammatory bow-
el disease” OR “Crohn disease” OR “Ulcerative 
Colitis”, as shown in Supplementary File. The 
inclusion criteria required that studies were: (1) 
quantitative observational studies and RCTs; (2) 
dated between 2010 and 2021; (3) written in En-
glish; (4) primary research only; (5) IBD patients, 
including UC and CD; (6) NAFLD patients; (7) 
adult population (aged ≥18 years); and (8) human 
research only. The study selection process com-
prised three steps. Step 1 consisted of the iden-
tification of the studies from a database search, 
as described above. Screening of the records was 
performed in step 2. Full-text papers were evalu-
ated in step 3. The Critical Appraisal Skills Pro-
gramme (CASP) tools (i.e., Cohort Checklist and 

Case-Control Checklist; 31.05.2013 version) were 
used to assess the quality of the included studies. 
Questions 1-6 relate to the internal validity of 
the studies, questions 7-8 relate to the validity of 
the results, and questions 9-11 relate to the ex-
ternal validity of the study. Disagreements were 
resolved by discussion, either between group 
partners or in consultation with the whole group.

Results

The flow diagram of the systematic research 
is shown in Figure 1. Of the 15 titles originally 
identified, two studies have been excluded be-
cause secondary (1 meta-analysis and 1 review), 
4 because performed on animal models. Nine 
studies were included in our review. Data includ-
ing the authors, title, country, year of publication, 
patients, aim, design, and results are summarized 
in Table I.

Quality Assessment
A quality assessment was conducted according 

to CASP-2013 for all the included studies, and the 
results are shown in Supplementary Tables I, 
II. All included studies – i.e., cross-sectional and 
cohort studies, and retrospective studies –  were 
considered of good quality, based on them having 
an affirmative answer in at least 9 out of 13 and 
8 out of 9 responses, respectively. No cohort and 
cross-sectional studies satisfied all 13 questions 
of the CASP appraisal tool. Of the eight cohort 
and cross-sectional studies, five scored 11 out of 
13, one scored 10 out of 13, and one scored 9 out 
of 13. The only case–control study scored 8 out 
of 9, reporting good quality.

Genetics and NAFLD in IBD
The progression of NAFLD from simple ste-

atosis towards more severe conditions has a 
strong genetic component20. Despite this, few 
studies investigated the role of genetic variants 
in the pathogenesis of NAFLD in IBD patients 
(Table I).

The most robustly associated and widely val-
idated genetic determinants of NAFLD is the 
rs738409 variant on the patatin-like phospholi-
pase domain-containing 3 (PNPLA3) gene2. The 
PNPLA3 protein is a highly expressed lipase in 
the human liver21,22. The target variant, encoding 
for an isoleucine to methionine substitution at 
position 148 (I148M), results in a loss of function 
of the protein activity23. In 2016, in patients with 
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IBD, this variant was found to be associated with 
a higher risk of hepatic steatosis, higher liver fat 
content measured as a controlled attenuation pa-
rameter, and increased circulating alanine trans-
aminase. The conclusion of this study was that 
patients with IBD carrying the PNPLA3 variant 
had a higher risk of liver disease progression15.

In previous genome-wide association (GWA) 
studies, variants in two genes have been asso-
ciated with increased susceptibility to CD: the 
autophagy-related 16-like 1 (ATG16L1), and the 
immunity-related GTPase M (IRGM) gene23,24. 
The latter gene has also been associated with in-
creased accumulations of visceral adipose tissue 
(VAT) and hepatic fat content25. Additionally, in 
2018, a cross-sectional study from Simon et al26 
assessed the relationship between IRGM gene 
variants, VAT, and the risk of NAFLD in patients 
with CD. In this study, hepatic fat was quantified 
by computed tomography (CT), and NAFLD se-
verity was examined both via the FIB-4 index 
and ALT levels. They found that VAT volume 
was associated with an increased risk of NAFLD 
and with higher markers of NAFLD severity. 
This association was further enhanced by vari-
ants in the IRGM gene.

Metabolic Syndrome and NAFLD in IBD
Currently, data on the association between 

NAFLD and metabolic syndrome (MetS) in the 
IBD setting are discordant (Table I).

Some authors have highlighted a close relation-
ship between MetS and NAFLD in IBD.

In a prospective study comparing a group of 
NAFLD patients with (n. 465) and without IBD 
(n. 189), the authors reported that in patients with 
IBD, NAFLD (measured by ultrasound evalua-
tion) was independently associated with MetS, 
diabetes, fasting blood glucose, and abdominal 
circumference16 (Table I).

