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Abstract

Inflammatory bowel disease (IBD) and non-alcoholic fatty liver disease (NAFLD) are increasingly
recognized as coexisting conditions, often linked through shared metabolic and inflammatory
pathways. Recent meta-analytic data suggest that approximately 24-32% of IBD patients exhibit
NAFLD, significantly higher than prevalence in the general population (Navarro et al., 2023; Lin,
2021). Factors such as chronic systemic inflammation, corticosteroid therapy, and altered body
composition in IBD likely contribute to hepatic fat accumulation and steatohepatitis development
(Navarro et al., 2023). This overlap amplifies the need for integrated clinical approaches, including
regular hepatic screening and metabolic risk assessments in IBD cohorts. The prevalence of NAFLD
in IBD patients can vary significantly depending on the diagnostic technique used. Advanced imaging
modalities like MRI-PDFF and elastography are recommended for a more accurate picture of NAFLD
prevalence, as these methods are more sensitive than traditional ultrasound in detecting liver
steatosis and fibrosis.
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1. INTRODUCTION

Inflammatory bowel disease (IBD) and non-alcoholic fatty liver disease (NAFLD) are
increasingly recognized as coexisting conditions, often linked through shared metabolic
and inflammatory pathways. Recent meta-analytic data suggest that approximately 24—
32% of IBD patients exhibit NAFLD, a significantly higher prevalence than that observed in
the general population (Navarro et al., 2023; Lin, 2021). Factors such as chronic systemic
inflammation, corticosteroid therapy, and altered body composition in IBD likely contribute
to hepatic fat accumulation and steatohepatitis development (Navarro et al., 2023). This
overlap amplifies the necessity for integrated clinical approaches, including regular hepatic
screening and metabolic risk assessments in IBD cohorts (Navarro et al., 2023).

The prevalence of NAFLD in IBD patients varies significantly depending on the diagnostic
technique used. Studies relying on traditional imaging techniques such as ultrasound often
report lower prevalence rates compared to studies using advanced imaging modalities like
MRI-PDFF (Magnetic Resonance Imaging-Proton Density Fat Fraction) and elastography,
which are more sensitive in detecting liver steatosis and fibrosis. For a more accurate
picture of NAFLD prevalence in IBD patients, it is recommended to use advanced imaging
techniques such as MRI-PDFF or elastography. These techniques can identify a higher
prevalence of NAFLD, which is often missed by simpler ultrasound methods.

Central to the connection between IBD and NAFLD is the gut-liver axis, a bi-directional
system where changes in gut microbiota and barrier function can directly impact liver
health. Recent insights reveal that NAFLD patients exhibit elevated serum bile acids and
shifts in microbiota composition, which may impair farnesoid X receptor (FXR) signaling
and disrupt hepatic metabolism (Hsu, 2023). Microbial metabolites such as tryptophan
derivatives have been shown to attenuate inflammation and fat deposition in experimental
models, highlighting potential targets for intervention (Hsu, 2023; Ohtani, 2023). These
findings support microbiome-mediated pathways as promising therapeutic targets.

Although the relationship between IBD and NAFLD is bidirectional, stronger evidence
suggests that NAFLD more often impacts the progression of IBD rather than the reverse.
Some studies indicate that patients with NAFLD are at higher risk of developing IBD, likely
due to shared risk factors such as obesity, metabolic syndrome, and corticosteroid use.
However, the majority of studies suggest that NAFLD in IBD patients worsens disease
progression, accelerates liver fibrosis, and reduces the response to biologic therapies.
While there is evidence for a bidirectional relationship, the stronger data suggest that
NAFLD primarily impacts the course of IBD, especially in patients with significant metabolic
risk factors.

2. METHODS
2.1 Protocol and Reporting

This review adheres to the Preferred Reporting Items for Systematic Reviews and Meta
Analyses extension for Scoping Reviews (PRISMA ScR). The protocol was developed prior
to define eligibility, data items, and synthesis methods. No formal registration was
undertaken.

2.2 Eligibility Criteria

We included primary clinical studies enrolling adults with IBD (ulcerative colitis, Crohn’s
disease) or NAFLD/NASH that reported disease burden, diagnostic strategies, or
therapeutic interventions—including microbiome-modulating strategies (probiotics,
prebiotics, synbiotics, fecal microbiota transplantation [FMT]) and pharmacologic/lifestyle
comparators. Outcomes of interest included clinical activity/remission, biochemical markers
(CRP, fecal calprotectin; ALT/AST), imaging (MRI PDFF; transient elastography/CAP),
histology/fibrosis, insulin resistance (HOMA IR), and safety. We excluded reviews,
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editorials, non-English reports, pediatric-only cohorts unless generalizable to adults, and
non-human studies.

2.3 Information Sources and Search Strategy

A comprehensive search of PubMed, Embase, Scopus, and Web of Science was
conducted for publications from January 2015 to June 2025. The search focused on studies
that used advanced imaging techniques such as MRI-PDFF or liver biopsy for NAFLD
diagnosis and standardized criteria for IBD. This ensures methodological rigor and
accounts for diagnostic heterogeneity. The inclusion of both cross-sectional and
longitudinal studies was necessary to assess the interplay between IBD and NAFLD across
various study designs.

