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Abstract 

Background Inflammatory bowel disease (IBD) patients have a higher risk of metabolic dysfunction-associated fatty 
liver disease (MAFLD) compared with the general population. However, it is not known whether available non-inva-
sive hepatic steatosis scores are useful in predicting MAFLD in IBD patients. We aimed to analyze the performances 
of MAFLD screening score (MAFLD-S), Fatty Liver Index (FLI), Hepatic Steatosis Index (HSI) and Clinical Prediction Tool 
for NAFLD in Crohn’s Disease (CPN-CD), in identifying MAFLD in IBD patients.

Methods A cross-sectional study was carried out including consecutive adult IBD outpatients submitted to transient 
elastography (TE). MAFLD criteria were assessed, and hepatic steatosis (HS) was defined by a controlled attenuation 
parameter (CAP) >248 dB/m using TE. MAFLD-S, FLI, HSI, and CPN-CD were calculated and their accuracy for the pre-
diction of MAFLD was evaluated through their areas under the receiver-operating characteristic (AUROC) curves.

Results Of 168 patients, body mass index ≥25, type 2 diabetes mellitus, dyslipidemia and arterial hypertension were 
present in 76 (45.2%), 10 (6.0%), 53 (31.5%), 20 (11.9%), respectively. HS was identified in 77 (45.8%) patients, of which 
65 (84.4%) fulfilled MAFLD criteria. MAFLD-S (AUROC, 0.929 [95% CI, 0.888-0.971]) had outstanding and FLI (AUROC, 
0.882 [95% CI, 0.830–0.934]), HSI (AUROC, 0.803 [95% CI, 0.736–0.871]), and CPN-CD (AUROC, 0.822 [95% CI, 0.753–
0.890) had excellent discrimination in predicting MAFLD.

Conclusions MAFLD-S, FLI, HSI and CPN-CD scores can accurately identify MAFLD in IBD patients, allowing the selec-
tion of those in whom hepatic steatosis and metabolic risk factors assessment may be particularly beneficial.

Keywords Metabolic dysfunction-associated fatty liver disease, Inflammatory bowel disease, Nonalcoholic fatty liver 
disease, Non-invasive scores

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Gastroenterology

*Correspondence:
Tiago Lima Capela
tiagolimacapela@gmail.com
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-8010-4410
http://orcid.org/0000-0001-8001-9067
http://orcid.org/0000-0002-1782-6373
http://orcid.org/0000-0001-5540-6452
http://orcid.org/0000-0002-2921-0648
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-023-02988-w&domain=pdf


Page 2 of 14Capela et al. BMC Gastroenterology          (2023) 23:437 

Introduction
Inflammatory bowel disease (IBD), comprising Crohn’s 
disease (CD) and ulcerative colitis (UC), is increasing 
across the globe with higher incidence and prevalence in 
North America and Western/Northern Europe [1].

Liver disease is a common comorbidity in IBD patients 
and nonalcoholic fatty liver disease (NAFLD) is an 
emerging cause of concern in this population [2]. NAFLD 
was recently redefined as metabolic dysfunction-associ-
ated fatty liver disease (MAFLD). Its diagnosis is based 
on histological, imaging or blood biomarkers evidence 
of hepatic steatosis (HS), in addition to one of the fol-
lowing three clinical criteria: overweight/ obesity, pres-
ence of type 2 diabetes mellitus (T2DM), or evidence of 
metabolic dysregulation, independently of the amount of 
alcohol consumed or other liver diseases [3]. Despite the 
novelty of this definition, its use has not been universally 
accepted worldwide, and most data on this condition 
come from studies using the previous definition [4].

In a recent meta-analysis, a pooled prevalence of 30.7% 
for NAFLD was found in patients with IBD worldwide, 
with the risk of NAFLD being two times higher in IBD 
patients compared with healthy subjects [5]. Additionally, 
no significant difference was observed in the odds ratio of 
NAFLD among CD patients compared with UC patients. 
The pooled prevalence of advanced liver fibrosis in IBD 
patients with NAFLD was 13.6%. Regardless of the influ-
ence of classic metabolic risk factors, IBD patients have 
an increased risk of NAFLD and liver fibrosis than gen-
eral population [2].

The pathogenesis of MAFLD among the IBD popu-
lation is not well understood [6]. Several studies have 
addressed the mechanisms underlying the association 
between MAFLD and IBD. While some of them indicate 
that the diagnosis of MAFLD in IBD patients is mainly 
due to the presence of well-established risk factors such 
as age, obesity, and T2DM, others have drawn atten-
tion to the role of IBD-related factors that may favor 
the development of MAFLD. These factors include the 
degree of inflammatory activity, the duration of the dis-
ease, history of IBD-related abdominal surgery and drug-
mediated hepatotoxicity [7].

Nevertheless, IBD patients with concomitant MAFLD 
present a unique challenge. When compared to the gen-
eral population, IBD patients experience higher mortal-
ity from NAFLD, with standardized mortality ratios of 
2.26 and 2.82 in patients with UC and CD, respectively 
[8]. Additionally, NAFLD is associated with worse hos-
pitalization outcomes in IBD patients, even after adjust-
ing for metabolic factors [9]. NAFLD increases the risk 
of T2DM, cardiovascular diseases, and chronic kidney 
disease, not to mention the subsequent risk of developing 
liver cirrhosis and hepatocellular carcinoma [10].

Detecting HS is a mandatory criterion for MAFLD 
diagnosis, and ultrasound is the most widely used first-
line diagnostic modality [3]. Nevertheless, has limited 
sensitivity for detection of mild (< 20%) steatosis, and its 
performance is suboptimal in individuals with body mass 
index (BMI) > 40 kg/m2 [11]. Measurement of controlled 
attenuation parameter (CAP) using vibration-controlled 
transient elastography (TE) is increasingly being under-
taken in routine clinical practice for rapid and stand-
ardized HS detection. It has high applicability (> 95% of 
cases) and comparable accuracy as ultrasound for detect-
ing HS, using biopsy as the reference standard [11].

Efforts have been made to develop a screening tool to 
identify HS and more specifically, NAFLD or MAFLD 
[12]. To avoid costs related to the mass implementation 
of imaging or TE studies, several non-invasive steato-
sis tests (NIT) have been developed. These include the 
fatty liver index (FLI), hepatic steatosis index (HSI), and, 
more recently, the Clinical Prediction Tool for NAFLD in 
Crohn’s Disease (CPN-CD), a score specifically developed 
for NAFLD prediction in CD patients, and the MAFLD 
screening score (MAFLD-S), developed for predicting 
MAFLD in the general population [13–16]. Although FLI 
and HSI have been independently validated in some pop-
ulations, there is still scarce information regarding their 
use in MAFLD prediction and more specifically, their 
performance in predicting MAFLD in IBD patients [17]. 
In addition, CPN-CD and MAFLD-S lack external valida-
tion, and their applicability in IBD patients remains to be 
tested [15, 16].

Bearing in mind the clinical impact of the presence 
of MAFLD in IBD patients it is crucial to identify IBD 
patients at risk of MAFLD in whom HS and metabolic 
risk factors assessment may be particularly beneficial.

Recognizing this fact, we reasoned that a MAFLD 
screening program in IBD could be considered if patients 
are initially screened by a clinical non-invasive, readily 
available prediction tool, with a subset of at-risk patients 
undergoing ultrasound or TE to evaluate for HS and 
fibrosis and being evaluated for metabolic risk factors. 
Therefore, the objective of this study was to analyze the 
performances of MAFLD-S, FLI, HSI, and CPN-CD in 
predicting MAFLD in IBD patients.