Consistently, in 2017, a retrospective study of 
patients with IBD and NAFLD showed that the 
severity of NAFLD in both UC and CD patients 
was associated with the presence of MetS, but not 
with the severity of IBD. Specifically, both UC 
and CD patients with MetS had a higher NAFLD 
Fibrosis Score (NFS) than those without MetS27 

(Table I). The same results were obtained in an 
independent Italian study in 2020 in which the 
presence and severity of NAFLD were evaluated 
via both ultrasound and Transient Elastography 
(TE). In this study, the authors reported that NA-
FLD was associated both with MetS and obesity28 
(Table I).

Furthermore, in 2019, a study on 384 IBD 
patients reported older age, higher body mass 
index (BMI), and higher triglyceride levels as 
independent predictors of NAFLD. These pa-
rameters are specific and well-recognized MetS 
indicators29.

Additionally, in a nested case-controlled 
study30 conducted on 217 patients with IBD, NA-
FLD measured by US, CT, or MRI occurred in 
8.2% of patients. These patients with NAFLD 
were older, had a later onset of disease and pre-
vious intestinal surgery compared to those with 

Figure 1. Study Flow Diagram.
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Table I. Characteristic and results of included studies.

	 Publication		  Study	 Study	 NAFLD
	 (year)	 Country	 sample	 design	 assessment	 Results

Sartini et al	 Italy	 223 NAFLD	 Retrospective	 Liver US	 MetS: IBD+ vs. IBD- (56.6 vs. 23.1%, p < 0.001).
(2018)31			   pts: 78 IBD+;		  Associations with NAFLD: ≥ 1 IBD relapse/year
			   145 IBD-		  (OR 17.3, 95% CI 3.6–84, p < 0.001), IBD surgery
					     (OR 15.1, 95% CI 3.1-73.7, p = 0.001) more
					     extensive intestinal involvement (OR 19.4, 95%
					     CI 3.4-110.9 p = 0.001). anti-TNFα independent
					     factor protecting towards altered liver enzymes
					     (OR 0.15, 95% CI 0-0.8, p = 0.02)

Principi et al	 Italy	 465 IBD+ pts;	 Prospective	 Liver US	 NAFLD in IBD: MetS (OR = 2.24, 95% CI
(2018)16		  189 IBD-pts			   1.77-28.81, p = 0.04), diabetes (OR = 1.71, 95% CI 
					     1.43-12.25 p = 0.006), GGT levels (OR = 2.77, 
					     95% CI 1.82-8.64, p = 0.007), FBG (OR = 1.36, 
					     95% CI 1.13-1.68, p = 0.03), abdominal 
					     circumference (OR = 1.68, 95% CI 1.15-14.52, 
					     p = 0.007). No association between IBD treatment
					     and NAFLD. (p > 0.05)

Carr et al	 USA	 84 IBD + 	 Retrospective	 NFS	 NFS scores MetS+ vs. NFS scores MetS- (UC
(2017)27 		  NAFLD + 			   -0.4 vs. -2.5, p = 0.02; CD -0.8 vs. 2.3, p = 0.03).
		  Pts.			   No association between IBD treatment and severity 
					     of NAFLD. (p > 0.05)

Glassner et al	 USA	 168 Pts:  	 Retrospective	 Liver US,	 IBD+ NAFLD+ vs. IBD+ NAFLD-: longer disease
(2017)32 		  56 IBD + 		  CT, MRI	 duration (20 ± 12.2 vs. 10 ± 7.7 p = 0.004); diabetes
		  NAFLD +;			   (16% vs. 2%, OR = 10.2, 95% CI 1.2-47.2, p = 0.01),
		  56 IBD +;			   obesity (40% vs. 20%, OR 2.2, 95% CI 1.4-6.2,
		  56 NAFLD +			   p = 0.02).  NAFLD+ IBD- vs. NAFLD+ IBD+: 
					     obesity (59% vs. 40%, OR 2.2, 95% CI 1.0-4.5, 
					     p = 0.03), hypertension (55% vs. 33%, OR 2.5, 95%
					     CI 1.1–5.4, p = 0.02), hyperlipidemia (53% vs. 17.5%,
					     OR 6.7, 95% CI 2.8-16.2, p = 0.0001), diabetes 
					     (40%/16%, OR 3.5, 95% CI 1.3-9.1, p = 0.0001). 
					     No association between IBD treatment and NAFLD

Magrì et al	 Italy	 178 IBD Pts: 	 Prospective	 Liver US	 NAFLD associated with MetS (OR: 4.13, 95% 
(2019)28 		  72 NAFLD+;			   CI 1.85-9.24, p = 0.001), obesity (OR 9.21, 95%
		  106 NAFLD-			   CI 3.06-27.70). LF associated with MetS (OR: 
					     3.40, 95% CI 1.26-9.20 p = 0.01).

