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ABSTRACT

Metabolic dysfunction-associated steatotic liver disease (MASLD) is increasingly recognized in patients with
inflammatory bowel disease (IBD), but accurate, disease-specific predictive tools are lacking. This study aimed to
identify key risk factors and develop tailored prediction models for MASLD in IBD patients. Material and methods:
In a retrospective—prospective cohort of 157 IBD patients (Ulcerative colitis: 51.6%; Crohn’s disease: 48.4%), we
performed serial clinical, laboratory, and imaging evaluations across four clinical visits. Hepatic steatosis was assessed
using transient elastography with controlled attenuation parameter (CAP > 273 dB/m). Logistic regression identified
independent risk factors for MASLD, leading to the development of an additive clinical score and a logistic
regression-based score. Their diagnostic performances were compared with established indices (Hepatic steatosis
index (HSI), Fatty liver index (FLI)). Results: MASLD was diagnosed in 37 patients (23.5%). Independent predictors
included smoking (OR 3.55), dyslipidemia (OR 2.82), hypertension (OR 2.77), prolonged IBD duration, higher BMI,
male sex, frequent disease flares, and corticosteroid exposure. The additive score (cut-off >3) showed good
sensitivity (36.1%) but high specificity (94%). The logistic score (cut-off >3.5) achieved moderate specificity (45.3%)
with excellent sensitivity (86.1%). Both models outperformed HSI (AUC 0.671) and FLI (AUC 0.701). CAP remained the
most accurate tool (AUC 0.957). Conclusion: MASLD is highly prevalent in IBD patients, driven by both metabolic and
disease-specific factors. The proposed clinical scores provide simple, accessible tools for early risk stratification,

potentially guiding personalized surveillance in settings lacking advanced imaging technologies.
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Bl INTRODUCTION

Inflammatory bowel diseases (IBD) are considered com-
plex, relapsing-remitting disorders of the gastrointestinal
tract arising from a dysregulated immune response to the
intestinal resident microbiota in individuals with genetic
susceptibility [1]. Crohn’s disease (CD) and ulcerative colitis
(UC) are associated with significant morbidity, impaired
quality of life, and substantial health-care burden worldwide
[2]. While IBD was traditionally considered a disorder of
industrialized Western countries, recent epidemiologic data
shows a rising incidence in developing regions, including
South America, Asia, Africa, and Eastern Europe [3,4]. This
global shift suggests that environmental and lifestyle factors,
particularly those associated with urbanization and indus-
trialization, play a critical role in triggering disease onset in
genetically predisposed individuals [5,6]. Similarly, meta-
bolic dysfunction-associated steatotic liver disease (MASLD)
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had an impressive increase in prevalence globally in the last
ten years, with an epidemiological shift towards developing
countries [7,8]. MASLD is increasingly identified in patients
with IBD, adding health risks and burden to both patients
and healthcare systems. Its overlap with IBD highlights the
systemic effects of gut inflammation, intestinal microbiota
imbalance and the gut-liver axis. Shared risk factors such
as metabolic syndrome, microbiota changes, chronic
inflammation, and therapies like corticosteroids, point to
possible common mechanisms. Recent evidence shows
MASLD in IBD is influenced by disease activity, duration,
surgery history, corticosteroid use, and anti-TNFa expo-
sure [9,10].

Routine screening for MASLD in this population is often
overlooked, and current diagnostic tools lack disease-specific
sensitivity. The aim of this study was to identify possible risk
factors of MASLD and develop two predictive scores tailored
specifically for IBD patients, incorporating clinical, meta-
bolic, and treatment-related variables. These tools aim to
identify individuals at high risk of hepatic steatosis, enabling
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earlier intervention and personalized management in this
increasingly complex patient population.

H MATERIAL AND METHODS

Patients

We conducted a retrospective—prospective, observational,
single-center study at a tertiary level hospital in Romania.
One hundred fifty-seven consecutive patients with an
established diagnosis of CD or UC who were admitted in
our unit between January 1% 2022 and December 31 2024,
were enrolled in the study.

Patients were eligible only if they were > 18 years old, had
an established diagnosis of CD or UC and were willing to
participate in the study by signing the Informed Consent.
The study was conducted in accordance with the principles
of the Declaration of Helsinki. Before participating in the
study, all patients or their legal representatives signed the
written informed consent.

All patients were prospectively followed across four
standardized visits after enrollment; however, clinical, and
demographic data recorded prior to December 2023 were
also used to establish baseline characteristics. A standardized
report form was used to record patients’ data including
clinical and demographic characteristics, laboratory and
imaging tests, duration since first diagnosis of IBD, disease
flares and treatment. If special events occurred between the
4 visits, related to the underlying pathology, these were
recorded in the patient’s follow-up file and mentioned as an
unscheduled visit.

The assessment of the disease activity in UC or Crohn’s
disease was made by performing the MAYO scores for UC,
CDAI and Harvey Bradshaw for CD [11,12]. Abdominal
ultrasound was performed as a routine procedure in all
study participants by a trained physician using a SuperSonic
Mach 30. The assessment of liver fibrosis and steatosis was
performed via transient elastometry (TE) with controlled
attenuating parameter (CAP) using FibroScan® 520 Com-
pact model (Echosens, Paris, France). Patients were fasted for
at least four hours before the procedure and were positioned
in the supine position with the right arm in maximum
abduction to optimize the intercostal window for scanning
the right lobe of the liver. Most patients were examined with
the M-probe (transducer frequency 3.5 MHz) due to their
constitutional type. A measurement was considered valid if
ten acquisitions were completed, with an interquartile range
to median ratio (IQR/M) of <30%. CAP values are
expressed in decibels per meter (dB/m) and range from
100 to 400 dB/m. Hepatic steatosis was diagnosed when the
CAP value exceeded 273 dB/m [13,14].

Although the study was conducted prospectively follow-
ing ethics approval (December 2023), we included patients
with documented clinical data collected prior to this date.
Therefore, the study design is best described as a retro-
spective—prospective observational cohort.