Methods
Study design and patient selection
This study represents a secondary analysis of a cohort 
of IBD patients included in a previously published arti-
cle [18]. Our group conducted a cross-sectional study 
in which consecutive IBD outpatients were submitted 
to TE in a University-Affiliated Hospital between Janu-
ary and March 2017. Eligible patients were older than 
18  years with an IBD diagnosis (according to European 
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and American guidelines) and with serum parameters 
obtained within 2  weeks of our observation [19, 20]. 
Patients with known liver disease, including alcoholic, 
autoimmune, viral, and clinical diagnosis of an alternative 
metabolic/toxic liver disease were excluded. Moreover, 
patients with heavy alcohol habits (> 20 g/day for women 
or > 30 g/day for men), TE measurement failure (no valid 
measurements after at least 10 attempts), unreliable 
TE measurements (interquartile range to median ratio 
(IQR/M) > 30%) or missing data in medical records were 
also excluded. Contrary to previous published article, 
we did not exclude patients exposed to glucocorticoids 
or immunomodulators (including azathioprine, 6-mer-
captopurine or methotrexate), as recent meta-analysis 
findings did not identify them as significant risk factors 
for NAFLD in IBD patients [5]. The need for informed 
consent was waived by the Senhora da Oliveira Hospi-
tal’s Ethics Committee due to the retrospective nature 
of the study. Our report adheres to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines [21].

Data collection and variables definition
Several data were retrospectively collected from elec-
tronic medical records.

Demographic information (age, sex, race), body weight 
(in kilograms), height (in centimeters), BMI (in kg/m2), 
waist circumference (in centimeters, measured at a level 
midway between the lowest rib and the iliac crest) and 
tobacco use (current or previous) data were gathered.

Data regarding IBD type (CD or UC), family history 
of IBD, age at diagnosis, duration of disease (in months 
between diagnosis and TE), location and behavior of 
CD according to Montreal classification, presence of 
perianal disease, distribution of UC, current medication 

used, namely mesalazine (oral or topical), glucocorticoids 
(prednisone, prednisolone, budesonide), immunomodu-
lators (azathioprine, 6-mercaptopurine, methotrexate), 
biological therapy (infliximab, adalimumab, vedolizumab, 
ustekinumab) and previous IBD-related abdominal sur-
gery data were also collected [22].

Some comorbidities including the presence of over-
weight/obesity, arterial hypertension, impaired fasting 
glycemia, T2DM, and dyslipidemia were assessed and 
defined according to the criteria for MAFLD diagnosis 
[3].

All serum parameters, such as hemoglobin (g/dL), leu-
cocytes (×  103 per cubic millimeter), platelets (×  103 per 
cubic millimeter), fasting plasma glucose (FPG) (mg/
dL), aspartate aminotransferase (AST) (IU/L), alanine 
aminotransferase (ALT) (IU/L), γ-glutamyltransferase 
(G-GT) (IU/L), alkaline phosphatase (AP) (IU/L), albu-
min (g/dL), total and direct bilirubin (mg/dL), total cho-
lesterol (TC) (mg/dL), low-density cholesterol (LDL) and 
high-density lipoprotein cholesterol (HDL) (mg/dL), tri-
glycerides (mg/dL), erythrocyte sedimentation rate (ESR) 
(mm/hour) and C-reactive protein (CRP) (mg/L), were 
obtained after a 12-h overnight fasting, within 2 weeks of 
TE. Stool samples for calprotectin measurement (ug/g) 
were collected from the first bowel movement of the day.

MAFLD-S, FLI, HSI and CPN-CD were calculated 
according to the original formulas (Figs.  1, 2, 3 and 4) 
[13–16].

TE (FibroScan; Echosens, Paris, France) was per-
formed on patients following a minimum 2-h fasting, 
as recommended by manufacturer [23]. Quantifica-
tion of liver stiffness measurement (LSM, in kilopascal 
(kPa)), controlled attenuation parameter (CAP, in deci-
bels per meter (dB/m)) and IQR/M were performed 
using the M probe (or XL probe when unreliable TE 

Fig. 1 Original formula of metabolic dysfunction-associated fatty liver disease screening score [16]. BMI body mass index

Fig. 2 Original formula of fatty liver index [13]. BMI body mass index, G-GT γ-glutamyltransferase
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measures were obtained with M probe), on the right 
lobe of the liver through 9–11th intercostal space on 
the middle axillary line, with the patient lying in a dor-
sal position and the right arm in maximal abduction. 
To be considered a valid and reliable examination, ten 
or more successful acquisitions were performed, and 
IQR/M had to be less than 30% [24]. The operator was 
experienced, had undergone formal training, and per-
formed at least 500 examinations before this study.

MAFLD diagnosis was assessed according to the 
original criteria: evidence of HS in addition to one 
of the following three criteria, namely overweight/ 
obesity, presence of T2DM, or evidence of metabolic 
dysregulation including at least two of the described 
metabolic risk abnormalities [3]. Patients fulfilling 
MAFLD criteria without the presence overweight/ 
obesity were considered as Lean-MAFLD [25]. We 
defined HS as a CAP > 248  dB/m [26]. Overweight/
obesity was defined as BMI ≥ 25  kg/m2 in Caucasians 
or BMI ≥ 23 kg/m2 in Asians, T2DM as FPG ≥ 126 mg/
dL or specific drug treatment. The following metabolic 
risk abnormalities were also considered: waist circum-
ference ≥ 102/88  cm in Caucasian men and women 
(or ≥ 90/80  cm in Asian men and women), blood 
pressure ≥ 130/85  mmHg or specific drug treatment, 
plasma triglycerides ≥ 150 mg/dl or specific drug treat-
ment, plasma HDL < 40  mg/dL for men and < 50  mg/
dL for women or specific drug treatment, impaired 
fasting glycemia (FPG of 100–125 mg/dL) and plasma 
CRP > 2 mg/L [3].

Statistical analysis
The Statistical Package for Social Sciences program ver-
sion 26 (IBM Corporation, Armonk, NY) was used for 
analysis. Categorical variables were described using 
absolute frequencies and percentages. If necessary, chi-
square test or Fisher’s exact test was used to compare 
categorical variables. Depending on the normality tests, 
continuous variables were expressed as mean ± standard 
deviation (SD) or median (interquartile range (IQR)). 
Means were compared between distinct groups using 
independent samples t-test. When applicable, non-par-
ametric tests were performed. We assessed the perfor-
mance of MAFLD-S, FLI, HSI and CPN-CD in predicting 
MAFLD in IBD patients both in general and separately 
by IBD type (CD and UC). The discriminatory ability of 
the scores was evaluated using receiver operator charac-
teristic (ROC) curve analysis, with determination of the 
area under the curve (AUROC) and its corresponding 
95% confidence interval (CI). According to the Hosmer 
and Lemeshow guidelines for predictive ability evalua-
tion, an AUROC of 0.5000–0.699 indicated a poor ability, 
0.7000–0.799 indicated an acceptable ability, 0.800–0.899 
indicated an excellent ability, and 0.900–0.999 indicated 
an outstanding ability [27]. In addition, sensitivity (Se), 
specificity (Sp), positive predictive value (PPV) and nega-
tive predictive value (NPV) of each score were calculated, 
as well as the respective Youden index. The most suitable 
cut-off value for each score was determined as having the 
highest Youden index [28]. Statistical significance was 
defined as P < 0.05.

Fig. 3 Original formula of hepatic steatosis index [14]. ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index

Fig. 4 Original formula of Clinical Prediction Tool for NAFLD in Crohn’s Disease [15]. ALT alanine aminotransferase, AST aspartate aminotransferase, 
BMI body mass index, CD Crohn’s Disease, T2DM type 2 diabetes mellitus
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Results
After applying exclusion criteria, our final sample 
included 168 patients with IBD (Fig. 5).

The main demographic, clinical, laboratorial and TE 
findings are presented in Tables 1 and 2. Among the 168 
patients, all of whom were white, 90 (53.6%) were female, 
with a mean age of 40.1 ± 12.6 years.

The majority of patients had CD (n = 107, 63.7%), 
more specifically, A2 (n = 75, 70.1%), L1 (n = 56, 52.3%), 
B1 (n = 48, 44.9%), according to Montreal classifica-
tion. Regarding UC patients, most had pancolitis (n = 26, 
42.6%). Compared to UC, CD patients had more fre-
quently perianal disease (29.9% vs 0%, P < 0.001) and 
history of IBD-related abdominal surgery (31.8% vs 0%, 
P < 0.001), and were taking immunomodulators more 
frequently (56.1% vs 36.1%, P = 0.024). In contrast, CD 
patients were taking mesalazine less frequently than 
UC patients (20.6% vs 85.2%, P < 0.001). Furthermore, 
CD patients had a higher body weight (70.7 ± 13.5 vs 
66.4 ± 10.2, P = 0.033) and had higher levels of plasma 
triglycerides (117.0 (72.0) vs 92.0 (58.0), P = 0.026) com-
pared to UC patients.