Sourian	 USA	 217 IBD+ pts: 	 Retrospective	 Liver US,	 NAFLD associated with hypertension (OR = 3.5, 
Arayanane	  	 76 NAFLD+; 		  CT, MRI	 95% CI 1.5-8.1), obesity (OR = 2.1, 95% CI 1.05-4.0),
et al (2013)30 		  141 NAFLD-			   small bowel surgery (OR = 3.7, 95% CI 1.5-9.3).

Saroli Palumbo	 Canada	 384 IBD Pts: 	 Prospective	 LE, CAP	 Predictors of NAFLD: older age (aOR 1.45, 95%
et al (2019)29 		  126 NAFLD+, 			   CI 1.15-1.82); higher BMI (aOR = 1.31, 95% CI
		  258 NAFLD-			   1.20-1.42); higher triglycerides (aOR = 1.45, 95% 
					     CI 1.01-2.09). No association between IBD 
					     treatment and NAFLD.

Mancina et al	 Italy	 158 IBD Pts.	 Prospective;	 Liver US; 	 IBD with PNPLA3 148M allele: hepatic steatosis
(2016)15 				    CAP	 (OR 2.9, 95% CI 1.1-7-8), higher CAP values 
					     (p = 0.029), increased ALT (p = 0.035)

Simon et al	 USA	 462 CD Pts.	 Cross-sectional	 CT	 Relationship between VAT and NAFLD was
(2018)26					     modified by IRGM variants rs4958847 (GA or AA) 
					     (aOR: 1.44, 95% CI 0.87-2.36, p = 0.005) and
					     rs13361189 (TC or CC) (aOR: 1.57, 95% CI 1.11-2-23,
					     p < 0.001)

Abbreviations: aHR, Adjusted Hazard-Ratio; aOR, Adjusted Odds-Ratio; BMI, Body-Mass Index; CAP, Controlled Attenuation 
Parameter; CD, Crohn’s Disease; CT, Computed Tomography; HSI, Hepatic Steatosis Index; FBG, Fasting Blood Glucose; 
FIB-4, Fibrosis-4; IBD, Inflammatory Bowel Disease; LE, Liver Elastography; MetS, Metabolic Syndrome; MRI, Magnetic 
Resonance Imaging; NAFLD, Non-Alcoholic Fatty Liver Disease; NFS, NAFLD Fibrosis Score; TNF-α, Tumor Necrosis 
Factor-α; UC, Ulcerative Colitis; US, Ultrasonography.
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IBD alone. In this study, the use of steroids was 
associated with NAFLD development, while an-
ti-TNF drugs showed a protective effect.

Interestingly, patients with IBD developed 
NAFLD with lower metabolic factors than those 
without IBD.

On the contrary, a more recent study per-
formed on NAFLD patients with and without 
IBD showed that those with IBD were less likely 
to have impaired transaminases, a smaller waist 
circumference, and a lower BMI. In this study, 
MetS had a higher prevalence in NAFLD patients 
without IBD31(Table I).

A retrospective study performed in 2017 ex-
amined a total of 168 individuals divided into 3 
groups (56 individuals per group): 1) IBD + NA-
FLD, 2) IBD only, 3) NAFLD only32. 

Patients from the “NAFLD only” group had 
an increased prevalence of obesity, hyperten-
sion, hyperlipidemia, and diabetes compared to 
the “NAFLD+IBD” group. Additionally, patients 
from the “NAFLD+IBD” group showed an onset 
of NAFLD with less metabolic parameters than 
patients with NAFLD only, highlighting the pos-
sible involvement of other factors in the patho-
genesis of NAFLD in the IBD population.

IBD Drugs and NAFLD
The role of medical treatments including glu-

cocorticoids, immunomodulators, and tumor 
necrosis factor-α inhibitors in the pathogenesis 
of NAFLD in IBD remains unclear (Table I). 
Glucocorticoids and immunomodulators may in-
crease the risk of NAFLD progression because of 
their effect on metabolic parameters and inherent 
hepatotoxicity. Conversely, further data suggest 
a potential role of biological treatments used in 
maintenance and remission therapies33, such as 
TNF-α inhibitors, as protective factors against 
NAFLD in IBD patients.