Diagnostic criteria

The diagnosis of MASLD requires the exclusion of
secondary causes of hepatic steatosis, including alcohol-
related liver disease and other chronic liver conditions (e.g.,
hemochromatosis, autoimmune hepatitis, Wilson’s disease,
chronic viral hepatitis, primary biliary cholangitis, drug-
induced liver injury). To ensure diagnostic accuracy, all
patients enrolled in the study completed the AUDIT-C
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questionnaire, a validated screening tool for assessing
alcohol consumption. Cut-off score of >4 for men and >3
for women was used to identify hazardous alcohol use,
consistent with established recommendations for screening
alcohol-related risk in clinical populations [15]. This step was
essential for ruling out significant alcohol intake as a
contributor to liver injury. In addition, a comprehensive
laboratory work-up was performed for each participant to
identify potential alternative hepatic etiologies, including
viral hepatitis, autoimmune liver diseases, and drug-induced
liver injury.

MASLD was diagnosed in patients with evidence of
hepatic steatosis (CAP > 273 dB/m and the presence of at
least one of the following cardiometabolic risk factors, as
defined by the recent consensus criteria: body mass index
(BMI) > 25 kg/ m?, waist circumference >94 cm in men or
>80 cm in women, fasting plasma glucose >100 mg/dL, or
2-hour post-load glucose >140 mg/dL, or HbAlc >5.7%,
or a diagnosis of type 2 diabetes, or ongoing antidiabetic
therapy, blood pressure >130/85 mmHg or current use of
antihypertensive medication, triglyceride level >150 mg/dL
or treatment with lipid-lowering agents, HDL-cholesterol
<40 mg/dL in men or <50 mg/dL in women, or treatment
with lipid-modifying therapy [16].

To support the development of two novel predictive
scores, we also assessed hepatic steatosis using two widely
validated non-invasive indices: the Hepatic Steatosis Index
(HSI) and the Fatty Liver Index (FLI). These scores were
calculated for each patient in the study. The HSI was
determined using the following formula: HSI = 8 x (ALT/
ASTratio) + BMI + 2 (if the patient has type 2 diabetes) + 2
(if female). An HSI value greater than 36 has been shown to
predict the presence of hepatic steatosis with reasonable
accuracy. The FLI incorporates serum triglyceride levels,
BMI, gamma-glutamyltransferase, and waist circumference.
Interpretation of the FLI score is as follows: values <30
suggest a low probability of fatty liver, while scores >60 are
indicative of a high likelihood of hepatic steatosis.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics, version Version 22.0 (IBM SPSS Inc., Chicago, IL,
USA). Continuous variables were expressed as mean =+
standard deviation (SD), and categorical variables as
absolute frequencies and percentages. The normality of
distribution was assessed using the Kolmogorov-Smirnov
test. For comparisons between patients with and without
MASLD, the independent samples t-test or Mann—Whitney U
test was used for continuous variables, depending on data
distribution. The chi-squared (/%) test or Fisher’s exact test
was employed for categorical variables. To identify indepen-
dent predictors of MASLD in patients with IBD, a series of
univariate and multivariate logistic regression analyses were
conducted at each of the four clinical visits. Variables that
were statistically significant in multiple visits were selected
for the final multivariate model, prioritizing those with the
highest odds ratios and strongest significance. Based on the
multivariate regression results, two predictive models were
developed: an additive clinical score and a logistic regres-
sion-based score. The additive score was created by assign-
ing points proportional to the log-transformed odds ratios
(log[OR]) of significant predictors. The logistic score was
constructed using the exact B-coefficients of these variables.
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Receiver operating characteristic (ROC) curve analysis was
applied to evaluate the diagnostic performance of both
clinical scores, as well as the HSI, FLI, and CAP measured via
elastography. The area under the ROC curve (AUC),
sensitivity, specificity, and 95% confidence intervals (ClIs)
were reported. Positive predictive value (PPV) and negative
predictive value (NPV) were calculated using the standard
confusion matrix:

PPV = TP/ (TP + FP)
NPV = TN/(TN + FN)

A p-value < 0.05 was considered statistically significant.

B RESULTS

Patients characteristics

A total of 157 patients were included in the study. Patient
characteristics are shown in Table 1. Overall, 51.6% of
patients had UC and 48.4% of patients had CD. The mean
age of the entire cohort was 47.06 + 15.24 years. Most patients
were males (53%). At the inclusion in our study, median
duration of disease of the overall cohort was 6.62 years, with
significantly longer disease duration in the UC group
(p=0.001). Notably, patients with UC had a significantly
higher BMI compared to those with CD. Prior exposure to
biologic therapy was more frequent among patients with CD
compared to UC, and a similar pattern was noted for
ongoing biologic therapy (64.4% vs. 34.5%). Use of mesala-
mine was significantly more common in UC patients than in
those with CD, while the opposite trend was observed for
corticosteroid use and immunomodulators. Prior surgical
intervention was significantly more prevalent in the CD
group compared to the UC group (p < 0.001).

Archive of Clinical Cases

Characteristics of patients with MASLD

Table 2 summarizes the distribution of hepatic steatosis
etiologies across the 4 study visits. MASLD was by far the
most prevalent cause, with a consistently high proportion of
cases across all visits. At visit 1, MASLD accounted for 78.7%
of all identified etiologies, increasing to 82.0% at visit 2,
peaking at 84.1% at visit 3, and remaining dominant at 79.4%
by visit 4. This consistent predominance underscores
MASLD as the principal contributor to hepatic steatosis in
the study population. Other etiologies were notably less
frequent. ALD was the second most common cause but
affected a much smaller subset of patients, ranging from
8.8% to 159% across visits. Chronic hepatitis B virus
infection was detected in only 1-2% of cases per visit, while
autoimmune hepatitis, drug-induced liver injury, and pri-
mary sclerosing cholangitis each accounted for isolated cases
(<4%).

The analysis of cases diagnosed with MASLD between
visit 1 and visit 4 reveals that 22 patients (14%) devel-
oped this condition during the follow-up period, while 2
patients (1.3%) no longer met the diagnostic criteria for
MASLD at visit 4. A total of 35 patients (22.3%) maintained
the MASLD diagnosis from the first visit throughout the
study.