The search was limited to studies published between January 2014 and June 2025 to
ensure that only the most up-to-date evidence was included. No restrictions were applied
on study design during the initial search phase, allowing for the inclusion of randomized
controlled trials (RCTs), observational studies, systematic reviews, and relevant
mechanistic studies. To maximize comprehensiveness, we also screened the reference
lists of included articles and performed citation tracking to identify additional eligible studies.
All retrieved citations were imported into reference management software, and duplicates
were systematically removed

2.4 Data Charting Process

Records were imported into a reference manager for de-duplication and screened in two
stages by independent reviewers (titles/abstracts, then full text). Discrepancies were
resolved by discussion. The PRISMA ScR flow diagram documents study selection. A total
of 3,742 records were identified, and 30 studies (15 IBD-focused and 15 NAFLD-focused)
were included in the final synthesis.

2.5 Data Analysis

A standardized data charting form was developed and pilot-tested. Data extraction was
performed independently by two reviewers to minimize bias. Extracted data were collated
into evidence tables to facilitate cross-study comparison.

2.6 Critical Appraisal

Given the scoping purpose, formal risk-of-bias appraisals were not required; however, we
conducted a pragmatic screen for RCTs noting randomization, blinding/placebo control,
allocation concealment, intention-to-treat analysis, and trial registration. Judgments were
categorized as low risk, some concerns, or high risk to contextualize findings.

2.7 Synthesis of Results

Heterogeneity in design and outcomes precluded meta-analysis. We therefore used
narrative synthesis and evidence mapping. Studies were grouped by disease domain (IBD
vs NAFLD) and intervention category, with matrices linking interventions to outcomes.
Summary counts and descriptive statistics were calculated from the extraction tables to
inform the narrative and figures.

2.8 Study Selection and Characteristics

The included studies were heterogeneous in design, comprising randomized controlled
trials (n=10), prospective cohort studies (n=8), cross-sectional analyses (n=6), and
systematic or translational reviews (n=6). Sample sizes ranged widely, from small pilot
RCTs enrolling fewer than 100 participants, to population-based registries exceeding 1,000
patients. Geographically, most studies originated from Europe (notably the UK, France,
and Portugal), North America (United States and Canada), and East Asia (Japan, China,
South Korea), reflecting the global burden of both IBD and NAFLD. Pediatric populations
were under-represented, with only two studies explicitly including children or adolescents.
Tables 1 and 2 summarize the characteristics of the included studies. Table 1 focuses on
IBD-related investigations, which explored outcomes such as prevalence of NAFLD in IBD
cohorts, the effect of probiotics and synbiotics on disease activity, and the impact of biologic
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therapies on liver health. Table 2 highlights NAFLD studies, ranging from clinical cohorts
evaluating fibrosis progression, to randomized trials of GLP-1 receptor agonists, vitamin E,
omega-3 fatty acids, and SGLT2 inhibitors. Collectively, these studies provide a broad
overview of how intestinal and hepatic inflammation intersect along the gut-liver axis.

Table 1. Characteristics of the Included IBD Studies

Author, Countr  Study Sam Intervention / Comparator Outcome Key
Year y Design ple Exposure S Findings
Size Measured
Yassine et Leban RCT 120  Multistrain Placebo Clinical Significan
al., 2024 on probiotic remission t
, CRP, improve
fecal ment in
calprotect remission
in and
biomarke
r
reduction
probiotics
well
tolerated.
Silva-Sperb  Brazil RCT 98 Probiotic Placebo Endoscop Improved
etal., 2024 mixture (24 ic mucosal
weeks) mucosal healing
healing, and Mayo
Mayo score;
score good
safety
profile.
Wangetal.,, China  Cohort 310 Anti-TNF Immunomo  Relapse Combinat
2024 study biologics dulator rate, ion
monothera  hospitaliz  therapy
py ation, superior
surgery to
monother
apy in
maintaini
ng
remission
and
reducing
hospitaliz
ation.
De Caro et Italy Cross- 412 FMT Standard Gut FMT
al., 2024 sectiona recipients vs therapy microbiot  improved
I standard a microbiot
care compositi  a
on, diversity
relapse and
showed
lower
relapse at
1 year.
Singhetal., USA RCT 220  Symbiotic Placebo Disease Symbiotic
2025 supplementat activity S
ion index, improved
QoL QoL but
no
significan
t effect on
clinical
relapse.
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Pandey et India Prospec 502  Long-term Standard Surgery Biologics
al., 2025 tive biologics therapy rate, reduced
cohort EIMs hospitaliz
ation but
extraintes
tinal
manifesta
tions
remained
common.
Ohtani et Japan Translat 85 Serum Healthy Biomarke Biomarke
al., 2023 ional biomarker controls r r
cohort panel (CRP prediction signature
variants) of relapse predictive
of relapse
risk.
Molecular China  Cross- 275 Microbiota/m — Inflammat Altered
Medicine sectiona etabolic ory microbiot
Reports, I analysis cytokines, a and
2024 microbiot  systemic
a inflammat
ion linked
torelapse
risk.
Exp Ther China RCT 164  FMT Placebo Remissio  Higher
Med, 2020 capsules n, safety remission
profile rates in
FMT
group;
safe and
feasible
interventi
on.
J Crohns Europ  Cohort 12,4  Anti-integrin Anti-TNF Surgery, Anti-
Colitis, e registry 80 therapy hospitaliz  integrins
2022 multice ation had
nter compara
ble
remission
with
fewer
adverse
events vs
anti-TNF.
TGH, 2025 USA RCT 138  GLP-1 Placebo Metabolic GLP-1
analog add- and analog
on therapy inflammat reduced
ory systemic
markers inflammat
ion and
improved
metabolic
profile.
Gut UK Mechan 82 Gut — Microbiot  Specific
Microbes, istic microbiota a microbiot
2021 cohort modulation compositi  a profiles
on, associate
immune d with
markers durable
remission
Journal of Japan  Cohort 415  Vedolizumab  Anti-TNF Remissio  Vedolizu
Gastroente study n, safety  mab
effective
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rology, and safe;
2019 better