So far, no association between the use of IBD 
medications and the prevalence of NAFLD has 
been highlighted. A recent meta-analysis per-
formed on 1610 IBD patients from seven obser-
vational studies (five cross-sectional32,34-37, one 
case-control30 and one retrospective38) failed to 
show an association between the use of IBD 
medications and NAFLD. In this study, NA-
FLD pooled ratios in patients using biological 
agents, immunomodulators, methotrexate, and 
steroids were 0.85 (95% CI: 0.49-1.46, p=0.55), 
1.19 (95% CI: 0.70-2.01, p=0.52), 3.62 (95% CI: 
0.48-27.39, p=0.21), and 1.24 (95% CI: 0.85-1.82, 

p=0.27), suggesting a complex and multifactorial 
relationship between IBD and the development 
of NAFLD that is probably not associated with 
treatments.

After 2018, other studies, already mentioned 
in the previous section, were performed in this 
context with similar results. More specifically, 
Magri’ et al28, using ultrasound to define NA-
FLD, reported no associations between NAFLD 
and the use of steroids (Table I). Similar results 
were obtained by Saroli Palumbo et al29 using TE 
to define NAFLD. A single retrospective study 
showed that anti-TNFα would have a protective 
role in the progression of NAFLD in IBD pa-
tients, suggesting that this treatment is an inde-
pendent protective factor against the presence of 
altered liver enzymes31.

Discussion

The prevalence of NAFLD in the Western 
population is increasing. Given the shared char-
acteristics between NAFLD and IBD, such as 
chronic relapsing inflammation and immune ac-
tivation, hepatotoxic drugs, surgery, and paren-
teral nutrition, patients with IBD are potentially 
more susceptible to NAFLD28. In this systematic 
review, we sought to clarify the main pathogenic 
hypotheses for NAFLD in IBD patients.

Genetic studies suggest a close and articulated 
correlation between metabolic factors, IBD, and 
NAFLD, with reciprocal interplay. Notably, there 
are evidence suggesting that IRGM gene which 
mediates autophagy is involved in the pathoge-
netic mechanisms of both Crohn’s disease and 
NAFLD.

An appealing pathogenic hypothesis is related 
to the very complex relationship between MetS 
and NAFLD in IBD. Some of the studies exam-
ined in the present review, identified the same 
metabolic risk factors in IBD patients as in the 
general population using different methodologies. 
Improvements in treatment for IBD have led to a 
change in this scenario. Indeed, weight loss and 
malnutrition are characteristics of IBD patients 
during flare-up periods. Instead, a normal or even 
higher BMI is currently related to a stable course 
of disease with longer remission periods39. We 
are, therefore, witnessing the potential negative 
effects of weight gain or obesity on the long-term 
general health of IBD patients18.

On the other hand, other authors suggest a 
more prominent role of factors related to inflam-
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matory bowel disease, such as a longer duration 
of disease, later onset, previous bowel surgery, 
and steroid use as pathogenic hypotheses for 
NALFD in IBD patients.

So far, no treatment used in IBD has been 
associated with higher rates of NAFLD. Howev-
er, there are some methodological limits in the 
metanalysis examined, such as the lack of con-
sideration for dosage, duration, and cumulative 
exposure to medication.

To the best of our knowledge, in preclinical 
mouse models40-42 and only in the clinical study 
from Sartini et al31, there is evidence of a protec-
tive role of anti-TNF alpha inhibitors (infliximab 
and adalimumab). However, to date, there are no 
well-conducted prospective studies on this topic.

In this interplay between genetic, metabolic, 
inflammatory, and drug factors, the existing re-
lationship and the underlying pathogenic mech-
anisms that could recognize the gut microbiota 
as a key link remain unclear. Indeed, the role of 
intestinal dysbiosis in IBD pathogenesis is well 
recognized43. In addition, many studies have fo-
cused on changes in the gut microbiota in obesity, 
NAFLD, and MetS patients, also determining 
the presence of specific phyla in the composition 
of the microbiota of such patients44-46. No stud-
ies investigated the role of microbiota in IBD 
patients with NAFLD so far. Therefore, it can 
be speculated, as in our previous study47, that 
the increased fat and liver inflammation in IBD 
patients is the result of exposure to numerous 
inflammatory cytokines, bacterial products, and 
hepatotoxic catabolites coming through the portal 
system from the compromised intestinal mucosal 
integrity and permeability, and the altered gut 
microbiota composition. This is in line with the 
concept of the gut–liver axis, in which the gut 
microbiota plays a strong mediating role. To 
our current knowledge, a disrupted gut mucosal 
barrier may allow gut-derived microbial factors 
and metabolites to reach the liver and induce 
pathological modifications, including inflamma-
tion and fibrosis and stimulating the pathological 
processes of chronic liver diseases. However, 
this may not be the sole culprit. Animal model 
studies suggest that a functional barrier is present 
in the liver itself, made by liver sinusoidal endo-
thelial cells (LSECs)48. In animal models, intact 
and well-functioning LSECs contribute to the 
elimination of Gram-negative lipopolysaccharide 
(LPS) from the bloodstream, acting as scavengers 
to avoid or reduce sepsis-related inflammation49. 
In contrast, in other mouse models of liver diseas-