Table 3 contains the results of a comparative analysis that
was performed between patients with IBD and MASLD and
those without hepatic manifestations at the inclusion visit.
Patients with MASLD exhibited significantly higher BMI
values compared to those without liver involvement and
were more frequently male. The prevalence of metabolic
comorbidities was also significantly increased in the MASLD
group, including dyslipidemia (p = 0.025) and hypertension
(p 0.031), although there is no significant statistical
difference regarding the presence of type 2 diabetes. Patients

Table 1. Comparison of clinical and therapeutic parameters in UC and Crohn’s disease patients at the inclusion in the

studly.
Variable Total group (N=157) UC group (N=81) CD group (N=76) p-value
Age, (years) 47.06 +15.24 48.28+14.73 45.75+15.76 0.300
Male sex, n (%) 83 (52.8%) 42 (51.8%) 41 (53.9%) 0.802
BMI (kg/mz) 24.86+3.6 27.71+4.37 23.96+3.3 0.002
Disease duration, (years) 6.62+5.92 8.06+7.19 5.09 +3.60 0.001
Smoker, n (%) 18 (11.5%) 8 (9.9%) 10 (13.2%) 0.244
Former smoker, n (%) 29 (18.4%) 12 (14.8%) 17 (22.4%) 0.155
Prior biologic therapy, n (%) 32 (20.4%) 11 (13.6%) 21 (27.6%) 0.012
Mesalamine, n (%) 62 (39.5%) 49 (60.5%) 13 (17.1%) <0.001
Corticosteroids, n (%) 24 (15.3%) 6 (7.4%) 18 (23.6%) 0.043
Immunomodulators, n (%) 22 (14.0%) 6 (7.4%) 16 (21.1%) 0.013
Ongoing biologic therapy, n (%) 79 (50.3%) 28 (34.5%) 49 (64.4%) <0.001
Prior surgery, n (%) 16 (10.1%) 2 (2.4%) 14 (18.4%) <0.001
BMI — body mass index.
Table 2. Etiology of hepatic steatosis in the study group.
Variable Visit 1 Visit 2 Visit 3 Visit 4
Primary sclerosing cholangitis - 1(1.6%) 1(1.5%)
Drug induced liver injury 2 (3.5%) 1(1.6%) 1(1.5%)
Autoimmune hepatitis - 1(1.8%) 1(1.6%) 1(1.5%)
Chronic hepatitis B 1(2.1%) 1(1.8%) 1(1.6%) 1(1.5%)
ALD 6 (12.8%) 6 (10.5%) 6 (15.9%) 6 (8.8%)
MASLD 37 (78.7%) 48 (82%) 54 (84.1%) 57 (79.4%)
Cryptogenic SLD 3 (6.4%) - - 1(1.5%)

SLD - steatotic liver disease, ALD — alcoholic liver disease, MASLD - metabolic dysfunction-associated steatotic liver disease.
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Table 3. Comparison of demographic, metabolic, and clinical variables between IBD patients with MASLD and those

without hepatic manifestations at visit 1.

Variable NO HEPATIC MANIFESTATIONS (N=91) MASLD (N=37) p-value
BMI (kg/m?) 24.25+3.45 26.86+3.37 <0.001
Male sex, n (%) 52 (57.2%) 27 (72.9%) 0.021
Smoker status* 28 (30.7%) 17 (45.9%) 0.037
Dyslipidemia, n (%) 33 (36.2%) 29 (78.3%) 0.025
Hypertension, n (%) 22 (24.1%) 15 (40.5%) 0.031
Type 2 diabetes, n (%) 10 (10.9%) 6 (16.2%) 0.082
Age at diagnosis (years) 39.47 £9.08 44.75+11.34 0.043
Disease duration (years) 5.62+4.7 9.89+8.03 <0.001
Number of flares of disease 1.55+0.83 2.08+1.08 0.002
Prior immunomodulator therapy duration (months) 1.81+£5.65 4,97 +£9.81 0.015
Actual biologic therapy duration (months) 13.26 £ 20.31 12.65+21.61 0.087
Number of prior corticosteroid treatments 1.16+0.76 2.78£1.66 0.012
Number of episodes of Clostridiodes difficile infection 1.38+0.67 1.86+1.05 0.001
Mayo score 1.31+£2.33 0.83+1.19 0.233
CDAI score 71.21+£79.26 34.24+53.4 0.009
Harvey Bradshay Index 2.83+£3.44 1.32+2.06 0.013
Calprotectin level (ug/g) 313.90+£101.2 258.99+92 0.048

MASLD -- metabolic dysfunction-associated steatotic liver disease, BMI — body mass index, CDAI - Crohn’s Disease Activity Index.

*active or former smoker.

Table 4. Independent predictors for MASLD development in patients with IBD and assigned point values based on log

(OR).

Parameter OR Log (OR) Cl 95% p Assigned point
IBD duration > 5 years 2.162 0.77 1.345-3.478 0.002 1
Smoker status* 3.551 1.27 1.876-6.723 0.001 2

BMI > 24.9 kg/m? 1.992 0.69 1.234-3.215 0.004 1

Male sex 1.544 0.43 1.102-2.163 0.012 1

>2 flares of disease 1.214 0.19 1.045-1.410 0.013 1
Dyslipidemia 2.819 1.04 1.678-4.735 0.001 2
Hypertension 2.772 1.02 1.198-3.621 0.005 2

>3 corticosteroid courses (history) 1.702 0.53 1.034-7.221 0.036 1

IBD - inflammatory bowel disease.
*active or former smoker.

with MASLD were diagnosed with IBD at an older age (p =
0.043), had a significantly longer disease duration (p <
0.001), and experienced more frequent disease flares (p =
0.002). The MASLD group also had longer exposure to
therapy with immunomodulators (p = 0.015) and a greater
number of previous corticosteroid treatment courses (p =
0.012). Moreover, recurrent Clostridioides difficile infection was
more common among MASLD patients (p = 0.001).

