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Abstract

Background and Aim: Type 2 Diabetes mellitus (T2DM), age, and obesity are risk

factors for metabolic dysfunction‐associated steatotic liver disease (MASLD). We

aimed to assess the performance of non‐invasive tests (NITs) for the diagnosis of

metabolic dysfunction‐associated steatohepatitis (MASH) and fibrosis in high‐risk
subjects.

Methods: Multicentre cross‐sectional study that included 124 biopsy‐proven

MASLD in more than 50 years‐old patients with overweight/obesity and T2DM.

Vibration‐controlled transient elastography, Fibrosis‐4 index (FIB‐4), Non‐alcoholic

fatty liver disease fibrosis score (NFS), OWLiver Panel (OWLiver

DM2 þ Metabolomics‐Advanced Steatohepatitis Fibrosis Score ‐MASEF) and

FibroScan‐AST were performed. Sensitivity, specificity, positive predictive value

(PPV), negative predictive value (NPV) and area under the receiver operating
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characteristic curve (AUC) were calculated. NITs were assessed individually and in

sequential/parallel combinations.

Results: 35 (28.2%) patients had early MASH and 66 (53.2%) had MASH with signif-

icant fibrosis (at‐risk MASH). The OWLiver Panel correctly classified 86.1% as MASH,

showing an accuracy, sensitivity, specificity, PPV, and NPV of 0.77, 0.86, 0.35, 0.85,

and 0.36, respectively. Class III obesity, diabetes control, or gender did not impact on

the performance of the OWLiver Panel (p > 0.1). NITs for at‐risk MASH showed an

AUC > 0.70 except for NFS. MASEF showed the highest accuracy and NPV for at‐risk
MASH (AUC 0.77 [0.68–0.85], NPV 72%) and advanced fibrosis (AUC 0.80 [0.71–

0.88], NPV 92%). Combinations of NITs for the identification of at‐risk MASH did not

provide any additional benefit over using MASEF alone.

Conclusion: One‐step screening strategy with the OWLiver Panel has high accuracy

to detect MASH and at‐risk MASH in high‐risk subjects for MASLD.

K E YWORD S

at‐risk MASH, biopsy, fibroscan, MASEF score, MASLD, metabolic dysfunction‐associated

steatotic liver disease, metabolic syndrome, non‐invasive tests, OWLiver panel, type 2 diabetes

mellitus

INTRODUCTION

Metabolic dysfunction‐associated steatotic liver disease (MASLD) is a

leading chronic liver disease, projected to be the primary cause of

end‐stage liver disease and liver transplantation in the next decades.1

MASLD spans isolated steatosis to metabolic dysfunction‐associated

steatohepatitis (MASH), fibrosis and, cirrhosis.2 It also mediates

systemic diseases, predominantly causing morbidity and mortality via

cardiovascular disease,3 which denotes vast socio‐economic impact,

representing a major challenge for global public health.4 Early iden-

tification of high‐risk patients for effective disease management has

likely the potential to decrease overall mortality.

Type 2 diabetes mellitus (T2DM), age, and obesity are well‐
established risk factors for the development and progression of

MASLD5,6; thus, evaluating liver disease severity in this population at

risk is clinically relevant. Liver fibrosis represents the main risk factor

not only for liver‐related but also for overall mortality in MASLD

patients.3 In spite of this, steatohepatitis is the main driver of fibro-

genesis and patients with MASH and earlier stages of fibrosis are also

at risk for disease progression and adverse outcomes.2,7 Non‐
invasive tests (NITs), such as Fibrosis‐4 index (FIB‐4) and Non‐alco-

holic fatty liver disease (NAFLD) Fibrosis Score (NFS), have been

developed to rule in or out the risk of advanced fibrosis.8 However,

metabolic risk factors, such as obesity and T2DM, can affect the

diagnostic accuracy of NITs in MASLD.9–13 Regarding MASH, there

are few and inaccurate tests intended to detect liver inflammation.14

Deranged lipid metabolism is also associated with MASLD pro-

gression and therefore, alterations in liver and serum lipidomic sig-

natures are potential indicators of disease development and

progression.15 On this basis, several serum‐based lipidomic tests

have been designed to differentiate normal liver from MASLD and/or

isolated steatosis from MASH.16,17 Additionally, a lipidomic‐driven

Key summary

Established knowledge

� Liver inflammation in metabolic dysfunction‐associated

steatotic liver disease (MASLD) is considered an impor-

tant marker for disease activity and a trigger of fibrosis

progression and clinical outcomes; thus, early detection

of MASH and significant fibrosis (at‐risk MASH) provides

an opportunity to positively affect liver health.