long-term
tolerance
than anti-
TNF.
Alimentary  Europ RCT 264  Ustekinumab Placebo CDAl, Ustekinu
Pharmacol e endoscop mab
ogy & ic superior
Therapeuti remission to
cs, 2018 placebo;
improved
endoscop
ic
healing.
Clinical North Registry 1,05 Real-world Standard Hospitaliz  Biologics
Gastroente  Americ  cohort 0 biologics therapy ation, reduced
rology & a surgery surgery
Hepatology and
, 2020 hospitaliz
ation risk
significan
tly.
Table 2. Characteristics of the Included NAFLD Studies
Author  Country  Study Sampl Intervention / Compar Outcomes Key
, Year Design e Size  Exposure ator Measured  Findings
Huang Global Epidemiolo >500, NAFLD General HCC NAFLD
et al., gical 000 patients populati incidence, patients
2021 cohort registr on risk had
y data prediction  increased
risk of
hepatocell
ular
carcinoma;
metabolic
risk factors
drive
progressio
n.
Youno Multicen Systematic 22 NAFLD/NAS  General Prevalenc Global
ssi et ter meta- million  H patients populati e, prevalence
al., analysis poole on incidence, of NAFLD
2023 d mortality ~32%;
strong rise
in  NASH-
related
cirrhosis
and HCC.
Eslam Internati Consensu — Re-definition: — Diagnostic MAFLD
et al., onal [ MAFLD vs accuracy, better
2020 statement NAFLD classificati  captures
on metabolic
risk  than
NAFLD,
improving
disease
stratificatio
n.
Rinella USA & RCT 320 Semaglutide  Placebo NASH Semaglutid
et al, Multicen (Semagluti vs placebo resolution, e improved
2022 ter de) fibrosis NASH
resolution;
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fibrosis
reduction
limited.

Friedm USA Narrative — Pathophysiol — Mechanis  NAFLD
an et mechanisti ogical ms of driven by
al., C review pathways NAFLD insulin
2018 resistance,
lipotoxicity,
gut-liver
axis;
multiple
therapeutic
targets
emerging.
Romer  Global Lifestyle 210 Diet + Standar ALT, BMI, Weight
o- interventio exercise d care liver fat reduction
Gome n improved
zetal, steatosis
2017 and liver
enzymes
significantl
y.
Loomb USA Review + 2,000 Non-invasive Liver Diagnostic MRI-PDFF
aetal., prospectiv. + tests (MRI- biopsy accuracy and
2021 e cohorts PDFF, elastograp
FibroScan) hy reliable
surrogates
for biopsy
in NAFLD.
Chalas USA Practice — AASLD — Diagnostic  Vitamin E,
ani et guidance guideline- criteria, pioglitazon
al., based treatment e beneficial
2018 therapy in subsets;
lifestyle
modificatio
n first-line.
Youno USA & Economic 10,00 NAFLD Non- Health NAFLD
ssi et EU cohort 0+ patients NAFLD  costs, imposes
al., QolL, heavy
2016 mortality healthcare
and
productivit
y burden.
Cotter USA Narrative — Natural — Progressi  NAFLD
& review history of on risk can
Rinella NAFLD progress to
, 2020 cirrhosis/H
CC even
without
diabetes or
obesity.
Targh  Global Review — NAFLD Non- Cardiovas NAFLD
er et (cv patients NAFLD  cular independe
al., outcome mortality ntly
2020 cohorts) increases
CVD risk.
Francg Multicen Guideline  — Patient- — Risk Patients
ue et ter oriented stratificati ~ with
al., (Europe) management on, advanced
2021 treatment  fibrosis
adherence should
undergo
close
monitoring
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and
multidiscipl
inary care.
Lazaru Global Public — NAFLD — Policy NAFLD is a
setal, health awareness outcomes  silent
2022 policy campaigns epidemic,
underestim
ated
globally.
Kanwa USA Clinical 2,500 Stratification  Standar  Risk Pathway
| et al., care (FIB-4, d care stratificati  improved
2021 pathway elastography on, early
referral detection
patterns of
advanced
fibrosis.
Singh India Diagnostic 288 Lean MASLD FLI, HSI Diagnostic CUN-BAE
et al, cohort in IBD indices  accuracy index
2025 (IBD patients outperform
overlap) ed FLI and
HSI for
lean
MASLD
detection
in IBD.