Regarding NIT, a median MAFLD-S of -1.9 (4.1), a 
mean FLI of 33.9 ± 26.3, a median HSI of 38.1 (8.7) and a 
mean CPN-CD of—0.6 ± 1.8 was obtained for all patients 
independently of IBD type. MAFLD-S [-1.6 (4.2) vs -2.1 
(4.2), P = 0.245], FLI (36.6 ± 27.3 vs 29.2 ± 23.9, P = 0.079), 
HSI [38.0 (9.0) vs 39.4 (9.1), P = 0.338] and CPN-CD (- 
0.5 ± 1.5 vs—0.7 ± 1.3, P = 0.314) were not significantly 
different between CD and UC patients.

In general, IBD patients had a mean CAP of 249.0 ± 55.9 
dB/m, median LSM of 4.6 (1.8) kPa and mean IQR/M of 
14.0 ± 8.8%. Neither CAP (249.8 ± 59.1 vs 247.6 ± 50.3, 

P = 0.807), LSM [4.5 (1.7) vs 4.7 (1.9), P = 0.567] nor 
IQR/M (14.2 ± 6.0 vs 14.5 ± 6.3, P = 0.213) were signifi-
cantly different between CD and UC patients.

The overall prevalence of HS, BMI ≥ 25 kg/m2, T2DM, 
impaired fasting glycemia, abnormal waist circumfer-
ence, dyslipidemia and arterial hypertension was 45.8%, 
45.2%, 6.0%, 12.5%, 30.4%, 31.5%, 11.9%, respectively. 
Among these variables, only prevalence of BMI ≥ 25 
kg/m2 was significantly different between CD and UC 
patients (51.4% vs 34.4%, P = 0.037).

MAFLD criteria were fulfilled in 65 (38.7%) patients, 
with 6 (9.2%) meeting the criteria for lean-MAFLD. 
The prevalence of MAFLD was not significantly dif-
ferent between CD and UC patients (43.0% vs 31.1%, 
P = 0.141). Compared to non-MAFLD, MAFLD patients 
were older (46.3 ± 12.3 vs 36.3 ± 11.2, P < 0.001) and 
more frequently male (56.9% vs 39.8%, P = 0.039). Addi-
tionally, they were older at the time of IBD diagnosis 
(38.6 ± 12.6 vs 29.9 ± 10.9, P < 0.001), more likely to have 
a history of IBD-related abdominal surgery (29.2% vs 
14.6%, P = 0.029), and exhibited higher G-GT [28.0 (21.5) 
vs 19.0 (18.0), P < 0.001], FPG [95.0 (18.0) vs 87.0 (16.0), 
P < 0.001], and triglycerides levels [120.0 (62.5) vs 96.0 
(66.0), P = 0.006].

MAFLD-S (AUROC, 0.929 [95% CI, 0.888–0.971]) 
demonstrated outstanding performance, while FLI 
(AUROC, 0.882 [95% CI, 0.830–0.934]), HSI (AUROC, 
0.803 [95% CI, 0.736–0.871]), and CPN-CD (AUROC, 
0.822 [95% CI, 0.753–0.890]) exhibited excellent discrim-
inative ability in predicting MAFLD (Fig.  6.). The opti-
mal cut-off obtained for MAFLD-S was -1.6 (Se 95.4%, 
Sp 83.5%, NPV 96.6%, PPV 78.5%), 32.87 (Se 83.1%, Sp 
83.5%, NPV 88.7%, PPV 76.1%) for FLI, 38.64 (Se 78.5%, 

Fig. 5 Flowchart displaying the selection of patients in the study cohort



Page 6 of 14Capela et al. BMC Gastroenterology          (2023) 23:437 

Table 1 Demographic, clinical, laboratory and transient elastography findings according to the inflammatory bowel disease type 
(Crohn’s disease and ulcerative colitis)

Variables All patients (n = 168) Crohn’s disease (n = 107, 63.7%) Ulcerative colitis 
(n = 61, 36.3%)

P value

Demographics
 Mean age ± SD – years 40.1 ± 12.6 38.4 ± 11.9 43.3 ± 13.4 0.234

 White race– n, (%) 168 (100) 107 (100) 61 (100) 1.0

 Female sex – n, (%) 90 (53.6) 57 (53.3) 33 (54.1) 1.0

IBD related factors
 Montreal classification – n, (%)

  A1, A2, A3 - 8(7.5); 75(70.1); 24(22.4) - -

  L1, L2, L3 - 56 (52.3); 10(9.3); 41(38.3) - -

  L4 - 0 - -

  B1, B2, B3 - 48(44.9);36(33.6);23(21.5) - -

  Perianal disease - 32 (29.9) 0  < 0.001
Disease extension – n, (%)

 E1

 E2 - - 17 (27.9)

 E3 - - 18 (29.5) -

Mean Age at IBD diagnosis ± - - 26 (42.6) -

 SD– years 33.3 ± 12.3 30.9 ± 11.6 37.3 ± 12.6 -

Median IBD duration (IQR) – 72.0 (84.0) 72.0 (108) 72.0 (78) 0.454

months 56 (33.3) 38 (35.5) 18 (29.5) 0.851

Tobacco use – n, (%) 34 (20.2) 34 (31.8) 0 0.497

IBD-related abdominal surgery – n, (%) 16 (9.5) 10 (9.3) 6 (9.8)  < 0.001
Family history of IBD – n, (%) 74 (44.0) 22 (20.6) 52 (85.2) 1.000

Mesalazine – n, (%) 82 (48.8) 60 (56.1) 22 (36.1)  < 0.001
Immunomodulators* – n, (%) 6 (3.6) 3 (2.8) 3 (4.9) 0.024
Glucocorticoids – n, (%) 68 (40.5) 49 (45.8) 19 (31.1) 1.000

Biologic therapy – n, (%) 0.073

Anthropometric data
 Mean weight ± SD – kg 69.1 ± 12.5 70.7 ± 13.5 66.4 ± 10.2 0.033
 Mean height ± SD – cm 166.1 ± 9.2 167.0 ± 9.5 164.6 ± 8.5 0.106

 Mean BMI ± SD – kg/m2 25.1 ± 4.0 25.5 ± 4.2 24.5 ± 3.4 0.122

 Mean waist circumference ± SD – cm 87.5 ± 11.5 88.4 ± 12.1 85.9 ± 10.1 0.183

Laboratorial data
 Mean Hemoglobin ± SD – g/dL 14.0 ± 1.3 13.9 ± 1.1 14.1 ± 1.5 0.299

 Median Leucocyte count (IQR) –  x103μL 6.9 (2.7) 6.8 (2.6) 7.2 (3.0) 0.872

 Mean Platelet count ± SD –  x103μL 270.7 ± 80.9 272.6 ± 91.0 267.2 ± 84.7 0.678

 Median FPG (IQR) – mg/dL 89.0 (16.8) 88.0 (16.0) 89.0 (15.5) 0.626

 Median AST (IQR) – IU/L 18.0 (10.0) 18.0 (10.0) 16.0 (12.0) 0.231

 Median ALT (IQR) – IU/L 26.0 (16.0) 26.0 (16.0) 26.0 (17.5) 0.9

 Median G-GT (IQR) – IU/L 22.0 (19.0) 22.0 (21.0) 24.0 (18.5) 0.575

 Median AP (IQR) – IU/L 64.0 (20.8) 64.0 (21.0) 64.0 (22.0) 0.449

 Median albumin (IQR) – g/dL 3.8 (0.5) 3.8 (0.5) 4.0 (0.5) 0.052

 Median total bilirubin (IQR) – mg/dL 0.5 (0.3) 0.5 (0.4) 0.5 (0.3) 0.665

 Median direct bilirubin (IQR) – mg/dL 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.537

 Mean total cholesterol ± SD – mg/dL 175.5 ± 13.1 175.2 ± 35.2 175.9 ± 34.6 0.905

 Mean LDL ± SD – mg/dL 97.0 ± 28.0 94.0 ± 28.0 102.3 ± 27.7 0.066

 Mean HDL ± SD – mg/dL 54.3 ± 13.6 54.9 ± 14.2 53.2 ± 12.5 0.459

 Median triglycerides (IQR) – mg/dL 109.0 (70.8) 117.0 (72.0) 92.0 (58.0) 0.026
 Median CRP (IQR) – mg/L 2.9 (2.0) 2.9 (2.8) 2.9 (0.3) 0.066
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Sp 71.8%, NPV 84.1%, PPV 63.7%) for HSI, and -0.58 (Se 
83.1%, Sp 68.9%, NPV 86.9%, PPV 62.9%) for CPN-CD.