es, LSEC disruption promotes the activation of 
Kupffer cells and Hepatic Stellate Cells (HSCs), 
leading to liver injury50. Further molecular and 
prospective clinical studies are needed to confirm 
these hypotheses.

Conclusions

The data available so far still show poor and 
controversial results regarding the pathogenesis 
of NAFLD in patients with IBD. Clarification of 
the coexistence of these two disorders and their 
pathogenic interconnection should be pursued in 
order to better define potential therapeutic op-
tions in a tailored way. Further studies are needed 
to better clarify the role of individual components 
influencing the development of NAFLD in IBD.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Beaton MD. Current treatment options for nonal-
coholic fatty liver disease and nonalcoholic ste-
atohepatitis. Can J Gastroenterol 2012; 26: 353-
357.

  2)	 Romeo S, Kozlitina J, Xing C, Pertsemlidis A, 
Cox D Pennacchio LA, Boerwinkle E, Cohen JC, 
Hobbs HH. Genetic variation in PNPLA3 confers 
susceptibility to nonalcoholic fatty liver disease. 
Nat Genet 2008; 40: 1461-1465

  3)	 Mancina RM, Dongiovanni P, Petta S, Pingitore 
P, Meroni M, Rametta R, Borén J, Montalcini T, 
Pujia A, Wiklund O, Hindy G, Spagnuolo R, Mot-
ta BM, Pipitone RM, Craxì A, Fargion S, Nobili V, 
Käkelä P, Kärjä V, Männistö V, Pihlajamäki J, Reil-
ly DF, Castro-Perez J, Kozlitina J, Valenti L, Ro-
meo S. The MBOAT7-TMC4 Variant rs641738 In-
creases Risk of Nonalcoholic Fatty Liver Disease 
in Individuals of European Descent. Gastroenter-
ology 2016; 150: 1219-1230.e6

  4)	 Kozlitina J, Smagris E, Stender S, Nordestgaard 
BG, Zhou HH, Tybjærg-Hansen A, Vogt TF, 
Hobbs HH, Cohen JC. Exome-wide association 
study identifies a TM6SF2 variant that confers 
susceptibility to nonalcoholic fatty liver disease. 
Nat Genet 2014; 46: 352-356.   

  5)	 Targher G, Byrne CD, Tilg H. NAFLD and in-
creased risk of cardiovascular disease: clinical 
associations, pathophysiological mechanisms 
and pharmacological implications. Gut 2020; 69: 
1691-1705.

  6)	 Abenavoli L, Boccuto L, Federico A, Dallio M, 
Loguercio C, Di Renzo L, De Lorenzo A. Diet and 



R. Spagnuolo, L. Abenavoli, A. Corea, T. Larussa, R.M. Mancina, C. Cosco, F. Luzza, P. Doldo

5824

Non-Alcoholic Fatty Liver Disease: The Medi-
terranean Way. Int J Environ Res Public Health 
2019; 16: 3011.

  7)	 Grundy SM, Cleeman JI, Daniels SR, Donato 
KA, Eckel RH, Franklin BA, Gordon DJ, Krauss 
RM, Savage PJ, Smith SC Jr, Spertus JA, Cos-
ta F. American Heart Association; National Heart, 
Lung, and Blood Institute. Diagnosis and man-
agement of the metabolic syndrome: an Ameri-
can Heart Association/National Heart, Lung, and 
Blood Institute Scientific Statement. Circulation 
2005; 112: 2735-2752. Erratum in: Circulation 
2005; 112: e297. Erratum in: Circulation 2005; 
112: e298.

  8)	 Kahn R, Buse J, Ferrannini E, Stern M; American 
Diabetes Association; European Association for 
the Study of Diabetes. The metabolic syndrome: 
time for a critical appraisal: joint statement from 
the American Diabetes Association and the Euro-
pean Association for the Study of Diabetes. Dia-
betes Care 2005; 28: 2289-2304.