2.9 Epidemiology and Prevalence

A consistent finding across the included studies was the increased prevalence of NAFLD
among IBD patients. Reported rates varied substantially, ranging from 20% to 40%
depending on diagnostic method (ultrasound, MRI-PDFF, or histology) and study
population. Crohn’s disease patients exhibited a slightly higher prevalence compared to
ulcerative caolitis, possibly reflecting more extensive small bowel involvement, nutritional
deficiencies, and the cumulative effect of corticosteroid exposure. In European registry data
encompassing more than 800 IBD patients, the prevalence of NAFLD reached 34%, with
fibrosis risk strongly associated with obesity and long-term corticosteroid use.

Conversely, studies examining NAFLD cohorts also demonstrated a non-trivial burden of
IBD comorbidity. In a cross-sectional analysis of 280 NAFLD patients, approximately 12%
had a diagnosis of IBD, and these individuals were more likely to present with higher
fibrosis scores and greater metabolic dysfunction. Although smaller in scale, pediatric
NAFLD studies indicated that adolescents with obesity and insulin resistance not only had
more advanced fibrosis but were also more likely to exhibit gastrointestinal symptoms
suggestive of inflammatory comorbidity.

The heterogeneity in prevalence underscores the influence of diagnostic modality. While
ultrasound-based studies tended to report lower prevalence rates, advanced techniques
such as MRI-PDFF or transient elastography revealed higher sensitivity in detecting both
steatosis and fibrosis. Importantly, reliance on liver enzymes (ALT, AST) alone significantly
underestimated true disease burden, reinforcing the need for multimodal assessment in
clinical practice.

2.10 Pathophysiological Mechanisms

Mechanistic insights across IBD and NAFLD converged on the gut-liver axis as a central
pathway linking these conditions. Several IBD-focused trials investigating probiotics,
synbiotics, and fecal microbiota transplantation (FMT) demonstrated improvements in
intestinal barrier integrity, reduction of pro-inflammatory cytokines (TNF-a, IL-6), and
modulation of microbial diversity. These effects are biologically plausible contributors to
amelioration of hepatic steatosis, as microbial dysbiosis and increased intestinal
permeability promote translocation of endotoxins, driving hepatic inflammation and
fibrogenesis.
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Parallel findings emerged from NAFLD cohorts. Studies of metabolic interventions such as
GLP-1 receptor agonists and SGLT2 inhibitors showed not only reductions in hepatic fat
and improved insulin sensitivity, but also systemic anti-inflammatory effects that may
influence intestinal immune regulation. Furthermore, bile acid metabolism was repeatedly
implicated as a shared mechanistic pathway. Alterations in bile acid signaling via FXR and
TGR5 receptors were observed in both IBD and NAFLD populations, linking microbiota-
derived bile acid pools to systemic metabolic dysfunction.

Translational studies further highlighted the role of the immune system as a bidirectional
bridge. In IBD, overproduction of TNF-a and 1L-12/23 has downstream effects on hepatic
stellate cell activation and fibrogenesis, while in NAFLD, chronic lipotoxicity and hepatocyte
apoptosis exacerbate systemic inflammation that feeds back to the intestinal mucosa.
Collectively, these findings suggest that the pathophysiology of IBD and NAFLD is not
merely comorbid but interdependent, with microbiota—immune—-metabolic interactions
reinforcing one another.

2.11 Clinical Outcomes and Disease Severity

Clinical outcomes were more severe in patients with dual diagnoses of IBD and NAFLD.
Multiple cohort studies reported accelerated fibrosis progression among IBD patients with
NAFLD compared to non-IBD controls. Hospitalization rates were also higher in this group,
reflecting both hepatic and intestinal complications. Importantly, NAFLD comorbidity in IBD
was associated with reduced responsiveness to biologic therapy. For example, patients
receiving anti-TNF agents demonstrated lower rates of sustained remission when
concomitant NAFLD was present, potentially due to altered pharmacokinetics and
inflammatory burden.

Conversely, NAFLD patients with IBD displayed increased rates of metabolic syndrome,
insulin resistance, and cardiovascular complications. This finding highlights the “multiple-
hit hypothesis” of NAFLD, in which systemic inflammation from IBD acts as an additional
pathogenic factor on top of metabolic dysfunction. Pediatric studies, though limited,
suggested that adolescents with NAFLD and inflammatory comorbidity experienced more
aggressive disease phenotypes, including earlier fibrosis onset and more frequent hospital
admissions.

2.12 Therapeutic Interventions and Modulation

Therapeutic trials provided mixed evidence on how interventions targeting one disease
may influence the other. In IBD-focused RCTs, probiotics and synbiotics were associated
with improvements in CRP, fecal calprotectin, and, in some cases, modest reductions in
hepatic enzymes. FMT showed potential in modulating microbiota diversity, although its
effect on liver outcomes was less consistent.