Although clinical disease activity scores such as the Mayo
score and calprotectin levels were not significantly different,
patients with MASLD had lower CDAI scores (p = 0.009) and
Harvey-Bradshaw Index values (p = 0.013), suggesting a
paradoxical profile of metabolic burden despite lower clinical
disease activity.

Risk factors for developing MASLD in patients with
IBD

To determine the most relevant risk factors for the
development of MASLD in patients with IBD, we conducted
a series of univariate and multivariate logistic regression
analyses across all four clinical visits. This longitudinal
design enabled us to evaluate not only the statistical
significance of individual variables but also the consistency
of their predictive capacity over time. Parameters that
showed significant associations with MASLD at multiple

time points were deemed robust and were incorporated into
the final multivariate model.

The results, summarized in Table 4, underscore the multi-
factorial nature of MASLD pathogenesis in IBD. Specifically,
both disease-related and metabolic factors emerged as strong
independent predictors. Among them, smoking status
demonstrated the highest odds ratio (OR = 3.551, 95% CIL:
1.876-6.723, p = 0.001), suggesting that active or former
smoking significantly increases the risk of MASLD in this
population. Similarly, traditional cardiometabolic comorbid-
ities such as dyslipidemia (OR = 2.819) and hypertension
(OR = 2.772) were also strongly associated with MASLD
occurrence, further supporting the metabolic underpinning
of this hepatic phenotype.

Prolonged disease duration (IBD > 5 years; OR = 2.162,
p = 0.002), increased BMI (>24.9 kg/m?* OR = 1.992), and
male sex (OR = 1.544) were other significant contributors.
Notably, a history of frequent disease flares (>2) and
cumulative corticosteroid exposure (>3 lifetime courses)
also independently predicted MASLD, highlighting the
potential hepatotoxic burden of systemic inflammation and
pharmacological treatment. These findings suggest that
MASLD in IBD patients is not solely a metabolic complica-
tion but rather the result of a complex interplay between
chronic inflammation, therapeutic exposures, and under-
lying metabolic risk.
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Development and performance of two IBD tailored
predictive scores for MASLD

Two prediction models were developed: an additive
clinical score and a logistic regression-based score.

Additive Clinical Score. Each variable was assigned a
score proportional to the logarithmic value of its odds ratio
(Table 4). To identify clinically relevant thresholds, the
additive score was tested at multiple cut-off levels (>3,
=6, >7), and sensitivity, specificity, as well as PPV and VPN
were calculated using the standard confusion matrix
(Table 5).

A cut-off of >3 showed moderate sensitivity (36.1%) and
a high NPV (82%), supporting its use as a useful tool for
excluding MASLD in a clinical screening context. In contrast,
stricter thresholds (=6 and >7) demonstrated perfect
specificity (100%) but zero sensitivity (0%), indicating that
no patients were classified as having MASLD at these levels.
In other words, these thresholds produced no false positives
(FP = 0) but also failed to identify true positive cases (TP = 0).
Therefore, while they may be valuable for confirming high-
risk cases, they are not suitable for screening purposes.

Logistic Regression Score. The logistic score was
constructed using the regression coefficients (logarithmic
values of the Odds Ratios) obtained from the multivariate
logistic regression analysis (Table 4). Each predictor con-
tributes a weighted component to the final score, propor-
tional to its individual effect size (log[OR]). The score,
referred to as MASLD-IBD SCORE, is calculated using the
following formula:

MASLD-IBD SCORE = 0.77 x (IBD > 5 years) + 1.27 x
Smoker + 0.69 x (BMI > 24.9) + 043 x (Male) + 0.19 x
(>2 flares) + 1.04 x (Dyslipidemia) + 1.02 x (Hyperten-
sion) + 0.53 x (>3 corticosteroid courses)

Each variable is binary (coded as 0 = no, 1 = yes). The
score thus represents a linear combination of risk factors,
each multiplied by their corresponding weight. To translate
this score into a probability, estimate for MASLD, the logistic
function is applied:

P(MASLD) =1/ (1 + €*(- MASLD SCORE -))

Table 6 presents a comparative analysis of the diagnostic
performance of the newly developed scores alongside

Table 5. The performance of the additive clinical score.

Cut-off Sensitivity Specificity PPV NPV
3.0 0.361 0.94 0.65 0.82
6.0 0.00 1.00 0.00 0.76
7.0 0.00 1.00 0.00 0.76

VPP - positive predictive values, VPN — negative predictive values.
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established tools such as HSI, FLI, and CAP, which are
routinely used in clinical practice.

The HSI demonstrated a modest discriminative ability,
with an AUC of 0.671 (95% CI: 0.596-0.745, p < 0.001),
a sensitivity of 61.1%, and a specificity of 59.0% at the
conventional cut-off of 36. FLI showed slightly improved
performance, with an AUC of 0.701 (95% CI: 0.629-0.774,
p < 0.001), and a higher specificity (77.8%) but lower
sensitivity (50.0%) at the 60-point threshold. In comparison,
the additive clinical score developed in the current study
outperformed both existing indices, achieving an AUC
of 0.757 (95% CI: 0.689-0.825, p < 0.001). At a cut-off of
>3 points, it yielded a good sensitivity (36.1%) but high
specificity (94%), making it particularly suited for screening
purposes. The logistic regression-based score showed good
specificity (45.3%) among the clinical models, with better
sensitivity (86.1%). Its AUC was 0.762 (95% CI: 0.694-0.829,
p < 0.001), suggesting a good balance between discrimina-
tion and clinical applicability for confirmatory diagnosis.
Finally, the CAP measurement (>273 dB/m) exhibited the
best overall diagnostic performance, with an AUC of 0.957
(95% CI: 0.925-0.989, p < 0.001), and perfect sensitivity
(100%) and high specificity (91.5%).