In CD patients, MAFLD-S (AUROC, 0.949 [95% CI, 
0.909–0.989]) and FLI (AUROC, 0.919 [95% CI, 0.867–
0.971]) demonstrated outstanding performance, while 
HSI (AUROC, 0.859 [95% CI, 0.788–0.929]) and CPN-
CD (AUROC, 0.818 [95% CI, 0.735–0.902]) exhibited 
excellent discriminative ability in predicting MAFLD 
(Fig.  7.). In these patients, the best cut-off obtained for 
MAFLD-S was -1.6 (Se 97.8%, Sp 83.6%, NPV 98.2%, 
PPV 80.4%), 32.59 (Se 89.1%, Sp 85.2%, NPV 91.2%, PPV 
82.0%) for FLI, 40.2 (Se 69.6%, Sp 90.2%, NPV 79.7%, PPV 
84.3%) for HSI and -0.58 (Se 82.6%, Sp 73.8%, NPV 84.9%, 
PPV 70.4%) for CPN-CD.

In UC patients, MAFLD-S (AUROC, 0.877 [95% CI, 
0.768–0.986]) and CPN-CD (AUROC, 0.818 [95% CI, 
0.690–0.945]) demonstrated excellent performance, 
while FLI (AUROC, 0.797 [95% CI, 0.671–0.923]) and 
HSI (AUROC, 0.713 [95% CI, 0.572–0.854]) exhibited 
acceptable discriminative ability in predicting MAFLD 
(Fig.  8.). In these patients, the best cut-off obtained for 
MAFLD-S was -1.5 (Se 89.5%, Sp 83.3%, NPV 94.6%, 

PPV 70.8%), 27.89 (Se 78.9%, Sp 78.6%, NPV 89.2%, PPV 
62.5%) for FLI, 39.4 (Se 78.9%, Sp 64.2%, NPV 87.1%, PPV 
49.9%) for HSI and -0.20 (Se 63.2%, Sp 88.1%, NPV 84.1%, 
PPV 70.6%) for CPN-CD.

Discussion
To the best of our knowledge, this study is the first to spe-
cifically address the performance of several non-invasive 
steatosis scores in predicting MAFLD in patients with 
IBD. Our findings demonstrate that MAFLD-S, FLI, HSI, 
and CPN-CD can accurately predict MAFLD in a cohort 
of IBD patients, and therefore, be valuable tools in the 
management of these patients.

In 2020, Eslam et al. published an international expert 
consensus statement on a new definition of MAFLD to 
replace NAFLD nomenclature. This new term was con-
sidered more appropriate to reflect its pathogenesis and 
was deemed more helpful in patient stratification and 
management [3]. In their article, new positive diagnostic 
criteria for MAFLD were proposed, in which HS detected 
either by imaging techniques, blood biomarkers/scores 
(non-invasive steatosis tests) or by liver histology was 

ALT Alanine aminotransferase, AP Alkaline phosphatase, AST Aspartate aminotransferase, BMI Body mass index, CAP Controlled attenuated parameter, CPN-CD Clinical 
Prediction Tool for NAFLD in Crohn’s Disease, CRP C-reactive protein, ESR Erythrocyte sedimentation rate, FLI Fatty liver index, FPG Fasting plasma glucose, G-GT 
γ-glutamyltransferase, HDL High-density lipoprotein cholesterol, HSI Hepatic steatosis index, IBD Inflammatory bowel disease, IQR/M Interquartile range to median 
ratio, LDL Low-density cholesterol, LSM Liver stiffness measure, MAFLD Metabolic associated fatty liver disease, MAFLD-S Metabolic associated fatty liver disease 
screening score, T2DM Type 2 diabetes mellitus,

Table 1 (continued)

Variables All patients (n = 168) Crohn’s disease (n = 107, 63.7%) Ulcerative colitis 
(n = 61, 36.3%)

P value

 Median ESR (IQR) – mm 10.0 (12.8) 10.0 (13.0) 9.0 (12.5) 0.578

 Median Calprotectin (IQR) – μg/g 184.0 (559.3) 184.0 (404.0) 197 (741.5) 0.716

Steatosis scores
 Median MAFLD-S (IQR) -1.9 (4.1) -1.6 (4.2) -2.1 (4.2) 0.245

 Mean FLI ± SD 33.9 ± 26.3 36.6 ± 27.3 29.2 ± 23.9 0.079

 Median HSI (IQR) 38.1 (8.7) 38.0 (9.0) 39.4 (9.1) 0.338

 Mean CPN-CD ± SD - 0.6 ± 1.8 - 0.5 ± 1.5 - 0.7 ± 1.3 0.314

TE
 Median LSM (IQR) – kPa 4.6 (1.8) 4.5 (1.7) 4.7 (1.9) 0.567

 Mean IQR/M ± SD – % 14.0 ± 8.8 14.2 ± 6.0 14.5 ± 6.3 0.213

 Mean CAP ± SD – dB/m 249.0 (55.9) 249.8 ± 59.1 247.6 ± 50.3 0.807

MAFLD criteria
 MAFLD – n, (%) 65 (38.7) 46 (43.0) 19 (31.1) 0.141

 Lean MAFLD – n, (%) 6 (3.6) 3 (2.8) 3 (4.9) 0.669

 CAP > 248 dB/m – n, (%) 77 (45.8) 52 (48.6) 25 (41.0) 0.421

 Overweight/Obesity – n, (%) 76 (45.2) 55 (51.4) 21 (34.4) 0.037
 T2DM – n, (%) 10 (6.0) 5 (4.7) 5 (8.2) 0.499

 Impaired fasting glycemia – n, (%) 21 (12.5) 12 (11.2) 9 (14.8) 0.628

 Abnormal waist circumference – n, (%) 51 (30.4) 38 (35.5) 13 (21.3) 0.058

 Dyslipidemia – n, (%) 53 (31.5) 29 (27.1) 24 (39.3) 0.121

 Arterial Hypertension – n, (%) 20 (11.9) 10 (9.3) 10 (16.4) 0.217

 Plasma CRP > 2 mg/L – n, (%) 58 (34.5) 42 (39.3) 16 (26.2) 0.095
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Table 2 Demographic, clinical, laboratory and transient elastography findings according to the presence of metabolic associated fatty 
liver disease

Variables All patients (n = 168) MAFLD (n = 65, 38.7%) Non-MAFLD (n = 103, 
61.3%)

P value

Demographics
 Mean age ± SD – years 40.1 ± 12.6 46.3 ± 12.3 36.3 ± 11.2  < 0.001
 White race– n, (%) 168 (100) 65(100) 103(100) 1.0

 Female sex – n, (%) 90 (53.6) 28 (43.1) 62 (60.2) 0.039
IBD-related factors
 Crohn’s disease – n, (%) 46 (70.8) 61 (59.2) 0.141

Montreal classification – n, (%)

 A1 8(7.5) 2 (4.3) 6 (9.8) 0.462

 A2 75(70.1) 29 (63.0) 46 (75.4) 0.203

 A3 24(22.4) 15 (32.6) 9 (14.8) 0.036
 L1 56 (52.3) 26 (56.6) 30 (49.2) 0.558

 L2 10(9.3) 3 (6.5) 7 (11.5) 0.510

 L3 41(38.3) 17 (37.0) 24 (39.3) 0.843

 L4 0 0 0 -

 B1 48(44.9) 20 (43.5) 28 (45.9) 0.846

 B2 36(33.6) 15 (32.6) 21 (34.4) 1.000

 B3 23(21.5) 11 (23.9) 12 (19.7) 0.640

 Perianal disease 33.3 (12.3) 16 (24.6) 16 (15.5) 0.161

Disease extension – n, (%)