  9)	 Grundy S.M. Metabolic syndrome: a multiplex 
cardiovascular risk factor. J Clin Endocrinol Me-
tab 2007; 92: 399–404

10)	 Williams CD, Stengel J, Asike MI, Torres DM, 
Shaw J, Contreras M, Landt CL, Harrison SA. 
Prevalence of nonalcoholic fatty liver disease and 
nonalcoholic steatohepatitis among a largely mid-
dle-aged population utilizing ultrasound and liv-
er biopsy: a prospective study. Gastroenterology 
2011; 140: 124-131.  

11)	 Masarone M, Federico A, Abenavoli L, Loguer-
cio C, Persico M. Nonalcoholic fatty liver: epide-
miology and natural history. Rev Recent Clin Tri-
als 2019; 9: 126-133

12)	 Fakhoury M, Negrulj R, Mooranian A, Al-Salami 
H. Inflammatory bowel disease: clinical aspects 
and treatments. J Inflamm Res 2014; 23: 113-
120.

13)	 Levine JS, Burakoff R. Extraintestinal manifesta-
tions of inflammatory bowel disease. Gastroen-
terol Hepatol (N Y) 2011; 7: 235-241.

14)	 Chao CY, Battat R, Al Khoury A, Restellini S, Se-
bastiani G, Bessissow T. Co-existence of non-al-
coholic fatty liver disease and inflammatory bow-
el disease: A review article. World J Gastroenter-
ol 2016; 22: 7727-7734

15)	 Mancina RM, Spagnuolo R, Milano M, Brogneri 
S, Morrone A, Cosco C, Lazzaro V, Russo C, Fer-
ro Y, Pingitore P, Pujia A, Montalcini T, Doldo P, 
Garieri P, Piodi L, Caprioli F, Valenti L, Romeo S. 
PNPLA3 148M carriers with Inflammatory Bowel 
have higher susceptibility to hepatic steatosis and 
higher liver enzymes. Inflamm Bowel Dis 2016; 
22: 134-140. 

16)	 Principi M, Iannone A, Losurdo G, Mangia M, 
Shahini E, Albano F, Rizzi SF, La Fortezza RF, 
Lovero R, Contaldo A, Barone M, Leandro G, Ie-
rardi E, Di Leo A. Nonalcoholic fatty liver dis-
ease in inflammatory bowel disease: prevalence 
and risk factors. Inflamm Bow Dis 2018; 24: 1589-
1596.

17)	 Rogler G. Gastrointestinal and liver adverse ef-
fects of drugs used for treating IBD. Best Pract 
Res Clin Gastroenterol. 2010; 24: 157-165.

18)	 McGowan CE, Jones P, Long MD, Barritt AS. 
Changing shape of disease: nonalcoholic fatty liv-
er disease in Crohn’s disease-a case series and 
review of the literature. Inflamm Bowel Dis 2012; 
18: 49-54

19)	 Moher D, Shamseer L, Clarke M, Ghersi D, Libe-
rati A, Petticrew M, Shekelle P, Stewart LA. 
PRISMA-P Group. Preferred reporting items for 
systematic review and meta-analysis protocols 
(PRISMA-P) 2015 statement. Syst Rev 2015; 4: 1.

20)	 Romeo S, Sanyal A, Valenti L. Leveraging human 
genetics to identify potential new treatments for 
fatty liver disease. Cell Metab 2020; 31: 35-45.

21)	 Pingitore P, Pirazzi C, Mancina RM, Motta BM, In-
diveri C, Pujia A, Montalcini T, Hedfalk K, Romeo 
S. Recombinant PNPLA3 protein shows triglycer-
ide hydrolase activity and its I148M mutation re-
sults in loss of function. Biochim Biophys Acta 
2014; 1841: 574-580.

22)	 Pirazzi C, Valenti L, Motta BM, Pingitore P, Hed-
falk K, Mancina RM, Burza MA, Indiveri C, Ferro 
Y, Montalcini T, Maglio C, Dongiovanni P, Fargion 
S, Rametta R, Pujia A, Andersson L, Ghosal S, 
Levin M, Wiklund O, Iacovino M, Borén J, Romeo 
S. PNPLA3 has retinyl-palmitate lipase activity 
in human hepatic stellate cells. Hum Mol Genet 
2014; 23: 4077-4085.