The diagnostic accuracy of previously validated clinical
indices (HSI and FLI), the two prediction scores developed in
this study (additive and logistic), and CAP measured by elasto-
graphy were assessed through ROC curve analysis (Figure 1).
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(]
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0.4}
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—— HSI (AUC = 0.67)
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oof 4 R
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1 - Specificity

Fig. 1. ROC curves for clinical and imaging-based scores used in

the prediction of MASLD in patients with IBD.

Table 6. Comparative performance of clinical and imaging-based predictive tools.

Score Cut-off AUC p 95% CI Sensitivity Specificity
HSI 36 0.671 <0.001 0.596-0.745 0.611 0.590
FLI 60 0.701 <0.001 0.629-0.774 0.500 0.778
Additive score 3 0.757 <0.001 0.689-0.825 0.361 0.940
Logistic score 3.5 0.762 <0.001 0.694-0.829 0.861 0.453
CAP >273 dB/m 0.957 <0.001 0.925-0.989 1.000 0.915

HIS- hepatic steatosis index, FLI — fatty liver index, CAP — controlled attenuation parameter.
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B DISCUSSIONS

The findings of the present study provide valuable insights
into the relationship between IBD and the development of
MASLD, as well as the identification of specific predictive
parameters for this patient population. By developing two
clinical scoring systems: the additive and the logistic one.
This work establishes a practical framework for risk
stratification of MASLD among IBD patients, demonstrating
superior performance compared to previously validated
indices such as the HSI and the FLI

The increasing prevalence of MASLD in patients with IBD
may be partly attributed to the expanded use of advanced
diagnostic techniques, such as transient elastography, as well
as to evolving IBD phenotypes and the growing burden of
obesity associated with IBD [17].

Our observed MASLD prevalence aligns with the growing
body of evidence indicating that hepatic steatosis is increas-
ingly recognized in IBD populations. Zamani et al. reported
a pooled prevalence of approximately 30.7% in a recent
meta-analysis, while Navarro et al. described a prevalence of
24.4% across multiple studies [18,19].

The prevalence of MASLD can vary across studies
depending on the utilization of certain non-invasive imaging
techniques, and regarding transient elastography some
studies prevalences up to 42% [20]. These findings, consistent
with our results, suggest that the rising prevalence may
partly reflect improved diagnostic modalities as well as
evolving IBD phenotypes characterized by increasing rates of
obesity and metabolic comorbidities.

A major strength of our study lies in the comprehensive
evaluation of both metabolic and IBD-specific risk factors
contributing to MASLD development. Traditional metabolic
syndrome components such as BMI, dyslipidemia, and
hypertension were confirmed as independent predictors,
consistent with prior studies [20-22]. However, our long-
itudinal multivariate analysis also identified several IBD-
specific parameters—disease duration exceeding five years,
cumulative corticosteroid exposure, increased number of
disease flares, and smoking status—that independently
contributed to MASLD risk. Smoking negatively influences
both MASLD and IBD through multiple pathogenic mechan-
isms. In MASLD, cigarette smoke promotes hepatic steatosis
by impairing AMPK signaling, upregulating SREBP path-
ways, increasing lipogenesis, oxidative stress, and mitochon-
drial dysfunction, ultimately accelerating liver fibrosis
progression [23]. In IBD, smoking is a well-established risk
factor for more severe Crohn’s disease, contributing to
increased complications, need for surgery, and poorer long-
term outcomes [24]. Moreover, smoking amplifies systemic
inflammation, which may synergistically worsen both
intestinal and hepatic disease [25,26]. These findings under-
score the importance of considering chronic systemic
inflammation and pharmacologic exposures unique to IBD
when assessing liver disease risk, a dimension that is often
overlooked by conventional MASLD scoring systems.

The two predictive models developed in this study
demonstrated superior diagnostic performance compared
to existing indices. The additive clinical score, based on
simplified point allocations proportional to log(OR) values,
exhibited high sensitivity, making it particularly valuable as
a screening tool in clinical settings where non-invasive
imaging modalities may not be readily available. Conversely,
the logistic regression-based score, incorporating exact
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multivariate regression coefficients, displayed excellent
specificity, supporting its use in diagnostic confirmation.
Notably, both models outperformed the widely used HSI
and FLI, which demonstrated only modest discriminative
abilities in our cohort, as previously reported in other IBD
populations [19]. The logistic score, derived from log(OR)
coefficients, achieved an AUROC of 0.762, while the additive
score reached 0.757, both clearly outperforming HSI (0.671)
and FLI (0.701), and approaching the diagnostic accuracy of
CAP >273 dB/m (AUROC = 0.957), a finding already
reported in the literature [19].

Beyond statistical performance, these models have impor-
tant clinical implications. MASLD may progress silently in
IBD patients, potentially leading to advanced fibrosis,
cirthosis, and hepatocellular carcinoma if not recognized
early [27,28]. The identification of patients at high risk
through accessible clinical scoring systems could facilitate
early lifestyle interventions, closer monitoring, and targeted
therapeutic strategies aimed at mitigating liver-related
morbidity [29]. Moreover, considering the rising utilization
of biologic agents and immunosuppressants in IBD, accurate
assessment of hepatic risk becomes increasingly relevant in
long-term disease management.

Our findings also contribute to the evolving understand-
ing of MASLD pathogenesis in IBD. While metabolic
dysfunction remains a key driver, accumulating evidence
suggests that gut dysbiosis, intestinal barrier dysfunction,
and chronic intestinal inflammation may exert additional
effects on hepatic steatosis development, independent of
classic metabolic risk factors [29]. Multiple studies have
emphasized the relevance of the gut-liver axis in mediating
hepatic injury in IBD patients [31-33]. Two broad categories
of risk factors appear to contribute to MASLD in this
population: those related to metabolic syndrome and those
associated with IBD characteristics. These factors likely
reflect two distinct phenotypes of MASLD in IBD: the
“traditional” metabolically driven MASLD and a more IBD-
specific variant, potentially driven by enhanced gut-liver
axis interactions, dysbiosis, and fewer metabolic abnormal-
ities [34].