 E1 17 (27.9) 4 (21.1) 13 (31.0) 0.544

 E2 18 (29.5) 7 (36.8) 11 (26.2) 0.545

 E3 26 (42.6) 8 (42.1) 18 (42.9) 1.000

Mean Age at IBD diagnosis ± SD – years 33.3 ± 12.3 38.6 ± 12.6 29.9 ± 10.9  < 0.001
Median IBD duration (IQR) – months 72.0 (84.0) 84 (89) 72.0 (96) 0.207

Tobacco use – n, (%) 56 (33.3) 22 (33.8) 34 (33.0) 1.000

IBD-related abdominal surgery – n, (%) 34 (20.2) 19 (29.2) 15 (14.6) 0.029
Family history of IBD – n, (%) 16 (9.5) 4 (6.2) 12 (11.7) 0.289

Mesalazine – n, (%) 74 (44.0) 27 (41.5) 47 (45.6) 0.635

Immunomodulators – n, (%) 82 (48.8) 36 (55.4) 46 (44.6) 0.156

Glucocorticoids – n, (%) 6 (3.6) 3 (4.6) 3 (2.9) 0.678

Biologic therapy – n, (%) 68 (40.5) 22 (33.8) 46 (44.7) 0.197

Anthropometric data
 Mean weight ± SD – kg 69.1 ± 12.5 78.4 ± 10.0 63.3 ± 10.3  < 0.001
 Mean height ± SD – cm 166.1 ± 9.2 165.7 ± 9.2 166.4 ± 9.2 0.621

 Mean BMI (SD) – kg/m2 25.1 ± 4.0 28.6 ± 3.3 22.9 ± 2.6  < 0.001
 Mean waist circumference (SD) – cm 87.5 ± 11.5 96.4 ± 9.7 81.8 ± 8.6  < 0.001
Laboratorial data
 Mean Hemoglobin ± SD – g/dL 14.0 ± 1.3 14.1 ± 1.3 13.9 ± 1.3 0.194

 Median Leucocyte count (IQR) –  x103μL 6.9 (2.7) 6.6 (2.6) 7.2 (2.7) 0.384

 Mean Platelet count ± SD –  x103μL 270.7 ± 80.9 264.0 ± 79.3 274.9 ± 82.1 0.396

 Median FPG (IQR) – mg/dL 89.0 (16.8) 95.0 (18.0) 87.0 (16.0)  < 0.001
 Median AST (IQR) – IU/L 18.0 (10.0) 19.0 (9.5) 17.0 (10.0) 0.103

 Median ALT (IQR) – IU/L 26.0 (16.0) 29.0 (16.5) 23.0 (15.0) 0.001
 Median G-GT (IQR) – IU/L 22.0 (19.0) 28.0 (21.5) 19.0 (18.0)  < 0.001
 Median AP (IQR) – IU/L 64.0 (20.8) 64.0 (20.5) 64.0 (22.0) 0.713

 Median albumin (IQR) – g/dL 3.8 (0.5) 3.9 (0.4) 3.9 (0.6) 0.499

 Median total bilirubin (IQR) – mg/dL 0.5 (0.3) 0.5 (0.4) 0.5 (0.4) 0.717

 Median direct bilirubin (IQR) – mg/dL 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.896
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the first step in the diagnostic flowchart, followed by the 
identification one of the following three clinical criteria: 
overweight/obesity, T2DM, or evidence of metabolic dys-
regulation [3].

MAFLD is a prevalent comorbidity among IBD patients 
[29]. For example, Arieira et al., reported a prevalence of 
HS ranging from 16.8% to 45.3% according to the diag-
nostic tool used (HSI, FLI or CAP by TE) [18]. Moreo-
ver, a recent meta-analysis revealed a pooled prevalence 
of 30.7% for NAFLD in patients with IBD globally, with 
a comparable risk observed in both CD and UC patients 
[5]. Similarly, in our study sample, the overall preva-
lence of MAFLD was 38.7%, and it did not significantly 
differ between CD and UC patients (43.0% vs. 31.1%, 
P = 0.141, respectively). Nonetheless, CD patients exhib-
ited higher body weight and a more frequent occur-
rence of BMI ≥ 25  kg/m2 than UC patients, mirroring 
findings from a previous study [30]. This difference in 
weight status could also account for the elevated levels of 

triglycerides observed in CD patients in comparison to 
UC patients, as excess weight and obesity are associated 
with insulin resistance, triggering increased delivery of 
free fatty acids from adipose tissue to the liver [30].

The existing data regarding the mechanisms underlying 
the association between MAFLD and IBD are conflicting 
and not well understood [5, 7, 31]. In our sample, com-
pared to non-MAFLD, MAFLD patients had a higher 
prevalence of HS and traditional metabolic risk factors, 
such as male sex, overweight/obesity (with higher weight, 
BMI and waist circumference), T2DM (with higher FPG), 
arterial hypertension, dyslipidemia (and higher triglycer-
ides levels), underscoring the relevance of metabolic con-
ditions. Moreover, we observed that patients who were 
older at the time of the study and at the onset of IBD diag-
nosis were more likely to have MAFLD. This aligns with 
the conclusions of several meta-analyses which suggested 
that advanced age and other metabolic risk factors might 
contribute to an elevated risk of NAFLD in IBD patients 

ALT Alanine aminotransferase, AP Alkaline phosphatase, AST Aspartate aminotransferase, BMI Body mass index, CAP Controlled attenuated parameter, CPN-CD Clinical 
Prediction Tool for NAFLD in Crohn’s Disease, CRP C-reactive protein, ESR Erythrocyte sedimentation rate, FLI Fatty liver index, FPG Fasting plasma glucose, G-GT 
γ-glutamyltransferase, HDL High-density lipoprotein cholesterol, HSI Hepatic steatosis index, IBD Inflammatory bowel disease, IQR/M Interquartile range to median 
ratio, LDL Low-density cholesterol, LSM Liver stiffness measure, MAFLD Metabolic associated fatty liver disease, MAFLD-S Metabolic associated fatty liver disease 
screening score, T2DM Type 2 diabetes mellitus

Table 2 (continued)

Variables All patients (n = 168) MAFLD (n = 65, 38.7%) Non-MAFLD (n = 103, 
61.3%)

P value

 Mean total cholesterol ± SD – mg/dL 175.5 ± 13.1 181.5 ± 35.0 171.7 ± 34.4 0.076

 Mean LDL ± SD – mg/dL 97.0 ± 28.0 102.0 ± 28.8 93.9 ± 27.3 0.068

 Mean HDL ± SD – mg/dL 54.3 ± 13.6 52.2 ± 12.9 55.5 ± 13.9 0.123

 Median triglycerides (IQR) – mg/dL 109.0 (70.8) 120.0 (62.5) 96.0 (66.0) 0.006
 Median CRP (IQR) – mg/L 2.9 (2.0) 2.9 (1.5) 2.9 (2.8) 0.760

 Median ESR (IQR) – mm 10.0 (12.8) 10.0 (12.5) 10.0 (12.0) 0.477

 Median Calprotectin (IQR) – μg/g 184.0 (559.3) 172 (444.5) 202 (664) 0.264

Steatosis scores
 Median MAFLD-S (IQR) -1.9 (4.1) 0.2 (1.8) -3.6 (3.8)  < 0.001
 Mean FLI ± SD 33.9 ± 26.3 55.3 ± 23.6 20.4 ± 17.5  < 0.001
 Median HSI (IQR) 38.1 (8.7) 42.4 (8.8) 36.1 (6.44)  < 0.001
 Mean CPN-CD ± SD - 0.6 ± 1.8 0.3 ± 1.4 -1.2 ± 1.1  < 0.001
TE
 Median LSM (IQR) – kPa 4.6 (1.8) 4.8 (2.1) 4.5 (1.9) 0.078