� Given that type 2 diabetes mellitus (T2DM), age, and

obesity are well‐established risk factors for the devel-

opment and progression of MASLD, the evaluation of

screening strategies for detecting MASH and liver

fibrosis in these subjects is a priority.

New or significant findings

� We evaluated the performance of non‐invasive tests

(NITs), including the lipidomic test OWLiver Panel, for

the diagnosis of MASH and fibrosis in a cohort of sub-

jects at high risk of MASH progression (>50 years‐old,

overweight/obesity and T2DM).

� The OWLiver Panel correctly classified 86.1%, 78.8% and

90.7% as MASH, at‐risk MASH and advanced fibrosis,

respectively.

� Combinations of NITs for the identification of at‐risk
MASH did not provide any additional benefit over us-

ing OWLiver Panel alone.

� A one‐step screening strategy using the OWLiver Panel

can accurately predict the presence of MASH and at‐risk
MASH in subjects at high risk of MASH progression.
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score, the Metabolomics‐Advanced Steatohepatitis Fibrosis Score

(MASEF), that includes 12 lipids, body mass index (BMI), aspartate

aminotransferase (AST) and, alanine aminotransferase (ALT), has

recently demonstrated higher accuracy in identifying patients with

MASH and significant fibrosis (at‐risk MASH) than FibroScan‐AST

(FAST) score.18

Since lipidomic tests only require a minimal amount of serum or

plasma, it is plausible that these tests could be used as a tool to

screen for MASH and significant fibrosis in high‐risk populations for

MASLD with a one‐step approach. For this purpose, we aimed to

assess the ability of existing lipidomic scores to classify liver disease

in a cohort of subjects over 50 years of age with T2DM and BMI over

25 kg/m2, a population with a significantly higher risk of developing

advanced liver disease.

METHODS

Study design and participants

This is a multicentre, observational, and cross‐sectional study that

included biopsy‐proven MASLD patients from the Spanish HEPAmet

Registry.19 The present study enrolled patients from 7 hospitals in

Spain (Marqués de Valdecilla University Hospital, Santander; Uni-

versity Hospital of Valladolid, Valladolid; Virgen del Rocío University

Hospital, Seville; Araba University Hospital, Vitoria; Puerta de

Hierro University Hospital, Madrid; Gregorio Marañón University

Hospital, Madrid; and Ramón y Cajal University Hospital, Madrid).

The key selection/inclusion criteria were biopsy‐proven MASLD

patients with T2DM, BMI ≥ 25 kg/m2 and age ≥ 50 years. Target

MASLD patients were telephonically invited for the study. A history

and physical examination were performed on all patients who

agreed to participate between July 2019 and July 2020. A vibration‐
controlled transient elastography (VCTE) was performed and fasting

blood samples were drawn for routine laboratory tests, as well as

for metabolomic tests. Only patients who met all the inclusion

criteria, had no liver disease other than MASLD, had no increased

alcohol consumption (≥20 g/day in females and ≥30 g/day in males),

showed no direct or indirect signs of portal hypertension and, had a

liver biopsy within the past 6 months were considered for the

analysis.

The study was carried out in accordance with the principles of

the Helsinki Declaration and approved by the Ethics Committees for

Clinical Research of the different participating hospitals in Spain. All

the participants signed the corresponding written informed consent

form.

Non‐invasive assessment of liver fibrosis

We used clinical and laboratory data obtained at the clinical visit to

calculate the FIB‐4, NFS and FAST, using published formulas.20–22

Cutoff values for advanced fibrosis were those previously published

(FIB‐4: 1.3 and 2.67; NFS: −1.455 and 0.676).21–23 Given that FIB‐4
and NFS were designed to identify advanced fibrosis, and FAST was

developed for detecting significant fibrosis, we considered the lower

thresholds of FIB‐4 and NFS, along with the higher threshold of FAST

(0.67), as indicators of a high risk of significant fibrosis for the com-

parison between non‐invasive markers.