The clinical feasibility of implementing the proposed
MASLD-IBD predictive scores in resource-limited settings
is particularly noteworthy. Given the widespread limitations
in accessing advanced imaging modalities such as transient
elastography in low-income and rural healthcare environ-
ments, reliance on simple, non-invasive, and cost-effective
tools becomes imperative. The additive score, derived from
readily available clinical variables, such as BMI, smoking
history, hypertension, and corticosteroid exposure, can be
calculated at the point of care without requiring specialized
laboratory equipment or advanced diagnostic infrastructure.
This makes it a highly accessible screening tool suitable for
primary and secondary care facilities in under-resourced
regions. Similarly, the logistic regression-based score, while
slightly more complex in computation, retains feasibility
with basic digital tools or clinical calculators. These tools
thus offer scalable, reproducible, and clinically actionable
methods to identify high-risk individuals, enabling earlier
intervention and prioritization for referral to specialized care.

Several strengths support the validity of our findings. The
retrospective—prospective longitudinal design with serial
assessments across four clinical visits allowed for robust
identification of consistent predictors. The inclusion of both
metabolic and disease-specific variables in our models offers
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a more comprehensive assessment compared to existing
indices. Furthermore, the development of both an additive
and logistic score provides flexibility for both screening and
confirmatory diagnostic purposes. However, certain limita-
tions must be acknowledged. This was a single-center study
with a relatively limited sample size, which may affect
generalizability. ~Although transient elastography was
employed for non-invasive steatosis assessment, liver
biopsy—the reference standard—was not routinely per-
formed. A major limitation of the study is the absence of
internal validation (e.g., bootstrapping or cross-validation
within the cohort) to test model stability, as well as the lack
of external validation in independent cohorts to assess
generalizability. Future studies incorporating validation
techniques, genetic factors, microbiome profiling, and
dynamic changes in metabolic parameters over time could
further refine risk stratification.

B CONCLUSION

In conclusion, MASLD represents an increasingly preva-
lent and clinically relevant comorbidity in patients with IBD.
The novel predictive models developed in this study offer
practical tools for early identification of high-risk indivi-
duals, incorporating both metabolic and IBD-specific deter-
minants of disease. Their implementation may facilitate
personalized management strategies and ultimately improve
long-term hepatic outcomes in this growing patient
population.

Informed consent

This study was conducted in accordance with the
Declaration of Helsinki, and approved by the Ethics
Committee of St. Spiridon Hospital Iasi (protocol code 123,
date of approval 21 December 2023). Written informed
consent was obtained from all patients included in this study.

Funding

No fundings to declare.

Conflict of interests
The authors do not have any conflict of interest to declare.

B REFERENCES

1. Friedrich M, Pohin M, Powrie F. Cytokine Networks in the Patho-
physiology of Inflammatory Bowel Disease. Immunity. 2019 Apr
16;50(4):992-1006. PMID: 30995511. doi: 10.1016/j.immuni.2019.
03.017

2. Hracs L, Windsor JW, Gorospe ], et al. Global IBD Visualization of
Epidemiology Studies in the 21st Century (GIVES-21) Research
Group. Global evolution of inflammatory bowel disease across epi-
demiologic stages. Nature. 2025 Jun;642(8067):458-466. PMID:
40307548; PMCID: PMC12158780. doi: 10.1038/541586-025-08940-0

3. Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and pre-
valence of inflammatory bowel disease in the 21st century: a sys-
tematic review of population-based studies. Lancet. 2017 Dec 23;390
(10114):2769-2778. doi: doi: 10.1016/50140-6736(17)32448-0. Erratum
in: Lancet. 2020 Oct 3;396(10256):e56. PMID: 29050646. doi: 10.1016/
50140-6736(20)32028-6

4. Shouval DS, Rufo PA. The Role of Environmental Factors in the
Pathogenesis of Inflaimmatory Bowel Diseases: A Review. JAMA
Pediatr. 2017 Oct 1;171(10):999-1005. PMID: 28846760. doi: 10.1001/
jamapediatrics.2017.2571

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Archive of Clinical Cases

Ramos GP, Papadakis KA. Mechanisms of Disease: Inflammatory
Bowel Diseases. Mayo Clin Proc. 2019 Jan;94(1):155-165. PMID:
30611442; PMCID: PMC6386158. doi: 10.1016/j.mayocp.2018.09.013
Kaplan GG, Windsor JW. The four epidemiological stages in the
global evolution of inflammatory bowel disease. Nat Rev Gastro-
enterol Hepatol. 2021 Jan;18(1):56-66. PMID: 33033392; PMCID:
PMC7542092. doi: 10.1038/541575-020-00360-x

Danpanichkul P, Suparan K, Dutta P, et al. Disparities in metabolic
dysfunction-associated steatotic liver disease and cardiometabolic
conditions in low and lower middle-income countries: a systematic
analysis from the global burden of disease study 2019. Metabolism.
2024 Sep; 158:155958. PMID: 38942169. doi: 10.1016/j.metabol.2024.
155958

Danpanichkul P, Auttapracha T, Sukphutanan B, et al. The Burden of
Overweight and Obesity-Associated Gastrointestinal Cancers in Low
and Lower-Middle-Income Countries: A Global Burden of Disease
2019 Analysis. Am | Gastroenterol. 2024 Jun 1;119(6):1177-1180. PMID:
38900306. doi: 10.14309/ajg.0000000000002819

Nurez F P, Castro F, Mezzano G, et al. Hepatobiliary manifestations
in inflammatory bowel disease: A practical approach. World |
Hepatol. 2022 Feb 27;14(2):319-337. PMID: 35317174; PMCID:
PM(C8891676. doi: 10.4254/wijh.v14.i2.319

Schnabl B, Damman CJ, Carr RM. Metabolic dysfunction-asso-
ciated steatotic liver disease and the gut microbiome: pathogenic
insights and therapeutic innovations. | Clin Invest. 2025 Apr 1;135(7):
€186423. PMID: 40166938, PMCID: PMC11957707. doi: 10.1172/
JCI186423