 Mean IQR/M ± SD – % 14.0 ± 8.8 14.0 ± 6.0 15.1 ± 6.1 0.247

 Mean CAP ± SD – dB/m 249.0 ± 55.9 300.6 ± 36.0 216.4 ± 39.2  < 0.001
MAFLD criteria
 CAP > 248 dB/m – n, (%) 77 (45.8) 65 (100) 12 (11.7)  < 0.001
 Overweight/Obesity – n, (%) 76 (45.2) 59 (90.8) 17 (16.5)  < 0.001
 T2DM – n, (%) 10 (6.0) 8 (12.3) 2 (1.9) 0.014
 Impaired fasting glycemia – n, (%) 21 (12.5) 10 (15.4) 11 (10.7) 0.473

 Abnormal waist circumference – n, (%) 51 (30.4) 32 (49.2) 19 (18.4)  < 0.001
 Dyslipidemia – n, (%) 53 (31.5) 30 (46.2) 23 (22.3) 0.002
 Arterial Hypertension – n, (%) 20 (11.9) 16 (24.6) 4 (3.9)  < 0.001
 Plasma CRP > 2 mg/L – n, (%) 58 (34.5) 23 (35.4) 35 (34.0) 0.869
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[5, 7, 31]. While a recent meta-analysis did not identify 
a history of IBD-related abdominal surgery as a signifi-
cant risk factor for NAFLD in IBD, our results demon-
strated that a greater proportion of MAFLD patients had 
undergone abdominal surgery compared to non-MAFLD 
patients [5, 7, 31]. This observation is consistent with 
data from earlier meta-analyses suggesting that IBD-
related factors might also play a role in the development 
of MAFLD in IBD patients [5, 7, 31]. As our cohort had 

an average follow-up period of 9  years after surgery, it 
is plausible that these findings reflect post-surgery clini-
cal improvement, potentially indicating enhanced nutri-
tional status, increased appetite, and subsequent weight 
gain [32]. Identification of higher ALT and G-GT serum 
levels in MAFLD patients are in line with other stud-
ies. These elevated enzyme levels are believed to reflect 
hepatic expression of insulin resistance, which is com-
monly present in individuals with MAFLD. Importantly, 

Fig. 6 ROC curve analysis of MAFLD-S, FLI, HSI and CPN-CD performance for MAFLD prediction in all IBD patients

Fig. 7 ROC curve analysis of MAFLD-S, FLI, HSI and CPN-CD performance for MAFLD prediction in Crohn’s disease patients
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even within the reference range, ALT and G-GT levels 
appear to correlate with the incidence of NAFLD and 
metabolic syndrome in a dose-dependent manner [33]. 
However, our study was not designed to draw robust 
conclusions about which mechanisms are more relevant 
in this context, so further research is needed to better 
understand the specific mechanisms linking MAFLD and 
IBD.

Early screening for MAFLD in the IBD population, ide-
ally at the time of diagnosis, and particularly in patients 
with cardiovascular comorbidities, will not only enable 
the initiation of appropriate management for MAFLD 
and other associated comorbidities but also potentially 
impact the management of IBD itself. As far as we know, 
there is no robust data available to suggest that the man-
agement of MAFLD in IBD patients should differ from 
non-IBD patients. A stepwise approach, starting with 
dietary and lifestyle interventions, and if necessary, anti-
obesity drugs or bariatric surgery should be considered 
to reduce liver and cardiovascular morbidity and mortal-
ity [34]. On the other hand, the presence of MAFLD may 
affect IBD treatment choices. Underlying liver steatosis is 
known to potentiate pathogenesis of drug-induced liver 
disease, and IBD patients with MAFLD who are treated 
with immunosuppressive agents are at a higher risk of 
developing liver injury as a second hit. Treatment strat-
egies in these patients might include avoiding drugs 
associated with hepatic steatosis, such as methotrexate 
[35]. Additionally, overweight and obesity are currently 
the most frequent nutritional disorders in IBD patients 
and are common associated comorbidities in MAFLD 

patients. Obese IBD patients have been shown to expe-
rience more rapid clearance of immunomodulators 
and biological therapies, medical treatment failure, and 
negative surgical outcomes compared with non-obese 
patients. Nevertheless, there is currently a lack of data 
regarding whether interventions aimed at treating obe-
sity can improve IBD outcomes [34].

In the last few decades, several NIT, including FLI and 
HSI have been developed and validated in certain popu-
lations for prediction of HS and NAFLD [11, 12, 17, 28]. 
FLI was originally created by Bedogni et  al. as a simple 
score to predict HS in the general population, incorpo-
rating variables like waist circumference, BMI, triglyc-
erides, and G-GT. A score of < 30 was associated with 
low risk, while ≥ 60 indicated a high risk of HS. [13] In 
the following years, many studies assessed its perfor-
mance in predicting HS and NAFLD across different 
populations, comparing various HS diagnostic methods 
as the gold-standard. Although valuable for evaluating 
NAFLD in high-risk cohorts, FLI seems to possess lim-
ited capacity to definitively confirm or exclude NAFLD 
on an individual patient level [17]. HSI was created by 
Lee et al., based on AST, ALT, BMI, sex, and presence or 
absence of T2DM, aimed to predict NAFLD [14]. Since 
its inception, this score has been validated in diverse 
populations, encompassing individuals with human 
immunodeficiency virus (HIV) and those exhibiting insu-
lin resistance, with comparisons made against alternative 
diagnostic methods [12]. Like FLI, available data implies 
that HSI serves as a practical tool for evaluating NAFLD 
in high-risk populations [28].

Fig. 8 ROC curve analysis of MAFLD-S, FLI, HSI and CPN-CD performance for MAFLD prediction in ulcerative colitis patients
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Following the redefinition of NAFLD to MAFLD, crea-
tion of new scores (such as MAFLD-S) or further valida-
tion of non-invasive tests used in NAFLD prediction was 
required for MAFLD prediction. Han AL et al. retrospec-
tively evaluated performance of FLI and HSI for MAFLD 
prediction compared to computed tomography (CT)-
diagnosed MAFLD, including 1300 adults aged ≥ 19 years 
who underwent CT scan from March 2012 to October 
2019 in their institution [36]. FLI (AUROC, 0.793) and 
HSI (HSI 0.784) had acceptable performance in pre-
dicting MAFLD [36]. In other recent study using ultra-
sound as a reference standard, FLI (AUROC, 0.793) and 
HSI (AUROC 0.764) had good and similar performance 
[37]. Additionally, in a large cross-sectional survey in 
China including 135,436 patients, the FLI AUROC for 
MAFLD prediction obtained was 0.870 and 0.923 for 
men and women, respectively [27]. On the other hand, 
Ruiz-Manriquez et al., based on a cohort of 3357 adults 
from the general population of 5 Mexican states, devel-
oped the MAFLD-S score which includes the variables 
age, sex, BMI, T2DM, arterial hypertension and dys-
lipidemia [16]. They showed that this simple clinical tool 
could predict MAFLD with an AUROC of 0.852 ([95% 
CI, 0.828–0.877]) and with a sensitivity and a specificity 
of 78.8% and 82.8%, respectively, using an optimal cutoff. 
Even though it was created and internally validated in the 
original study, it was not externally validated. As far as 
we know, we have shown for the first time that MAFLD-
S can accurately predict MAFLD in CD (AUROC, 0.949) 
and UC (AUROC, 0.877) patients, with high sensitivity 
(> 95% for CD and > 85% for UC) and high NPV (> 95% 
for CD and > 90% for UC) for the optimal cutoff (-1.6 for 
CD and -1.5 for UC). This outstanding performance in 
our IBD cohort should encourage other authors to fur-
ther validate this score in other populations to clarify its 
usefulness in clinical practice.

Although many of the previous NIT were validated 
in high-risk groups, data regarding the performance of 
NIT in predicting NAFLD or MAFLD in IBD patients is 
limited. Bessissow et al. have addressed this issue. After 
applying HSI in 62 patients with IBD, obtained a AUROC 
of 0.74 (96% CI, 0.68– 0.80) for the prediction of HS 
using ultrasound as reference [38]. As far as we know, 
our group is the first to validated FLI (AUROC, 0.919 and 
AUROC, 0.797) and HSI (AUROC, 0.859 and AUROC, 
0.713) in predicting MAFLD in CD and UC patients, 
respectively.