Liver stiffness measurements (LSMs) were obtained using VCTE

(FibroScan®, Echosens, Paris, France) at corresponding centers by

experienced professionals and using the probe recommended by the

device for each individual patient. For the analysis, we only consid-

ered successful measurements based on at least 10 valid measure-

ments, a success rate above 60% and an interquartile range of < 30%

of the median value. According to several studies, we considered a

cut‐off value of 7.6 kPa for significant fibrosis (F ≥ 2), and 8.8 kPa for

advanced fibrosis (F ≥ 3).24

Liver histology

Liver biopsy was used as the reference. Biopsies were read at each

center by a single expert pathologist. To ensure accurate diagnosis,

only biopsy samples with a length of at least 15 mm and containing

at least 10 portal tracts were included in the study. NAFLD activity

score (NAS) and fibrosis were assessed using the NASH‐CRN his-

tologic system. MASH was defined by the presence of steatosis,

lobular inflammation, and ballooning.25 The severity of fibrosis was

staged from 0 to 4. Early MASH was defined as MASH with no or

mild fibrosis (F0‐F1), and at‐risk MASH as MASH with NAS ≥ 4 and

concomitant ≥ F2. Given the possibility of “burn out” MASH, all

patients with advanced fibrosis were considered as at‐risk for

MASH.

OWLiver panel

OWLiver DM2 and MASEF Score18 are serum‐based BMI‐dependent

lipidomic tests that discriminate between isolated steatosis and

MASH, and not at‐risk MASH and at‐risk MASH, respectively. These

tests were developed and validated in multi‐ethnic population, aged

18 or above.

The individual algorithms, OWLiver DM2 and MASEF, are

multivariable logistic regression algorithms that combine a panel of

16 and 12 lipid species, respectively, with BMI, ALT and AST to

obtain a predicted probability score (ranging from 0 to 1) of MASH

(OWLiver DM2) or of at‐risk MASH (MASEF).

Both tests could be run sequentially using an algorithm called

OWLiver Panel. With this algorithm, patients are first classified as at‐
risk MASH or not at‐risk MASH using the MASEF score and then,

those not at‐risk MASH, are subsequently classified as isolated

steatosis or MASH using the OWLiver DM2 score. Cutoff values

were those previously published.18,26
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Statistical analysis

Qualitative variables were expressed as absolute value and corre-

sponding proportion, and quantitative variables as mean and stan-

dard deviation. Missing values were excluded. Categorical variables

were analyzed using chi‐square test, and continuous variables with

the Mann–Whitney U test.

For single test analysis, test performances have been measured

using the Receiver Operating Characteristic (ROC) curve, a graphical

method used to evaluate the performance of a binary classification

model. The ROC curve displays the trade‐off between sensitivity

(true positive rate) and specificity (true negative rate) across a range

of classification thresholds. Package pROC 1.17.0.1 was used to

calculate area under the ROC curves (AUC) and compare AUCs be-

tween subgroups (presence of class III obesity, diabetes control,

gender, and antidiabetic medication use) with DeLong's test. Accu-

racy, sensitivity, specificity, negative predictive value (NPV) and

positive predictive value (PPV) were also calculated for each test.

For a combination of tests, performances have been measured

using scores of accuracy, sensitivity, specificity, NPV and PPV. In the

graphs, these estimated scores have been plotted together with 95%

confidence intervals, being calculated as exact binomial confidence

limits using package “epiR” v2.0.41. In tables, performance scores

have been reported along with standard error.

RESULTS

Baseline characteristics of study subjects

A total of 224 patients were recruited for the study. However, only

patients who had liver biopsy, VCTE, and laboratory tests within a 6‐
month period (n = 124) were considered for the analysis. The pa-

tients' characteristics are summarized in Table 1.

Patients were divided into three groups based on results from

liver biopsy: Isolated steatosis (n = 23, 18.6%), early MASH (n = 35,

28.2%), and at‐risk MASH (n = 66, 53.2%). Patients with at‐risk
MASH were more frequently men and had higher levels of AST,

gamma‐glutamyl transferase and LSM by VCTE than the early MASH

group. All NITs for liver fibrosis were significantly elevated in pa-

tients with at‐risk MASH.

Performance of OWLiver panel for the MASH

diagnosis in high‐risk patients

Of the total number of biopsy‐proven MASLDs, the OWLiver Panel

identified isolated steatosis in 22 (17.7%) patients, early MASH in 28

(22.6%), and at‐risk MASH in 74 (59.7%). Compared to liver biopsy

results, the OWLiver Panel correctly identified 86.1% and 78.8%

patients as MASH and at‐risk MASH, respectively (Figure 1). The

OWLiver Panel classified as at‐risk MASH 7 patients with isolated

steatosis at liver biopsy (30.4%), and as isolated steatosis 5 patients

with at‐risk MASH (7.6%) and 9 patients with early MASH at liver

biopsy (25.7%) (Figure 1). When used to distinguish between isolated

steatosis and MASH, the OWLiver Panel accuracy, sensitivity, spec-

ificity, PPV, and NPV were 0.77, 0.86, 0.35, 0.85, and 0.36,

respectively.