Maaser C, Sturm A, Vavricka SR, et al. ECCO-ESGAR Guideline for
Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of
known IBD, detection of complications. ] Crohns Colitis. 2019 Feb 1;
13(2):144-164. PMID: 30137275. doi: 10.1093/ecco-jcc/jjy113
Khanna R, Son S, Zou G, et al. Estimation of the Harvey Bradshaw
Index from the Patient-Reported Outcome 2 in Crohn’s Disease:
Results Based on a Large Scale Randomized Controlled Trial.
Inflamm Bowel Dis. 2024 Dec 4:izae281. doi: 10.1093/ibd/izae281.
Erratum in: Inflamm Bowel Dis. 2025 Feb 11: izaf014. PMID:
39656815. doi: 10.1093/ibd /izaf014

Jia S, Zhou J, Zhang Q, et al. Clinical research of fibroscan — TE-CAP
at noninvasive diagnosis of hepatic steatosis in children. Clinics
(Sao Paulo). 2024 May 27; 79:100387. PMID: 38805982; PMCID:
PMC11152890. doi: 10.1016/j.clinsp.2024.100387

Wong VW, Vergniol J, Wong GL, et al. Diagnosis of fibrosis and
cirrhosis using liver stiffness measurement in nonalcoholic fatty liver
disease. Hepatology. 2010 Feb;51(2):454-62. PMID: 20101745. doi:
10.1002/hep.23312

Frank D, DeBenedetti AF, Volk R], et al. Effectiveness of the AUDIT-
C as a screening test for alcohol misuse in three race/ethnic groups.
J Gen Intern Med. 2008 Jun;23(6):781-7. PMID: 18421511; PMCID:
PMC2517893. doi: 10.1007/s11606-008-0594-0

Rinella ME, Lazarus JV, Ratziu V, et al. NAFLD Nomenclature con-
sensus group. A multisociety Delphi consensus statement on new
fatty liver disease nomenclature. Ann Hepatol. 2024 Jan-Feb;29(1):
101133. PMID: 37364816. doi: 10.1016/j.achep.2023.101133

Khakoo NS, Ioannou S, Khakoo NS, et al. Impact of Obesity on
Inflammatory Bowel Disease. Curr Gastroenterol Rep. 2022 Jan;
24(1):26-36. PMID: 35150406. doi: 10.1007 /511894-022-00840-x
Zamani M, Alizadeh-Tabari S, Singh S, et al. Meta-analysis: pre-
valence of, and risk factors for, non-alcoholic fatty liver disease in
patients with inflammatory bowel disease. Aliment Pharmacol Ther.
2022 Apr;55(8):894-907. PMID: 35274325; PMCID: PM(C9297733. doi:
10.1111/apt.16879

Navarro P, Gutiérrez-Ramirez L, Tejera-Mufioz A, et al. Systematic
Review and Meta-Analysis: Prevalence of Non-Alcoholic Fatty Liver
Disease and Liver Fibrosis in Patients with Inflammatory Bowel
Disease. Nutrients. 2023 Oct 24;15(21):4507. PMID: 37960160;
PMCID: PMC10648917. doi: 10.3390/nu15214507

Sartini A, Gitto S, Villa E. Does Metabolic Syndrome and Not the
Inflammatory Load Predict Nonalcoholic Fatty Liver Disease Severity
in Inflammatory Bowel Disease Patients? Dig Dis Sci. 2017 Sep;62(9):
2604-2606. PMID: 28676901. doi: 10.1007 /510620-017-4665-0

DOI: 10.22551/2025.48.1203.10321

108

Arch Clin Cases 2025; 12(3):102-109


https://doi.org/10.1016/j.immuni.2019.03.017
https://doi.org/10.1016/j.immuni.2019.03.017
https://doi.org/10.1038/s41586-025-08940-0
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1016/S0140-6736(20)32028-6
https://doi.org/10.1016/S0140-6736(20)32028-6
https://doi.org/10.1001/jamapediatrics.2017.2571
https://doi.org/10.1001/jamapediatrics.2017.2571
https://doi.org/10.1016/j.mayocp.2018.09.013
https://doi.org/10.1038/s41575-020-00360-x
https://doi.org/10.1016/j.metabol.2024.155958
https://doi.org/10.1016/j.metabol.2024.155958
https://doi.org/10.14309/ajg.0000000000002819
https://doi.org/10.4254/wjh.v14.i2.319
https://doi.org/10.1172/JCI186423
https://doi.org/10.1172/JCI186423
https://doi.org/10.1093/ecco-jcc/jjy113
https://doi.org/10.1093/ibd/izae281
https://doi.org/10.1093/ibd/izaf014
https://doi.org/10.1016/j.clinsp.2024.100387
https://doi.org/10.1002/hep.23312
https://doi.org/10.1007/s11606-008-0594-0
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1007/s11894-022-00840-x
https://doi.org/10.1111/apt.16879
https://doi.org/10.3390/nu15214507
https://doi.org/10.1007/s10620-017-4665-0
https://doi.org/10.22551/2025.48.1203.10321

www.clinicalcases.eu

21.

22.

23.

24.

25.

26.

27.

Rodriguez-Duque JC, Calleja JL, Iruzubieta P, et al. Increased risk
of MAFLD and Liver Fibrosis in Inflammatory Bowel Disease
Independent of Classic Metabolic Risk Factors. Clin Gastroenterol
Hepatol. 2023 Feb;21(2):406-414.e7. PMID: 35124272. doi: 10.1016/
j.cgh.2022.01.039

Zhang Q, Xu F, Wang Z, et al. Long-Term Risk of Inflammatory
Bowel Disease With MASLD: A Large-Scale Prospective Cohort
Study in UK Biobank. | Gastroenterol Hepatol. 2025 Apr;40(4):855-865.
PMID: 39828371. doi: 10.1111/jgh.16880

Xu J, Li Y, Feng Z, Chen H. Cigarette Smoke Contributes to the
Progression of MASLD: From the Molecular Mechanisms to Therapy.
Cells. 2025 Feb 4;14(3):221. PMID: 39937012; PMCID: PMC11816580.
doi: 10.3390/ cells14030221