23)	 Brest P, Lapaquette P, Mograbi B, Darfeuille-Mi-
chaud A, Hofman P. Risk predisposition for Crohn 
disease: a “ménage à trois” combining IRGM al-
lele, miRNA and xenophagy. Autophagy 2011; 7: 
786-787  

24)	 Glas J, Seiderer J, Bues S, Stallhofer J, Fries C, 
Olszak T, Tsekeri E, Wetzke M, Beigel F, Steib C, 
Friedrich M, Göke B, Diegelmann J, Czamara D, 
Brand S. IRGM variants and susceptibility to in-
flammatory bowel disease in the German popula-
tion. PLoS One 2013; 8: e54338

25)	 Lin YC, Chang PF, Lin HF, Liu K, Chang MH, Ni 
YH. Variants in the autophagy-related gene IRGM 
confer susceptibility to non-alcoholic fatty liver 
disease by modulating lipophagy. J Hepatol 2016; 
65: 1209-1216.

26)	 Simon TG, Van Der Sloot KWJ, Chin SB, Joshi 
AD, Lochhead P Ananthakrishnan AN, Xavier R, 
Chung RT, Khalili H. IRGM gene variants modify 
the relationship between visceral adipose tissue 
and NAFLD in patients with Crohn’s disease. In-
flamm Bow Dis 2018; 24: 2247-2257.

27)	 Carr RM, Patel A, Bownik H, Oranu A, Kerner C, 
Praestgaard A, Forde KA, Reddy KR, Lichten-
stein GR. Intestinal inflammation does not predict 
Nonalcoholic Fatty Liver Disease severity in In-
flammatory Bowel Disease patients. Dig Dis Sci 
2017; 62: 1354-1361.

28)	 Magrì S, Paduano D, Chicco F, Cingolani A, Far-
ris C, Delogu G, Tumbarello F, Lai M, Melis A, Ca-
sula L, Fantini MC, Usai P. Nonalcoholic fatty liver 



Multifaceted pathogenesis of liver steatosis in inflammatory bowel disease: a systematic review

5825

disease in patients with inflammatory bowel dis-
ease: beyond the natural history. World J Gastro-
enterol 2019; 25: 5676-5686.

29)	 Saroli Palumbo C, Restellini S, Chao CY, Arul-
jothy A, Lemieux C, Wild G, Afif W, Lakatos PL, 
Bitton A, Cocciolillo S, Ghali P, Bessissow T, Se-
bastiani G. Screening for Nonalcoholic Fatty Liver 
Disease in Inflammatory Bowel Diseases: A Co-
hort Study Using Transient Elastography. Inflamm 
Bow Dis 2019; 25: 124-133.

30)	 Sourianarayanane A, Garg G, Smith TH, Butt MI, 
McCullough AJ, Shen B. Risk factors of non-al-
coholic fatty liver disease in patients with inflam-
matory bowel disease. J Crohns Colitis 2013; 7: 
e279-e285.   

31)	 Sartini A, Gitto S, Bianchini M, Verga MC, Di Gi-
rolamo M, Bertani A, Del Buono M, Schepis F, 
Lei B, De Maria N, Villa E. Non-alcoholic fatty liv-
er disease phenotypes in patients with inflamma-
tory bowel disease. Cell Death Dis 2018; 9: 87.  

32)	 Glassner K, Malaty HM, Abraham BP. Epidemi-
ology and risk factors of nonalcoholic fatty liver 
disease among patients with inflammatory bowel 
disease. Inflamm Bowel Dis 2017; 23: 998-1003.

33)	 Roberti R, Iannone LF, Palleria C, De Sarro C, 
Spagnuolo R, Barbieri MA, Vero A, Manti A, Pis-
ana V, Fries W, Trifirò G, Naturale MD, Larussa T, 
De Francesco AE, Bosco V, Donato di Paola E, Ci-
traro R, Luzza F, Bennardo L, Rodinò S, Doldo P, 
Spina E, Russo E, De Sarro G. Safety profiles of 
biologic agents for inflammatory bowel diseases: a 
prospective pharmacovigilance study in Southern 
Italy. Curr Med Res Opin 2020; 36: 1457-1463.  

34)	 Bosch DE, Yeh MM. Primary sclerosing cholan-
gitis is protective against nonalcoholic fatty liver 
disease in inflammatory bowel disease. Inflamm 
Bow Dis 2017; 23: 998-1003.

35)	 Restellini SPCS, Chao C, Aruljothy A, Sebastiani 
G, Bessissow T. Screening for non-alcoholic fatty 
liver disease by transient elastography with con-
trolled attenuation parameter in unselected pa-
tients with inflammatory bowel disease. Gastro-
enterology 2017; 152: S976.

36)	 Sagami S, Ueno Y, Tanaka S, Fujita A, Hayashi 
R, Oka S, Hyogo H, Chayama K. Significance of 
non-alcoholic fatty liver disease in Crohn’s dis-
ease: a retrospective cohort study. Hepatol Res 
2017; 47: 872-881.