We examined the role of class III obesity and other variables on

test performance. As can be observed in Figure 2 and in Table 1, the

OWLiver Panel performed similarly in patients with class III obesity

versus patients without class III obesity, men versus women and in

patients with good diabetes control (GDC) (defined as HbA1c ≤ 7.0%)

versus those with uncontrolled diabetes, since p‐values were higher

than 0.1 for all comparisons. Considering that certain antidiabetic

medications have demonstrated efficacy in reducing steatosis, we

have assessed the influence of sodium‐glucose transport protein two

inhibitors (iSGLT2) and/or glucagon‐like peptide 1 agonists (aGLP1)

on the OWLiver Panel's diagnostic accuracy. Our analysis revealed

no significant performance disparities between patients receiving

these treatments and those who do not (Figure 2 and Table 1).

Performance of NITs for the diagnosis of fibrosis due

to MASLD in high‐risk patients

Although non‐invasive fibrosis methods are well validated for diag-

nosing advanced fibrosis, they have shown poor performance for

diagnosing significant fibrosis in patients with T2DM or class III

obesity. For this reason, we assessed and compared the performance

of different easy‐to‐obtain fibrosis methods in our cohort of high‐risk
patients, including the metabolomics‐based score. Performance

metrics to discriminate patients with significant and advanced

fibrosis of MASEF, FIB4, NFS, VCTE and FAST are shown in Table 2.

The MASEF score identified 56.5% (13/23) of patients with MASH

and F2, and 90.7% (39/43) with MASH and F3‐F4. MASEF signifi-

cantly outperformed FAST for the identification of at‐risk MASH

(sensitivity values of 78.8% vs. 45.5%; p < 0.001). Additionally,

MASEF had the highest NPV for both advanced fibrosis and signifi-

cant fibrosis, while FAST had the highest PPV for significant fibrosis.

The performance of NITs was overall better for the diagnosis of

advanced fibrosis than for significant fibrosis (Figure 3a‐b). The AUC

to detect significant fibrosis for MASEF, FIB‐4, NFS, VCTE and FAST

were 0.77 (0.68–0.85), 0.76 (0.67–0.84), 0.62 (0.51–0.72), 0.73

(0.64–0.81), and 0.71 (0.62–0.80), respectively. The AUC to detect

advanced fibrosis for MASEF, FIB‐4, NFS, VCTE and FAST were 0.80

(0.71–0.88), 0.77 (0.69–0.85), 0.65 (0.55–0.75), 0.72 (0.62–0.81), and

0.67 (0.57–0.77), respectively. MASEF significantly outperformed

NFS for the identification of significant fibrosis (p = 0.019) and

advanced fibrosis (p = 0.03). The overall performance of MASEF and

FAST, FIB‐4, or VCTE was not significantly different. No significant

differences were observed in the performance of these tests among

patients with class III obesity, without diabetes control, male sub-

jects, or treatment with iSGLT2 and/or aGLP1 (Figure 1 and Table 2).
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Performance of combination of NITs for the diagnosis

of at‐risk MASH

Several algorithms, combining blood tests and VCTE, have been

proposed for the identification of patients at greater risk of

MASLD progression, especially in primary care settings and using

widely available and easy‐to‐obtain blood test.27,28 Therefore, we

evaluated different sequential (one initial test followed by addi-

tional test if significant fibrosis risk is identified) and parallel (using

two tests at the same time) combinations of blood tests for the

TAB L E 1 Clinical and biochemical characteristics of the patients included in the study.

Isolated steatosis

MASH

p‐value AllEarly MASH “at‐risk” MASH

N 23 35 66 124

Age (year) 60.43 � 5.14 59.37 � 6.17 60.82 � 5.96 0.931 60.34 � 5.87

Gender Male: 14 (61%) Male: 9 (26%) Male: 34 (52%) 0.112 Male: 57 (46%)

Female: 9 (39%) Female: 26 (74%)a Female: 32 (48%)b Female: 67 (54%)

BMI 34.09 � 5.57 36.01 � 6.13 34.17 � 5.14 0.576 34.67 � 5.53

Class III obesity (BMI ≥ 40) 5 (22%) 6 (17%) 8 (12%) 0.346 19 (15%)

Abdominal perimeter (cm) 113.25 � 16.35 114.06 � 12.3 115.01 � 11.63 0.683 114.44 � 12.56

Diabetes mellitus 23 (100%) 35 (100%) 66 (100%) ‐ 124 (100%)