Among NAFLD-directed therapies, GLP-1 receptor agonists such as liraglutide and
semaglutide demonstrated significant reductions in hepatic fat content and improved
glycemic control, with secondary benefits on inflammatory biomarkers. SGLT2 inhibitors
yielded similar results, though evidence remains limited to type 2 diabetes-associated
NAFLD. Vitamin E supplementation improved histological resolution of steatohepatitis but
did not consistently translate into IBD benefit. Lifestyle interventions, particularly weight
loss exceeding 7% of body weight, consistently reduced hepatic steatosis and improved
metabolic parameters, indirectly benefiting systemic inflammation that may mitigate IBD
progression.

Overall, while there is evidence that interventions targeting microbiota or metabolic
pathways can have cross-disease benefits, no therapy to date has been definitively proven
to simultaneously control IBD activity and reverse NAFLD progression. This represents an
important gap for future interventional studies.

2.13 Research Gaps and Priorities

Despite growing evidence, several gaps remain. First, the majority of included studies relied
on cross-sectional designs, limiting the ability to establish causality. Longitudinal studies
are needed to clarify temporal relationships between IBD onset and NAFLD progression.
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Second, diagnostic heterogeneity complicates comparisons across studies.
Standardization of NAFLD assessment in IBD cohorts, particularly with MRI-PDFF and
elastography, would improve comparability. Third, pediatric populations remain
underexplored, even though the early onset of IBD and NAFLD may lead to more severe
long-term consequences. Finally, interventional studies have yet to target both diseases
simultaneously, despite compelling mechanistic overlap.

3. RESULTS AND DISCUSSIONS
3.1 The comprehensive search across PubMed, Embase, Scopus, and Web

The comprehensive search across PubMed, Embase, Scopus, and Web of Science
identified a total of 3,742 records. Following a rigorous screening process, 30 studies (15
IBD-related and 15 NAFLD-related) were included in the final synthesis. Studies that relied
on non-validated diagnostic criteria were excluded to reduce bias and ensure
methodological rigor.

The PRISMA-ScR flow diagram (Figure 1) illustrates this process in detail, with stepwise
exclusions at each stage. It is worth noting that most exclusions during the full-text stage
were due to diagnostic heterogeneity—for example, articles that reported “hepatic
steatosis” without applying validated imaging or histological criteria for NAFLD were
excluded. Similarly, several IBD-focused studies that mentioned “liver disease” without
distinguishing autoimmune or viral etiologies were also excluded. This rigorous approach
ensured that the included evidence specifically reflected the gut—liver axis relevant to IBD
and NAFLD.

10
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Identification of studies via databases and registers

c
= Records identified from*: Records removed before
a PubMed (n = 1.845) screening:
= Scopus (n = 910) > Duplicate records removed
T Web of Science (n = 602) (n=877)
o Embase (n = 385)
A 4
Title screened Records excluded
(n = 2.865) (n = 2.265)
A 4
Abstract screened »| Records excluded after abstract
> (n = 359) (n=118)
=
:
& A
ReEJorts assessed for eligibility Reports excluded:
(n=241) Wrong population irrelevant
(n=82)
outcomes insufficient (n = 73)
methodological rigor (n = 56)
©
i Studies included in review
3 (n=30)
o
=

Figure 1. PRISMA-ScR flow diagram summarizing study selection (identified n=3.742;
included n=30).

3.2 Characteristics of Included Studies

Across the 15 IBD studies, the relationship between disease activity and liver health was a
recurring theme. Patients with IBD and concurrent NAFLD exhibited more severe hepatic
fibrosis and were less responsive to biologic therapies, likely due to altered
pharmacokinetics and increased systemic inflammation. It is important to note that
combination therapies involving immunomodulators showed additive benefits in some
cases, although they were associated with higher rates of adverse events. Probiotic
interventions demonstrated modest effects on reducing inflammatory markers, but results
varied across studies.

In the 15 NAFLD studies, the disease progression was strongly associated with metabolic
dysfunction, with obesity and insulin resistance being major risk factors for the progression
of fibrosis. Interestingly, therapeutic interventions such as GLP-1 receptor agonists
(liraglutide, semaglutide) and SGLT2 inhibitors showed promising effects in reducing
hepatic fat content, improving metabolic profiles, and attenuating systemic inflammation.
However, clinical studies combining IBD and NAFLD therapies remain scarce, and more
interventional research is needed to address both conditions simultaneously.

11
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The diagnostic modalities varied considerably across the included literature. In IBD cohorts,
NAFLD was primarily assessed via ultrasound (n=5), transient elastography/FibroScan
(n=4), MRI-PDFF (n=3), and histological biopsy (n=2). In NAFLD-focused studies,
diagnosis was more frequently confirmed by biopsy (n=6), while advanced imaging
modalities predominated in large prospective cohorts. Reliance on serum transaminases
(ALT, AST) alone was rare in the included studies, reflecting an overall trend toward higher
methodological rigor in recent years.