On the other hand, instead of using pre-existing 
scores, McHenry et  al. created and internally vali-
dated CPNC-CD to predict NAFLD in CD patients. 
CPN-CD includes age, sex, ethnicity/race, ALT, BMI, 
known cardiometabolic diagnoses (arterial hyperten-
sion, T2DM, dyslipidemia), CD duration, and current 

use of azathioprine/6-mercaptopurine. They showed 
that CPN-CD had superior performance (AUROC, 0.85) 
compared to HSI (AUROC, 0.76) in predicting NAFLD 
in CD patients, using magnetic resonance proton den-
sity fat fraction as reference [15]. However, up until now, 
this score has not been externally validated, either for the 
new MAFLD criteria or in UC patients. In our cohort, we 
observed excellent discrimination in predicting MAFLD 
for both CD (AUROC, 0.818 [95% CI, 0.735–0.902]) and 
UC (AUROC, 0.818 [95% CI, 0.690–0.945]) patients. 
Interestingly, the remaining NIT evaluated (MAFLD-S, 
FLI and HSI) only incorporate well-established meta-
bolic risk factors and mostly demonstrated higher or 
similar AUROC compared to CPNCD for the prediction 
of MAFLD in IBD patients, regardless of the type. There-
fore, our results suggest that there is no need to use spe-
cific NIT for IBD patients that include the specificities of 
IBD.

Our study presents some limitations. This was a single 
center study, with a cross-sectional design with its possi-
ble inherent bias. Despite ultrasound is recommended by 
certain guidelines as the first-line tool for the diagnosis 
of HS in clinical practice, we used TE do detect HS using 
a validated CAP cut-off. This approach demonstrated 
high applicability (with only 4.2% unreliable/failure 
measurements), and is known to have comparable accu-
racy to ultrasound for detecting HS when liver biopsy 
is used as the reference standard [26]. Even though the 
prevalence of MAFLD was high in our sample, we were 
unable to measure all of the metabolic risk factors out-
lined in the MAFLD diagnosis criteria, namely the 
homeostasis model assessment of insulin resistance, 2-h 
post-load glucose levels, and HbA1c for T2DM diagnosis, 
which could potentially underestimate the prevalence of 
MAFLD. However, we included the most commonly used 
criteria in routine clinical practice, mitigating the poten-
tial impact of this hypothetical underestimation on our 
findings. Lastly, even though the criteria for diagnosing 
MAFLD no longer mandate the exclusion of other liver 
diseases, our study focused exclusively on IBD patients 
without coexisting liver diseases, limiting our ability to 
evaluate the performance of these scoring systems in the 
presence of other liver conditions.

Based on our findings, we suggest that non-invasive 
steatosis scores should be routinely employed in IBD 
patients, given their elevated pretest probability of 
MAFLD. In the daily busy setting of IBD clinics using 
these cheap, simple and not time-consuming scores 
could help in ruling out or in IBD patients that should 
be submitted to ultrasound or TE for assessment of 
HS. Our results indicate that MAFLD-S, FLI, HSI, and 
CPN-CD are effective tools for accurately predicting 
MAFLD in IBD patients. As limited evidence exists 
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regarding the utility of non-invasive steatosis scores 
in IBD patients, our study represents a notable stride 
toward establishing the credibility of these diagnostic 
tools. Nevertheless, to more comprehensively eluci-
date their impact on clinical practice, large-scale, pro-
spective, multicenter studies are needed applying these 
scores in IBD patients.

Abbreviations
ALT  alanine aminotransferase
AP  alkaline phosphatase
AST  aspartate aminotransferase
AUROC  area under the receiver-operating characteristic curve
BMI  body mass index
CAP  controlled attenuation parameter
CD  Crohn’s disease
CPN-CD  clinical prediction tool for nonalcoholic fatty liver disease in 

Crohn’s disease
CRP  c-reactive protein
FLI  fatty Liver Index
FPG  fasting plasma glucose
G-GT  γ-glutamyltransferase
HDL  high-density lipoprotein cholesterol
HS  hepatic steatosis
HSI  hepatic steatosis index
IBD  inflammatory bowel disease
IQR/M  interquartile range to median ratio
LDL  low-density cholesterol
LSM  liver stiffness measurement
MAFLD  metabolic dysfunction-associated fatty liver disease
MAFLD-S  metabolic dysfunction-associated fatty liver disease screening 

score
NAFLD  nonalcoholic fatty liver disease
NIT  non-invasive test
NPV  negative predictive value
PPV  positive predictive value
ROC  receiver-operating characteristic
Se  sensitivity
Sp  specificity
STROBE  Strengthening the Reporting of Observational Studies in 

Epidemiology
TC  total cholesterol
TE  transient elastography
T2DM  type 2 diabetes mellitus

Acknowledgements
Not applicable

Authors’ contributions
TLC was involved in the design of the study; collection, statistical analysis and 
interpretation of the data; drafting of the article and in the final approval of 
the article. VMS, MF, CA, TCG, FDC, JM and JC were involved in the conception 
of the study and final approval of the article.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Ethics approval was waived by the “Senhora da Oliveira Hospital’s Ethics Com-
mittee” in view of the retrospective nature of the study.

All methods were carried out in accordance with relevant guidelines and 
regulations and were approved by the “Senhora da Oliveira Hospital’s Ethics 
Committee”.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Hospital Senhora da Oliveira, Gastroenterology Department, Guimarães, Por-
tugal. 2 Life and Health Sciences Research Institute (ICVS), School of Medicine, 
University of Minho, Braga/Guimarães, Braga, Portugal. 3 ICVS/3B’s, PT Govern-
ment Associate Laboratory, Guimarães/Braga, Braga, Portugal. 

Received: 11 March 2023   Accepted: 5 October 2023

References
 1. Vegh Z, Kurti Z, Lakatos PL. Epidemiology of inflammatory bowel diseases 

from west to east. J Dig Dis. 2017;18(2):92–8.
 2. Rodriguez-Duque JC, Calleja JL, Iruzubieta P, Hernandez-Conde M, Rivas-

Rivas C, Vera MI, et al. Increased risk of MAFLD and Liver Fibrosis in Inflam-
matory Bowel Disease Independent of Classic Metabolic Risk Factors. Clin 
Gastroenterol Hepatol. 2023;21(2):406–14 e7.

 3. Eslam M, Sanyal AJ, George J, International Consensus P. MAFLD: A 
Consensus-Driven Proposed Nomenclature for Metabolic Associated 
Fatty Liver Disease. Gastroenterology. 2020;158(7):1999–2014e.

 4. Attia D, Gomaa A, Abdel AS. Letter to the editor: Pitfalls in the outcome 
differences between NAFLD and MAFLD. Hepatology. 2022;76(5):E100.

 5. Zamani M, Alizadeh-Tabari S, Singh S, Loomba R. Meta-analysis: 
prevalence of, and risk factors for, non-alcoholic fatty liver disease in 
patients with inflammatory bowel disease. Aliment Pharmacol Ther. 
2022;55(8):894–907.

 6. Ritaccio G, Stoleru G, Abutaleb A, Cross RK, Shetty K, Sakiani S, et al. 
Nonalcoholic Fatty Liver Disease Is Common in IBD Patients However 
Progression to Hepatic Fibrosis by Noninvasive Markers Is Rare. Dig Dis 
Sci. 2021;66(9):3186–91.

 7. Lin A, Roth H, Anyane-Yeboa A, Rubin DT, Paul S. Prevalence of 
Nonalcoholic Fatty Liver Disease in Patients With Inflammatory Bowel 
Disease: A Systematic Review and Meta-analysis. Inflamm Bowel Dis. 
2021;27(6):947–55.

 8. Bewtra M, Kaiser LM, TenHave T, Lewis JD. Crohn’s disease and ulcerative 
colitis are associated with elevated standardized mortality ratios: a meta-
analysis. Inflamm Bowel Dis. 2013;19(3):599–613.

 9. Noorian S, Jeon Y, Nguyen MT, Sauk J, Limketkai BN. The Impact of NAFLD 
on Hospitalization Outcomes in Patients With Inflammatory Bowel 
Diseases: Nationwide Analysis. Inflamm Bowel Dis. 2022;28(6):878–87.