Arterial hypertension 13 (57%) 21 (60%) 45 (68%) 0.581 79 (64%)

Dyslipidemia 21 (91%) 20 (57%)a 47 (71%) 0.034 88 (71%)

Glucose (mg/dL) 123.78 � 46.55 127.94 � 42.56 134.36 � 42.09 0.267 130.59 � 42.92

HbA1c (%) 6.41 � 0.96 (n = 18) 6.52 � 0.99 (n = 31 6.78 � 0.9 (n = 54) 0.262 6.63 � 0.94

HOMA‐IR 5.62 � 4.65 5.34 � 3.4 8 � 4.98a,b 0.132 6.78 � 4.65

AST (U/L) 33.04 � 15.17 34.26 � 20.5 51.55 � 30.28a,b 0.064 43.23 � 26.86

ALT (U/L) 46.09 � 23.64 47.77 � 33.04 62.11 � 43.78 0.469 55.09 � 38.36

GGT (U/L) 73 � 63.5 73.51 � 95.47 136.82 � 135.36a,b 0.085 107.11 � 118.05

Bilirubin (mg/dL) 0.58 � 0.33 (23) 0.59 � 0.31 (35) 0.64 � 0.43 (66) 0.826 0.62 � 0.38 (124)

Albumin (g/dL) 4.58 � 0.25 (23) 4.5 � 0.35 (34) 4.53 � 0.32 (64) 0.697 4.53 � 0.31 (121)

Triglycerides (mg/dL) 165.52 � 50.47 161.46 � 76.51 187.6 � 126.21 0.666 176.03 � 102.96

Total cholesterol (mg/dL) 176.39 � 31.11 175.91 � 26.91 180.48 � 32.75 0.725 178.44 � 30.74

LDL cholesterol (mg/dL) 94.81 � 26.75 96.16 � 27.26 103.37 � 32.68 0.408 99.74 � 30.19

HDL cholesterol (mg/dL) 45.24 � 8.92 47.91 � 11.59 46.22 � 11.07 0.551 46.52 � 10.82

Platelets (x 109/L) 231 � 82.22 250 � 62.58 207 � 68.81b 0.579 223 � 71.77

FIB‐4 1.39 � 0.52 (23) 1.25 � 0.58 (35) 2.28 � 1.49 (66)a,b 0.146 1.82 � 1.25 (124)

NFS −0.36 � 1.38 (23) −0.42 � 1.08 (34) 0.17 � 1.02 (64)b 0.554 −0.1 � 1.14 (121)

FAST 0.38 � 0.22 (22) 0.4 � 0.26 (35) 0.59 � 0.24 (66)a,b 0.023 0.5 � 0.26 (123)

LSM (kPa) 10.47 � 5.54 11.03 � 4.69 17.01 � 10.12a,b 0.005 14.11 � 8.68

LSM > 8.8 kPa 12 (52%) 22 (63%) 55 (83%)a,b 0.040 89 (72%)

CAP (dB/m) 292 � 80.60 309 � 63.74 309 � 58.71 0.258 305 � 64.42

Note: Data are presented as mean (standard deviation), or as n (percentage). p values represent comparison among isolated steatosis and MASH groups.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter.; FAST,

FibroScan‐aspartate aminotransferase; FIB‐4, Fibrosis‐4 index; GGT, gamma‐glutamyl transferase; HbA1c, hemoglobin A1c; HDL, high density

lipoprotein; HOMA‐IR, homeostatic model assessment for insulin resistance; LDL, low density lipoprotein; LSM, liver stiffness measurement; NFS,

NAFLD Fibrosis Score.
ap < 0.05 compared to isolated steatosis group.
bp < 0.05 compared to early MASH group.
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identification of patients with significant fibrosis. Table 3 shows

the sensitivity, specificity, PPV, and NPV for all these combina-

tions. As can be observed, an algorithm with MASEF showed

greater accuracy for the diagnosis of at‐risk MASH. Using MASEF

and NFS at the same time for the diagnosis of at‐risk MASH

resulted in a proportion of true results of 71.1% (�4.0). Classifying

as at‐risk MASH when at least one out of these two tests was

positive, the PPV was 72.3% (�5.3). Classifying as negative for at‐
risk MASH if both tests were negative, then the NPV was 69.6%

(�5.9). However, the combination of MASEF with any other NIT

did not show any benefit to the use of MASEF alone (Figure 4).

Only its combination with FIB‐4 (at the same time or before) or

VCTE got to minimally improve the PPV, from 70.3% (�5.1) to

73.7% (�5.5) and 73.4% (�5.3), respectively.