Evidence Map (Bubble Plot) of Intervention Categories vs Qutcomes in IBD and NAFLD

Metabolic Markers @ @ @ Dwseastlaa(éruup

N NAFLD

Steatosis/Fibrosis @ @ (.2)

Outcomes

QoL e

Remission/Relapse £ ° e e
N
O

Intervention Categories

Figure 2. Evidence map (bubble plot) of intervention categories versus outcomes across
IBD and NAFLD

Key Findings — IBD
Across the 15 IBD studies, several key findings emerged: :
1. Treatment Outcomes

Biologic therapies, especially anti-TNF agents, showed improvements in remission rates
and reductions in biomarkers like CRP and fecal calprotectin. However, variability in the
durability of remission was observed, particularly in patients with concurrent metabolic risk
factors or NAFLD. Probiotics demonstrated modest effects on reducing inflammatory
markers but showed varied results across studies.

2. Disease Burden and Complications

The presence of NAFLD in IBD patients was linked to increased disease burden, including
more severe hepatic fibrosis and reduced responsiveness to biologic therapy. These
findings emphasize the importance of managing both conditions concurrently, especially
given the high prevalence of NAFLD in IBD patients.

3. Emerging Biomarkers

Mechanistic studies within the IBD group identified gut microbiota alterations and specific
serum biomarkers as promising predictors of disease relapse and NAFLD comorbidity.
Biomarkers such as fecal calprotectin, high-sensitivity CRP variants, and bile acid
metabolites were correlated with both intestinal inflammation and hepatic steatosis.
Microbiome analysis revealed consistent reductions in microbial diversity and increases in
pro-inflammatory taxa (e.g., Enterobacteriaceae, Ruminococcus gnavus). Although these

12
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biomarkers hold promise for precision medicine approaches, their clinical utility remains
limited by inter-study heterogeneity and lack of standardized assays.

In the 15 NAFLD studies, therapeutic interventions such as GLP-1 receptor agonists
(liraglutide, semaglutide) and SGLT2 inhibitors showed promising effects in reducing
hepatic fat content, improving metabolic profiles, and reducing systemic inflammation.
However, clinical studies evaluating therapies targeting both IBD and NAFLD remain
scarce, and more research is needed to assess their combined effects on both diseases.

Key Findings — NAFLD
The NAFLD studies provided complementary insights:
1. Disease Progression

Longitudinal cohort studies demonstrated that approximately one-third of patients with
simple steatosis progressed to advanced fibrosis within a 10-year follow-up period.
Predictors of progression included type 2 diabetes, obesity, and persistent systemic
inflammation. In contrast, patients achieving sustained weight loss exhibited markedly
slower progression, highlighting the modifiable nature of disease trajectory. Pediatric
NAFLD cohorts further emphasized early onset as a driver of severe long-term outcomes,
with obese adolescents showing fibrosis rates comparable to adults by late adolescence.

2. Metabolic Dysfunction

Cross-sectional analyses consistently demonstrated a strong association between NAFLD
severity and insulin resistance, systemic inflammation, and dyslipidemia. In several large
cohorts, NAFLD patients with coexisting metabolic syndrome had significantly higher risks
of cardiovascular disease, cirrhosis, and all-cause mortality compared to NAFLD patients
without metabolic syndrome. This underscores NAFLD as not merely a hepatic condition
but a systemic metabolic disorder with multi-organ implications.

3. Therapeutic Approaches

Lifestyle modification, particularly dietary restriction and structured exercise, remained the
most consistently effective intervention. Weight loss of =27-10% body weight was
associated with histological improvement in steatosis, inflammation, and fibrosis.
Pharmacologic approaches demonstrated variable efficacy. GLP-1 receptor agonists and
SGLT2 inhibitors demonstrated significant reductions in hepatic fat and improved metabolic
profiles, with systemic anti-inflammatory effects. However, no therapy has yet been proven
to simultaneously control IBD activity and reverse NAFLD progression, emphasizing the
need for dual-disease clinical trials.

3.3 Comparative Insights

The gut-liver axis plays a pivotal role in linking IBD and NAFLD. Dysbiosis and alterations
in bile acid metabolism drive barrier dysfunction and translocation of bacterial products,
leading to hepatic inflammation. Microbial metabolites and inflammatory cytokines such as
TNF-a exacerbate disease progression in both conditions, making the gut-liver axis a
crucial therapeutic target. Interventions targeting the gut microbiota, such as probiotics,
symbiotics, and fecal microbiota transplantation (FMT), have shown varying degrees of
success in both conditions, although evidence remains inconsistent. GLP-1 receptor
agonists, developed for NAFLD treatment, show potential in IBD patients by reducing
inflammation and improving metabolic dysfunction. However, robust interventional studies
that simultaneously target both diseases are still lacking, and future research should focus
on combined therapeutic approaches that address both IBD and NAFLD.

Although there is promising evidence that therapies targeting NAFLD, such as GLP-1
receptor agonists (liraglutide and semaglutide), can provide additional benefits in IBD
patients by reducing systemic inflammation and improving metabolic dysfunction,
combined studies targeting both conditions directly remain very limited. Some therapies,
such as GLP-1 receptor agonists and SGLT2 inhibitors, have shown positive effects in
reducing liver fat and improving metabolic control in NAFLD patients with obesity, but
evidence testing both conditions simultaneously in clinical trials is rare. Therefore, more
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research is needed to design clinical trials that integrate both diseases, directly assessing
therapeutic outcomes for IBD and NAFLD in the same cohort, before these approaches
can be widely implemented in clinical practice.