Chen BC, Weng MT, Chang CH, et al. Effect of smoking on the
development and outcomes of inflammatory bowel disease in Tai-
wan: a hospital-based cohort study. Sci Rep. 2022 May 10;12(1):7665.
PMID: 35538186, PMCID: PMC9090732. doi: 10.1038/s41598-022-
11860-y

Derella CC, Tingen MS, Blanks A, et al. Smoking cessation reduces
systemic inflammation and circulating endothelin-1. Sci Rep. 2021
Dec 16;11(1):24122. PMID: 34916543; PMCID: PMC8677816. doi:
10.1038/541598-021-03476-5

Qiu X, Shen S, Jiang N, et al. Associations between systemic
inflammatory biomarkers and metabolic dysfunction associated
steatotic liver disease: a cross-sectional study of NHANES 2017-2020.
BMC Gastroenterol. 2025 Jan 29;25(1):42. PMID: 39881239; PMCID:
PMC11776320. doi: 10.1186/s12876-025-03625-4

Saroli Palumbo C, Restellini S, Chao CY, et al. Screening for Non-
alcoholic Fatty Liver Disease in Inflammatory Bowel Diseases:
A Cohort Study Using Transient Elastography. Inflamm Bowel Dis.
2019 Jan 1;25(1):124-133. PMID: 29889226. doi: 10.1093/ibd/izy200

28.

29.

30.

31.

32.

33.

34.

Archive of Clinical Cases

Chen YT, Chen TI, Yang TH, et al. Long-term Risks of Cirrhosis
and Hepatocellular Carcinoma Across Steatotic Liver Disease
Subtypes. Am | Gastroenterol. 2024 Nov 1;119(11):2241-2250. PMID:
38534155; PMCID: PMC11524626. doi: 10.14309/ajg.00000000000
02778

Eslam M, Newsome PN, Sarin SK, et al. A new definition for
metabolic dysfunction-associated fatty liver disease: An international
expert consensus statement. | Hepatol. 2020 Jul;73(1):202-209. PMID:
32278004. doi: 10.1016/j.jhep.2020.03.039

Tilg H, Cani PD, Mayer EA. Gut microbiome and liver diseases. Gut.
2016 Dec;65(12):2035-2044. PMID: 27802157. doi: 10.1136/gutjnl-
2016-312729

Tripathi A, Debelius J, Brenner DA, et al. The gut-liver axis and
the intersection with the microbiome. Nat Rev Gastroenterol
Hepatol. 2018 Jul;15(7):397-411. doi: 10.1038/s41575-018-0011-z.
Erratum in: Nat Rev Gastroenterol Hepatol. 2018 Dec;15(12):785.
PMID: 29748586; PMCID: PMC6319369. doi: 10.1038/s41575-018-
0031-8

Abdelhameed F, Mustafa A, Kite C, et al. Gut Microbiota and
Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD):
Emerging Pathogenic Mechanisms and Therapeutic Implications.
Livers. 2025; 5(1):11, doi: 10.3390/1ivers5010011

Quesada-Vazquez S, Bone C, Saha S, et al. Microbiota Dysbiosis and
Gut Barrier Dysfunction Associated with Non-Alcoholic Fatty Liver
Disease Are Modulated by a Specific Metabolic Cofactors” Combi-
nation. Int | Mol Sci. 2022 Nov 8;23(22):13675. PMID: 36430154;
PMCID: PMC9692973. doi: 10.3390/ijms232213675

Fousekis FS, Katsanos KH, Theopistos VI, et al. Hepatobiliary and
pancreatic manifestations in inflammatory bowel diseases: a referral
center study. BMC Gastroenterol. 2019 Apr 3;19(1):48. PMID:
30943899; PMCID: PMC6446300. doi: 10.1186/s12876-019-0967-3

DOI: 10.22551/2025.48.1203.10321

109

Arch Clin Cases 2025; 12(3):102-109


https://doi.org/10.1016/j.cgh.2022.01.039
https://doi.org/10.1016/j.cgh.2022.01.039
https://doi.org/10.1111/jgh.16880
https://doi.org/10.3390/cells14030221
https://doi.org/10.1038/s41598-022-11860-y
https://doi.org/10.1038/s41598-022-11860-y
https://doi.org/10.1038/s41598-021-03476-5
https://doi.org/10.1186/s12876-025-03625-4
https://doi.org/10.1093/ibd/izy200
https://doi.org/10.14309/ajg.0000000000002778
https://doi.org/10.14309/ajg.0000000000002778
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1136/gutjnl-2016-312729
https://doi.org/10.1136/gutjnl-2016-312729
https://doi.org/10.1038/s41575-018-0011-z
https://doi.org/10.1038/s41575-018-0031-8
https://doi.org/10.1038/s41575-018-0031-8
https://doi.org/10.3390/livers5010011
https://doi.org/10.3390/ijms232213675
https://doi.org/10.1186/s12876-019-0967-3
https://doi.org/10.22551/2025.48.1203.10321

	title_link
	Introduction
	Material and Methods
	Patients
	Diagnostic criteria
	Statistical Analysis

	Results
	Patients characteristics
	Characteristics of patients with MASLD

	 Table 1.. Comparison of clinical and therapeutic parameters in UC and Crohn's disease patients at the inclusion in the study
	 Table 2.. Etiology of hepatic steatosis in the study group
	Risk factors for developing MASLD in patients with IBD

	 Table 3.. Comparison of demographic, metabolic, and clinical variables between IBD patients with MASLD and those without hepatic manifestations at visit 1
	 Table 4.. Independent predictors for MASLD development in patients with IBD and assigned point values based on loglparORrpar
	Development and performance of two IBD tailored predictive scores for MASLD
	Additive Clinical Score
	Logistic Regression Score


	Discussions
	 Table 5.. The performance of the additive clinical score
	 Table 6.. Comparative performance of clinical and imaginghyphenbased predictive tools
	ROC curves for clinical and imaginghyphenbased scores used in the prediction of MASLD in patients with IBD
	Discussions
	Conclusion
	Informed consent
	Funding
	Conflict of interests

	References