DISCUSSION

In this study, we assessed the ability of existing lipidomic scores,

OWLiver Panel, to be used as a tool for screening of MASH and

significant fibrosis in a high‐risk population for MASLD, such as

subjects over 50 years of age with T2DM and BMI over 25 kg/m2.

Besides, we compared the most widely available NITs for the diag-

nosis of at‐risk MASH or advanced fibrosis in this population. Overall,

the OWLiver Panel, using a one‐step approach, has high accuracy in

predicting the presence of isolated steatosis and MASH as well as

significant fibrosis in subjects at high‐risk for MASLD, and showed

higher performance compared to non‐patented blood tests and their

combinations for identifying at‐risk MASH.

Today, the major challenge for physicians is to identify MASLD

patients who develop advanced fibrosis and have an unfavorable

outcome. Given that T2DM, age, and obesity are well‐established risk

factors for the development and progression of MASLD,1,29 the

evaluation of screening strategies for detecting liver fibrosis in these

subjects is a priority. A recent individual patient data meta‐analysis

evaluated some of the most widely available NITs such as VCTE,

FIB‐4 and NFS, showing AUCs of 0.85, 0.76 and 0.73 for advanced

fibrosis, respectively.30 However, the performance of NITs for the

diagnosis of liver fibrosis has not been carefully assessed in individuals

at high‐risk for MASLD. Indeed, several studies have shown worse

diagnostic performance of NITs in patients with obesity,11 and pa-

tients with diabetes.10,12 In our study cohort of overweight/obese and

diabetic patients, the performance of NFS was found to be inadequate,

with AUC of ~0.60 for both significant and advanced fibrosis. Notably,

the MASEF score achieved an AUC of 0.80 (0.71–0.88) for advanced

fibrosis and 0.77 (0.68–0.85) for significant fibrosis, demonstrating

strong performance among the NITs evaluated.

MASEF is a metabolomics‐driven score recently development

and validate using 1355 biopsy‐proven MASLD patients from inter-

national tertiary centers to identify at‐risk MASH, showing a good

diagnostic accuracy with an AUC of 0.79 (0.75–0.83).18 It is a diag-

nostic accuracy similar to what we showed in our cohort of MASLD

high‐risk subjects (AUC 0.77). Patients with bridging fibrosis or

F I GUR E 1 OWLiver Panel for the diagnosis and

characterization of metabolic dysfunction‐associated steatotic liver

disease in high‐risk subjects. Results of the OWLiver Panel among

patients with isolated steatosis, early MASH and at‐risk MASH at

liver biopsy.

F I GUR E 2 Diagnostic accuracy for MASH using the OWLiver Panel according to the presence of class III obesity, diabetes mellitus control,

gender and iSGLT2/aGLP1 treatment. Error bars represent 95% CIs. The gray area corresponds to the 95% CI of the total cohort. CI,

confidence interval; GDC, good diabetes control; NPV, negative predictive value; PPV, positive predictive value.
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cirrhosis are at the highest risk of future liver‐related morbidity,31

but liver inflammation is considered as an important marker for

disease activity and a trigger of fibrosis progression and clinical

outcomes32; thus, early detection of MASH and significant fibrosis

(at‐risk MASH) provides a potential opportunity to positively affect

liver health. This need for early‐stage diagnosis of MASLD is

becoming increasingly relevant since efficacious drug treatments are

likely to be available within the next few years, and will need to be

targeted at those with the greatest risk of disease‐related morbidity.

In our study, the application of MASEF in subjects at high‐risk for

MASLD was able to detect 78.8% of patients with at‐risk MASH, and

showed good sensitivity (78.8% and 90.7%) and the highest NPV

(72.0% and 92.0%) for both significant and advanced fibrosis,

respectively, suggesting that MASEF is a good screening tool to

detect patients at the highest risk of liver disease progression.

Another NIT developed for the detection of at‐risk MASH is the

FAST score, which also showed a good diagnostic accuracy with an

AUC of 0.80 (0.76–0.85).22 However, the performance of FAST in our

TAB L E 2 Accuracy of non‐invasive fibrosis tests for diagnosis of significant and advanced fibrosis.