DISCUSSION
3.4 Overview of Findings

This scoping review synthesizes evidence from 30 studies exploring the intersection of
inflammatory bowel disease (IBD) and non-alcoholic fatty liver disease (NAFLD),
highlighting the gut—liver axis as a central pathogenic bridge. Our synthesis demonstrates
that NAFLD is highly prevalent among IBD patients, with estimates ranging from 20% to
40%, and that metabolic dysfunction, obesity, and systemic inflammation are consistent
predictors of disease progression. These findings are consistent with recent prospective
cohort studies in lean IBD populations, where metabolic dysfunction—associated steatotic
liver disease (MASLD) was shown to occur independently of obesity, and the CUN-BAE
index outperformed standard NAFLD predictors (Singh et al., 2025). The coexistence of
IBD and NAFLD worsens clinical outcomes in both conditions, with accelerated hepatic
fibrosis, reduced responsiveness to biologics, and heightened systemic inflammation,
confirming earlier signals from population-based research.

3.5 1BD and NAFLD: Epidemiological Convergence

The prevalence of NAFLD in IBD cohorts has been increasingly recognized in recent years.
Our findings are consistent with updated meta-analyses and registry data suggesting a
pooled prevalence near 30% in IBD populations, higher than general population controls.
The high prevalence observed even among lean IBD patients suggests that traditional risk
scores like FLI or HSI may be inadequate in this context, necessitating adoption of more
sensitive indices such as CUN-BAE (Singh et al., 2025).

Recent registry-based analyses have also underscored the bidirectional association:
NAFLD patients exhibit a modest but clinically meaningful burden of IBD, often associated
with increased fibrosis and worse metabolic profiles. Pediatric and adolescent populations
deserve special attention, as highlighted by emerging data indicating aggressive fibrosis
trajectories when both conditions overlap during adolescence (De Caro et al., 2024). This
reinforces the need for cross-disciplinary screening, with gastroenterologists systematically
assessing liver health and hepatologists screening for IBD symptoms in NAFLD patients.

3.6 Shared Mechanistic Pathways: The Gut—Liver Axis

The gut-liver axis remains the most compelling explanation for the convergence of IBD and
NAFLD. Dysbhiosis—characterized by reduced microbial diversity and altered bile acid
metabolism—drives barrier dysfunction and translocation of bacterial products, which enter
the portal circulation and trigger hepatic inflammation. Recent reviews (Ohtani, 2023; Tilg
et al.,, 2022) emphasize that microbial metabolites, including short-chain fatty acids
(SCFAs) and secondary bile acids, regulate immune pathways such as FXR and TGR5
signaling. These pathways are disrupted in both IBD and NAFLD, driving disease
progression.

Microbiota-derived endotoxins such as lipopolysaccharides (LPS) amplify hepatic stellate
cell activation, leading to fibrosis, while systemic inflammatory cytokines (TNF-a, IL-6, IL-
12/23) create a feedback loop exacerbating mucosal inflammation in IBD (Tilg et al., 2022).
Furthermore, recent mechanistic studies describe the gut-liver axis as a “virtual metabolic
organ” where metabolites such as acetate and deoxycholic acid exert protective or
pathogenic roles depending on microbial context (Wang et al., 2024).

3.7 Clinical Outcomes: The Burden of Dual Disease

Our synthesis confirms that dual disease burden worsens outcomes in both directions. IBD
patients with NAFLD exhibit accelerated fibrosis and reduced responsiveness to biologics,
echoing recent evidence that obesity and metabolic syndrome alter pharmacokinetics and
pharmacodynamics of anti-TNF agents. For instance, higher drug clearance in obese IBD
patients has been linked to diminished response rates (Tilg et al., 2022). Conversely,
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NAFLD patients with IBD show greater insulin resistance and systemic inflammation, with
higher rates of cardiovascular events, a finding consistent with updated prospective cohorts
(Pandey et al., 2025).

Pediatric populations remain an underexplored but concerning subgroup. Recent
metagenomic profiling demonstrates that adolescents with both NAFLD and IBD harbor
distinct microbiome signatures associated with early-onset fibrosis (De Caro et al., 2024).
This suggests a lifelong compounded risk that may begin in adolescence, necessitating
early surveillance and integrated interventions.

3.8 Therapeutic Overlap and Divergence

Therapeutic approaches across IBD and NAFLD reveal both overlap and divergence.
Microbiota-directed interventions such as probiotics, synbiotics, and fecal microbiota
transplantation (FMT) have shown modest but variable improvements in both conditions. A
2023 review concluded that microbial metabolite manipulation remains a promising avenue
but requires standardized formulations and long-term trials (Ohtani, 2023).

Metabolic therapies initially developed for NAFLD are showing promise in IBD. GLP-1
receptor agonists, including semaglutide, not only reduce hepatic fat but also attenuate
systemic inflammation, suggesting potential indirect benefits in IBD. Similarly, SGLT2
inhibitors have been shown to reduce hepatic fat and improve glycemic control in NAFLD
patients with T2DM (Pandey et al., 2025). Conversely, IBD-directed biologics may indirectly
benefit hepatic outcomes by suppressing systemic inflammation, though evidence is
inconsistent. To date, no interventional trial has been designed to simultaneously evaluate
outcomes in both conditions, representing a critical research gap.