37)	 Schroder T, Schmidt KJ, Olsen V, Moller S, 
Mackenroth T, Sina C, Lehnert H, Fellermann K, 
Büning J. Liver steatosis is a risk factor for hepa-
totoxicity in patients with inflammatory bowel dis-
ease under immunosuppressive treatment. Eur J 
Gastroenterol Hepatol 2015; 27: 698-704.

38)	 Bessissow T, Le NH, Rollet K, Afif W, Bitton A, 
Sebastiani G. Incidence and predictors of nonal-
coholic fatty liver disease by serum biomarkers 
in patients with inflammatory bowel disease. In-
flamm Bowel Dis 2016; 22: 1937-1944.

39)	 Spagnuolo R, Montalcini T, De Bonis D, Ferro Y, 
Cosco C, Mazza E, Romeo S, Doldo P, Pujia A.  

Weight Gain and Liver Steatosis in Patients with 
Inflammatory Bowel Diseases. Nutrients. 2019; 
11: 303.

40)	 Ilan Y, Ben Ya’acov A, Shabbat Y, Gingis-Velits-
ki S, Almon E, Shaaltiel Y. Oral administration of 
a non-absorbable plant cell-expressed recom-
binant anti-TNF fusion protein induces immuno-
modulatory effects and alleviates nonalcoholic 
steatohepatitis. World J Gastroenterol 2016; 22: 
8760-8769.

41)	 Barbuio R, Milanski M, Bertolo MB, Saad MJ, 
Velloso LA. Infliximab reverses steatosis and im-
proves insulin signal transduction in liver of rats 
fed a high-fat diet. J Endocrinol 2007; 194: 539-
550.  

42)	 Yalcin M, Akarsu M, Celik A, Sagol O, Tunali S, 
Ertener O, Bengi G, Akpinar H. A. A comparison 
of the effects of infliximab, adalimumab, and pent-
oxifylline in nonalcoholic steatohepatitis. Turk J 
Gastroenterol 2014; 25 Suppl 1: 167-175.

43)	 Axelrad JE, Cadwell KH, Colombel JF, Shah 
SC. The role of gastrointestinal pathogens in 
inflammatory bowel disease: a systematic re-
view. Therap Adv Gastroenterol 2021; 31; 14: 
17562848211004493.

44)	 Abenavoli L, Scarpellini E, Colica C, Boccuto L, 
Salehi B, Sharifi-Rad J, Aiello V, Romano B, De 
Lorenzo A, Izzo AA, Capasso R. Gut Microbio-
ta and Obesity: A Role for Probiotics. Nutrients 
2019; 11: 2690.

45)	 Backhed F, Ding H, Wang T, Hooper LV, Koh GY, 
Nagy A, Semenkovich CF, Gordon JI. The gut mi-
crobiota as an environmental factor that regulates 
fat storage. Proc Natl Acad Sci U S A 2004; 101: 
15718-15723.

46)	 Mouzaki M, Comelli E, Arendt B, Bonengel J, 
Fung SK, Fischer SE, McGilvray ID, Allard JP.  
Intestinal microbiota in patients with nonalcoholic 
fatty liver disease. Hepatology 2013; 58: 120-127.

47)	 Mancina RM, De Bonis D, Pagnotta R, Cosco C, 
Cosco V, Montalcini T, Pujia A, Doldo P, Spag-
nuolo R. Ulcerative Colitis as an Independent 
Risk Factor for Hepatic Steatosis. Gastroenterol 
Nurs 2020; 43: 292-297.

48)	 Bleau C, Filliol A, Samson M, Lamontagne L. 
Mouse hepatitis virus infection induces a Toll-Like 
Receptor 2-dependent activation of inflammato-
ry functions in liver sinusoidal endothelial cells 
during acute hepatitis. J Virol 2016; 90: 9096-
9113.

49)	 Yao Z, Mates JM, Cheplowitz AM, Hammer LP, 
Maiseyeu A, Phillips GS, Wewers MD, Rajaram 
MV, Robinson JM, Anderson CL, Ganesan LP. 
Blood-Borne Lipopolysaccharide Is Rapidly Elim-
inated by Liver Sinusoidal Endothelial Cells via 
High-Density Lipoprotein. J Immunol 2016; 197: 
2390-2399.

50)	 Miyao M, Kotani H, Ishida T, Kawai C, Manabe S, 
Abiru H, Tamaki K. Pivotal role of liver sinusoidal 
endothelial cells in NAFLD/NASH progression. 
Lab Invest 2015; 95: 1130-1144.