Fibrosis diagnosis Fibrosis test Cut‐off Diagnostic accuracy Se Sp NPV PPV

Significant fibrosis MASEF 0.33 71.0 � 4.0 78.8 � 4.6 62.1 � 6.3 72.0 � 6.0 70.3 � 5.1

FIB‐4 1.3 64.5 � 4.3 72.7 � 5.3 55.2 � 6.7 64.0 � 6.7 64.9 � 5.5

NFS −1.455 54.5 � 4.6 92.2 � 2.7 12.3 � 5.8 58.3 � 13.5 54.1 � 4.9

VCTE 7.6 58.9 � 4.4 87.9 � 3.4 25.9 � 6.7 65.2 � 9.4 57.4 � 5.0

FAST 0.67 64.2 � 4.3 45.5 � 6.5 86.0 � 3.9 57.6 � 5.5 78.9 � 5.9

Advanced fibrosis MASEF 0.33 68.5 � 4.1 90.7 � 3.4 56.8 � 5.6 92.0 � 3.0 52.7 � 6.0

FIB‐4 2.67 71.0 � 4.0 27.9 � 8.1 93.8 � 2.1 71.0 � 4.3 70.6 � 9.7

NFS 0.676 68.6 � 4.1 39.5 � 8.2 84.6 � 3.7 71.7 � 4.5 58.6 � 9.1

VCTE 8.8 54.8 � 4.6 90.7 � 3.4 35.8 � 5.8 87.9 � 4.4 42.9 � 5.5

FAST 0.67 66.7 � 4.2 46.5 � 8.1 77.5 � 4.4 72.9 � 4.6 52.6 � 8.4

Note: Statistics are presented as percentage � SD. Established cut‐off points for each non‐invasive test.

Abbreviations: FAST, FibroScan‐aspartate aminotransferase; FIB‐4, Fibrosis‐4 index; MASEF, metabolomics‐advanced steatohepatitis fibrosis score;

NFS, NAFLD fibrosis score; NPV, negative predictive value; PPV, positive predictive value.; Se, sensitivity; Sp, specificity; VCTE, vibration‐controlled

transient elastography.

F I GUR E 3 Comparison of AUCs obtained in the study population. Comparisons between MASEF and other NITs for the diagnosis of

(a) significant and (b) advanced fibrosis in high‐risk patients. AUC, area under the receiver operating characteristic curve; FAST, FibroScan‐
aspartate aminotransferase; FIB‐4, Fibrosis‐4 index; MASEF, Metabolomics‐Advanced Steatohepatitis Fibrosis Score; NFS, NAFLD Fibrosis

Score; NITs, non‐invasive tests; VCTE, vibration‐controlled transient elastography.
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cohort of patients was lower (AUC 0.71 [0.62–0.80]), with a poor

sensitivity (45.5%).

The most used NITs for the evaluation of liver fibrosis have

excellent NPVs to confidently exclude advanced fibrosis, but also

have high rates of false positive results and wide gray zone, limiting

their ability to affirm the diagnosis.8 Several studies have shown that

combining NITs helps to reduce this gray zone and furthermore in-

creases the PPV.27,28 The use of sequential and parallel combinations

of NITs was also assessed in our study. No major significant im-

provements in the overall performance were observed when these

strategies were tested. Indeed, the use of MASEF alone or algorithms

with MASEF showed numerically higher accuracy for the diagnosis of

at‐risk MASH than algorithms without MASEF.

One advantage of metabolomics‐driven scores is that while the

FAST score relies on the availability of VCTE, MASEF only requires

serum. Moreover, with the application of OWLiver DM2 together

with the MASEF score (OWLiver Panel) in the same blood sample, it

is possible to discriminate between isolated steatosis and MASH. In

our study, the OWLiver Panel showed a good sensitivity (86%) and

PPV (85%) for MASH diagnosis. Among the MASH patients in our

cohort (n = 101), only 14 patients (13.9%) were classified as isolated

steatosis by the OWLiver Panel. Therefore, the OWLiver Panel can

discriminate with great accuracy the different stages of MASLD

among high‐risk MASLD subjects with a simple blood test. The

identification and grading of MASLD are essential components for a

comprehensive assessment of this liver disease. Indeed, defining the

severity of MASLD will become even more important as effective

treatment options become available.

Serum lipidomics profiles can depend on the level of obesity and

glycemia.16,17,33 However, we showed that the OWLiver Panel per-

formed similarly in patients with class III obesity and those without

class III obesity, in patients with GDC and those with uncontrolled

TAB L E 3 Accuracy of sequential testing for the diagnosis of significant fibrosis.