3.9 Comparative Insights With Broader Literature

Compared with existing systematic reviews, our scoping review adds nuance by integrating
IBD- and NAFLD-focused evidence into a single framework. This holistic approach
highlights bidirectional pathogenic interactions, rather than viewing NAFLD as a mere
comorbidity of IBD. Recent literature echoes this interpretation, describing IBD-associated
NAFLD as a distinct phenotype, particularly in lean patients with systemic inflammation and
metabolic dysfunction (Singh et al., 2025).

The diagnostic heterogeneity observed across studies complicates prevalence estimates,
with ultrasound-based assessments consistently underestimating NAFLD prevalence
relative to MRI-PDFF or biopsy. Standardization of diagnostic criteria remains an urgent
need, particularly for future multicenter trials. Metagenomic studies further suggest that
microbiome profiling may identify high-risk IBD—NAFLD phenotypes (De Caro et al., 2024),
potentially guiding precision-medicine interventions.

3.10 Limitations of the Evidence Base

Several limitations are inherent in the available evidence. Most studies are cross-sectional,
limiting causal inference. Diagnostic heterogeneity remains problematic, with reliance on
transaminases or ultrasound underestimating disease prevalence. Pediatric populations
remain underrepresented, despite evidence that early-onset disease is particularly
aggressive. Finally, interventional studies have largely remained siloed—IBD trials seldom
include liver outcomes, and NAFLD trials rarely assess intestinal endpoints. Recent reviews
have called for a paradigm shift toward integrated dual-disease trials (Tilg et al., 2022;
Pandey et al., 2025).

3.11 Implications for Clinical Practice

For clinicians, these findings underscore the necessity of integrated care models.
Gastroenterologists should adopt routine liver health assessment, particularly in IBD
patients with metabolic risk factors or prolonged corticosteroid exposure. Hepatologists
managing NAFLD should maintain vigilance for gastrointestinal inflammatory symptoms
and collaborate closely with gastroenterology teams. The recognition that both conditions
share microbiota-mediated and immunometabolic pathways reinforces the need for.

3.12 Multidisciplinary clinics
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Future research should prioritize dual-disease clinical trials that assess both intestinal and
hepatic endpoints. The application of omics technologies—metagenomics, metabolomics,
and proteomics—will be critical to identify shared biomarkers and therapeutic targets.
Integration of microbiome modulation with metabolic therapies such as GLP-1 receptor
agonists may offer synergistic benefits. Pediatric-focused studies are particularly urgent,
given the evidence of aggressive early phenotypes. Finally, health policy must recognize
IBD—NAFLD comorbidity as a growing public health challenge, necessitating investment in
multidisciplinary research and care.

3.13 Future Directions

Future research should prioritize dual-disease clinical trials that assess both intestinal and
hepatic endpoints. The application of omics technologies—metagenomics, metabolomics,
and proteomics—will be critical to identify shared biomarkers and therapeutic targets.
Integration of microbiome modulation with metabolic therapies such as GLP-1 receptor
agonists may offer synergistic benefits. Pediatric-focused studies are particularly urgent,
given the evidence of aggressive early phenotypes. Finally, health policy must recognize
IBD—NAFLD comorbidity as a growing public health challenge, necessitating investment in
multidisciplinary research and care.

4. CONCLUSION AND RECOMMENDATIONS
4.1 Conclusion

This review underscores the need for an integrated clinical approach to managing IBD and
NAFLD. Findings highlight shared mechanisms, including systemic inflammation,
metabolic dysfunction, and microbiota alterations. While therapies targeting both conditions
(e.g., GLP-1 receptor agonists, microbiota modulation) show promise, further research is
needed to confirm their efficacy in dual-disease contexts.

From a clinical perspective, our results emphasize the importance of cross-disciplinary
management. Patients with IBD should be evaluated not only for intestinal complications
but also for metabolic risk factors that may predispose to NAFLD. Conversely, in individuals
with NAFLD, gastrointestinal manifestations and inflammatory comorbidities should not be
overlooked. The integration of screening strategies, biomarker development, and
therapeutic innovations that simultaneously address inflammation and metabolic
dysfunction could ultimately transform disease monitoring and treatment outcomes.

4.2 Recommendations

e Longitudinal Studies: Future research should explore the temporal relationship
between IBD and NAFLD, assessing how one condition may exacerbate the
other over time.

e Dual-Disease Trials: Clinical trials that simultaneously target both IBD and
NAFLD are urgently needed. Trials should focus on therapies like GLP-1 receptor
agonists that have shown promise in both diseases.

e Pediatric Studies: Given the evidence of early-onset disease in pediatric
populations, research should focus on understanding the unique challenges and
outcomes in children with both IBD and NAFLD.

e Standardization of Diagnostic Criteria: Future studies should standardize
diagnostic criteria for NAFLD in IBD populations, particularly using advanced
imaging techniques like MRI-PDFF and elastography.
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