 10. Aggarwal M, Garg R, Parthasarthy G, Nowacki AS, Padival R, McCullough 
A, et al. Crohn’s Disease Is Associated with Liver Fibrosis in Patients with 
Nonalcoholic Fatty Liver Disease. Dig Dis Sci. 2023;68(3):1006–15.

 11. European Association for the Study of the Liver, Electronic address eee, 
Clinical Practice Guideline P, Chair, representative EGB, Panel m. EASL Clin-
ical Practice Guidelines on non-invasive tests for evaluation of liver dis-
ease severity and prognosis - 2021 update. J Hepatol. 2021;75(3):659–89.

 12. Sourianarayanane A, McCullough AJ. Accuracy of steatosis and fibrosis 
NAFLD scores in relation to vibration controlled transient elastography: 
An NHANES analysis. Clin Res Hepatol Gastroenterol. 2022;46(7):101997.

 13. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione 
A, et al. The Fatty Liver Index: a simple and accurate predictor of hepatic 
steatosis in the general population. BMC Gastroenterol. 2006;6:33.

 14. Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W, et al. Hepatic steatosis 
index: a simple screening tool reflecting nonalcoholic fatty liver disease. 
Dig Liver Dis. 2010;42(7):503–8.

 15. McHenry S, Tirath A, Tsai R, Sharma Y, Flores AG, Davidson NO, et al. 
Derivation and Internal Validation of a Clinical Prediction Tool to Predict 



Page 14 of 14Capela et al. BMC Gastroenterology          (2023) 23:437 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Nonalcoholic Fatty Liver Disease in Patients With Crohn’s Disease. 
Inflamm Bowel Dis. 2020;26(12):1917–25.

 16. Ruiz-Manriquez J, Olivas-Martinez A, Chávez-García LC, Fernández-
Ramírez A, Moctezuma-Velazquez C, Kauffman-Ortega E, et al. Prevalence 
of Metabolic-associated Fatty Liver Disease in Mexico and Develop-
ment of a Screening Tool: The MAFLD-S Score. Gastro Hep Advances. 
2022;1(3):352–8.

 17. Castellana M, Donghia R, Guerra V, Procino F, Lampignano L, Castellana 
F, et al. Performance of Fatty Liver Index in Identifying Non-Alcoholic 
Fatty Liver Disease in Population Studies. A Meta-Analysis. J Clin Med. 
2021;10(9):1877.

 18. Arieira C, Monteiro S, Xavier S, Dias de Castro F, Magalhaes J, Moreira MJ, 
et al. Hepatic steatosis and patients with inflammatory bowel disease: 
when transient elastography makes the difference. Eur J Gastroenterol 
Hepatol. 2019;31(8):998–1003.

 19. Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese V, et al. 
ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial 
diagnosis, monitoring of known IBD, detection of complications. J Crohns 
Colitis. 2019;13(2):144–64.

 20. Rubin DT, Ananthakrishnan AN, Siegel CA, Sauer BG, Long MD. ACG 
Clinical Guideline: Ulcerative Colitis in Adults. Am J Gastroenterol. 
2019;114(3):384–413.

 21. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 
JP, et al. The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement: guidelines for reporting observational 
studies. J Clin Epidemiol. 2008;61(4):344–9.

 22. Gomollon F, Dignass A, Annese V, Tilg H, Van Assche G, Lindsay JO, et al. 
3rd European Evidence-based Consensus on the Diagnosis and Manage-
ment of Crohn’s Disease 2016: Part 1: Diagnosis and Medical Manage-
ment. J Crohns Colitis. 2017;11(1):3–25.

 23. Lemoine M, Shimakawa Y, Njie R, Njai HF, Nayagam S, Khalil M, et al. Food 
intake increases liver stiffness measurements and hampers reliable values 
in patients with chronic hepatitis B and healthy controls: the PROLIFICA 
experience in The Gambia. Aliment Pharmacol Ther. 2014;39(2):188–96.

 24. Ferraioli G, Filice C, Castera L, Choi BI, Sporea I, Wilson SR, et al. WFUMB 
guidelines and recommendations for clinical use of ultrasound elastogra-
phy: Part 3: liver. Ultrasound Med Biol. 2015;41(5):1161–79.

 25. Mehta M, Singh P, De A, Duseja A. Poor Applicability of MAFLD Criteria 
for Lean Patients with NAFLD in Real-life Practice. J Clin Exp Hepatol. 
2022;12:S34.

 26. Karlas T, Petroff D, Sasso M, Fan JG, Mi YQ, de Ledinghen V, et al. Individual 
patient data meta-analysis of controlled attenuation parameter (CAP) 
technology for assessing steatosis. J Hepatol. 2017;66(5):1022–30.

 27. Xu Z, Li H, Tian S, Wu J, Li X, Liu ZL, et al. Blood biomarkers for the diag-
nosis of hepatic steatosis in metabolic dysfunction-associated fatty liver 
disease. J Hepatol. 2020;73(5):1264–5.

 28. Fedchuk L, Nascimbeni F, Pais R, Charlotte F, Housset C, Ratziu V, et al. Per-
formance and limitations of steatosis biomarkers in patients with nonal-
coholic fatty liver disease. Aliment Pharmacol Ther. 2014;40(10):1209–22.

 29. Saroli Palumbo C, Restellini S, Chao CY, Aruljothy A, Lemieux C, Wild G, 
et al. Screening for Nonalcoholic Fatty Liver Disease in Inflammatory 
Bowel Diseases: A Cohort Study Using Transient Elastography. Inflamm 
Bowel Dis. 2019;25(1):124–33.

 30. Steed H, Walsh S, Reynolds N. A brief report of the epidemiology of obe-
sity in the inflammatory bowel disease population of Tayside. Scotland 
Obes Facts. 2009;2(6):370–2.

 31. Zou ZY, Shen B, Fan JG. Systematic Review With Meta-analysis: Epidemiol-
ogy of Nonalcoholic Fatty Liver Disease in Patients With Inflammatory 
Bowel Disease. Inflamm Bowel Dis. 2019;25(11):1764–72.

 32. Sagami S, Ueno Y, Tanaka S, Fujita A, Hayashi R, Oka S, et al. Significance of 
non-alcoholic fatty liver disease in Crohn’s disease: A retrospective cohort 
study. Hepatol Res. 2017;47(9):872–81.

 33. Oh HJ, Kim TH, Sohn YW, Kim YS, Oh YR, Cho EY, et al. Association of 
serum alanine aminotransferase and gamma-glutamyltransferase levels 
within the reference range with metabolic syndrome and nonalcoholic 
fatty liver disease. Korean J Hepatol. 2011;17(1):27–36.

 34. Kim JH, Oh CM, Yoo JH. Obesity and novel management of inflammatory 
bowel disease. World J Gastroenterol. 2023;29(12):1779–94.

 35. Schroder T, Schmidt KJ, Olsen V, Moller S, Mackenroth T, Sina C, et al. Liver 
steatosis is a risk factor for hepatotoxicity in patients with inflammatory 

bowel disease under immunosuppressive treatment. Eur J Gastroenterol 
Hepatol. 2015;27(6):698–704.

 36. Han AL, Lee HK. Comparison of the Diagnostic Performance of Steatosis 
Indices for Discrimination of CT-Diagnosed Metabolic Dysfunction-Asso-
ciated Fatty Liver Disease. Metabolites. 2022;12(7):664.

 37. Liu Y, Liu S, Huang J, Zhu Y, Lin S. Validation of five hepatic steatosis algo-
rithms in metabolic-associated fatty liver disease: A population based 
study. J Gastroenterol Hepatol. 2022;37(5):938–45.

 38. Bessissow T, Le NH, Rollet K, Afif W, Bitton A, Sebastiani G. Incidence 
and Predictors of Nonalcoholic Fatty Liver Disease by Serum Biomark-
ers in Patients with Inflammatory Bowel Disease. Inflamm Bowel Dis. 
2016;22(8):1937–44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Identifying inflammatory bowel disease patients at risk of metabolic dysfunction-associated fatty liver disease: usefulness of non-invasive steatosis predictive scores
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and patient selection
	Data collection and variables definition
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