Sequential/parallel tests Cut‐off N Diagnostic accuracy (%) Se Sp NPV PPV

MASEF 0.33 124 71.0 � 4.0 78.8 � 4.6 62.1 � 6.3 72.0 � 6.0 70.3 � 5.1

FIB‐4 → NFS 1.3–2.67/−1.544 123 64.2 � 4.3 72.3 � 5.3 55.2 � 6.7 64.0 � 6.7 64.4 � 5.6

NFS → FIB‐4 −1.544–0.676/1.3 121 62.0 � 4.4 71.9 � 5.4 50.9 � 6.9 61.7 � 7.0 62.2 � 5.6

FIB‐4 þ NFS 1.3/−1.544 122 63.9 � 4.3 71.9 � 5.4 55.2 � 6.7 64.0 � 6.7 63.9 � 5.6

FIB‐4 → MASEF 1.3–2.67/0.33 124 68.5 � 4.1 63.6 � 5.9 74.1 � 5.4 64.2 � 5.8 73.7 � 5.5

FIB‐4 þ MASEF 1.3/0.33 124 68.5 � 4.1 63.6 � 5.9 74.1 � 5.4 64.2 � 5.8 73.7 � 5.5

NFS → MASEF −1.544–0.676/0.33 121 69.4 � 4.1 79.7 � 4.6 57.9 � 6.6 71.7 � 6.3 68.0 � 5.3

NFS þ MASEF −1.544/0.33 121 71.1 � 4.0 73.4 � 5.3 68.4 � 6.0 69.6 � 5.9 72.3 � 5.3

MASEF → VCTE 0.33/7.6 124 71.0 � 4.0 71.2 � 5.4 70.7 � 5.7 68.3 � 5.8 73.4 � 5.3

FIB‐4 → VCTE 1.3–2.67/7.6 124 66.1 � 4.2 66.7 � 5.7 65.5 � 6.1 63.3 � 6.2 68.8 � 5.6

FIB‐4 þ VCTE 1.3/7.6 124 65.3 � 4.2 65.2 � 5.8 65.5 � 6.1 62.3 � 6.2 68.3 � 5.7

Note: Statistics are presented as percentage � SD.

Abbreviations: FIB‐4, Fibrosis‐4 index; MASEF, metabolomics‐advanced steatohepatitis fibrosis Score; NFS, NAFLD fibrosis score; NPV, negative

predictive value; PPV, positive predictive value.; Se, sensitivity; Sp, specificity; VCTE, vibration‐controlled transient elastography.

F I GUR E 4 Diagnostic accuracy for significant fibrosis using different combinations of NITs in study population. Error bars represent 95%

CIs. The gray area corresponds to the 95% CI of MASEF alone. CI, confidence interval; FAST, FibroScan‐aspartate aminotransferase; FIB‐4,

Fibrosis‐4 index; MASEF, Metabolomics‐Advanced Steatohepatitis Fibrosis Score; NFS, NAFLD Fibrosis Score; NITs, non‐invasive tests; NPV,

negative predictive value; PPV, positive predictive value; VCTE, vibration‐controlled transient elastography.
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diabetes and, between men and women. It is significant to note that

whereas the previous OWLiver Test, designed to differentiate be-

tween steatosis and MASH, was derived from a non‐diabetic popu-

lation,17 the development of the OWLiver Panel took into account a

variety of populations with differing diabetic statuses.18,34

Strengths of our study include the participation of several cen-

ters and the inclusion of only subjects with liver histology. Further-

more, the high prevalence of MASH and significant fibrosis in our

study cohort makes it relevant to routine practice. However, our

study has some limitations. First, the predominantly Caucasian

composition of our participant cohort and the small sample size may

limit the generalizability of our findings. Second, potential selection

bias was due to our study population being from a tertiary care

setting and undergoing liver biopsy. These limitations underscore the

need for cautious interpretation of our conclusions and suggest that

further studies with larger cohorts are necessary to validate our

findings and ensure their applicability to a wider patient de-

mographic. Second, histology results were not centralized and vari-

ability in recognition of elementary lesions or composite diagnosis

might have occurred. Third, the absence of a cost‐benefit analysis,

which restricts our ability to assess the economic feasibility and

practicality of implementing the OWLiver Panel in routine clinical

practice. Finally, although our study examined some of the most

widely available NITs, other NITs developed for the diagnosis of at‐
risk MASH have not been measured; therefore, this should be

explored in future studies.

In conclusion, the one‐step screening approach using the OWL-

iver Panel demonstrates a reliable level of accuracy in identifying

advanced fibrosis, and MASH with significant fibrosis among in-

dividuals at high risk for MASLD. Its application could be considered

beneficial in populations with high risk of MASLD from primary care

and endocrinology settings, potentially reducing the need for addi-

tional diagnostic testing. This approach may improve the care

pathway for this prevalent liver disease.
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