United European Gastroenterology Journal W l L EY

UNITED EUROPEAN
GASTROENTEROLOGY @ l

ueg journa

| ORIGINAL ARTICLE

Key Predictors of Relevant Weight Loss in Patients With
Metabolic Dysfunction-Associated Steatotic Liver Disease

Nicola Pugliese’? | Ivan Arcari'? | Federica Cerini** | Rosa Lombardi®® (> | Federica Turati* | Grazia Pennisi’ |
Matteo Soleri'” | Simone Rocchetto®* | Diletta De Deo'* | Michele Sagasta'® | Chiara Masetti'? |
Anna Ludovica Fracanzani®® | Salvatore Petta’ @ | Carlo La Vecchia* | Mauro Vigano® | Alessio Aghemo'?

"Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Italy | *Division of Internal Medicine and Hepatology, Department of
Gastroenterology, IRCCS Humanitas Research Hospital, Rozzano, Italy | *Hepatology Unit, San Giuseppe Hospital, Milan, Italy | “Department of Clinical
Sciences and Community Health, University of Milan, Milan, Italy | *Unit of Metabolic Disease, Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico di Milano, Milan, Italy | *Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy | “Section of Gastroenterology,
PROMISE, University of Palermo, Palermo, Italy | *Division of Gastroenterology and Hepatology, Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico di Milano, Milan, Italy | °Gastroenterology, Hepatology and Transplantation Unit, ASST Papa Giovanni XXIII, Bergamo, Italy

Correspondence: Alessio Aghemo (alessio.aghemo@hunimed.eu)
Received: 12 December 2024 | Revised: 24 January 2025 | Accepted: 31 March 2025

Funding: The research leading to these results has received funding from MIUR under PNRR M4C2I1.3 Heal Italia project PE00000019 CUP
B73C22001250006 to Prof. Salvatore Petta. The project is supported by Italian PNRR-MAD-2022-12375656 project to Prof. Salvatore Petta. The project is
supported by PRIN 2022 2022L273C9 to Prof. Salvatore Petta. The project is supported by RF-2021-12372399 to Prof. Salvatore Petta.

Keywords: diet | exercise | GLP-1 agonists | lifestyle modification | MASLD | metabolic syndrome | obesity | steatotic liver disease | type 2 diabetes |
weight loss

ABSTRACT

Background and Aims: Weight loss is an effective therapeutic strategy for patients with metabolic dysfunction-associated
steatotic liver disease (MASLD). This study aimed to identify factors that predict relevant weight loss, defined as at least 7%
of initial body weight, in MASLD outpatients.

Method: We retrospectively included all MASLD patients referred to four Italian tertiary centers between January 2019 and
December 2021. Patients received lifestyle modification advice according to current guidelines, with reassessment of anthro-
pometric measures after 18-24 months.

Results: A total of 897 patients were included. The majority were male (57%) with a mean age of 61.6 + 13.3 years and a mean
baseline body mass index (BMI) of 30.3 =+ 4.5 kg/ m>. Comorbidities included type 2 diabetes (T2D; 36%), arterial hypertension
(54.7%) and dyslipidemia (55.2%). Over a median observation period of 21 months, 164 (18.3%) patients achieved relevant
weight loss. Multiple adjusted regression analysis identified baseline BMI between 30 and 34.9 kg/m? (odds ratio, OR = 1.95,
95% confidence interval, CI: 1.30-2.95) or > 35 kg/m? (OR = 2.08, 95% CI: 1.21-3.57), use of GLP-1 agonists for T2D (OR 1.85,
95% CI: 1.19-3.80), bilirubin levels > 1.2 mg/dL (OR 2.12, 95% CI: 1.29-3.51) nutritionist support (OR 2.04, 95% CI: 1.12-3.71)
and liver stiffness measurement (LSM) > 10 kPa (OR 1.70, 95% CI: 1.07-2.70) as independent predictors of relevant weight loss.
Conclusions: Baseline BMI > 30 kg/m?, use of GLP-1 agonists, elevated bilirubin levels, support from a nutritionist and LSM >
10 kPa are significant predictors of relevant weight loss in MASLD patients. These findings underscore the importance of
personalized interventions in MASLD management.
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Summary

o 18.3% of MASLD patients achieved > 7% weight loss at a
median follow-up of 21 months.

« Higher BMI, bilirubin levels, nutritionist support and
use of GLP-1 RA were predictors of significant weight
loss.

e LSM > 10 kPa linked with greater weight loss, possibly
due to increased patient awareness and engagement.

o Tailored interventions and the Mediterranean diet
highlighted the importance of culturally adapted life-
style changes.

1 | Introduction

Metabolic  dysfunction-associated steatotic liver disease
(MASLD) represents a global public health concern, with pro-
jections indicating that it will become the leading cause of liver
transplantation in the coming decades [1]. Prevalence estimates
in the general population range from 20% to 40%, but this figure
is significantly increased in people with obesity, type 2 diabetes
(T2D), and dyslipidemia [1, 2]. MASLD is a spectrum of disor-
ders that ranges from simple liver fat accumulation to metabolic
dysfunction-associated steatohepatitis (MASH), which has the
potential to progress to liver cirrhosis and hepatocellular car-
cinoma [1]. The “multiple hits” hypothesis, which includes
factors such as nutrition, lifestyle and gut microbiota acting on
genetic or epigenetic susceptibilities, is recognized in explaining
the pathophysiology of MASH (2, 3].

In view of the progressive nature of MASLD, lifestyle changes
aimed at significant weight loss remain a pivotal aspect of disease
management [4, 5]. Notwithstanding the recent Food and Drug
Administration (FDA) approval of Resmetirom as the first pre-
scription drug for non-cirrhotic MASH and the ongoing phase 3
trials of promising agents, lifestyle interventions remain a critical
aspect of management given the evidence that weight loss has a
beneficial effect on liver histology [6-8]. Current guidelines
define significant weight loss as a reduction of 5%-10% of baseline
body weight [4, 5]. A minimum of a 5% reduction in body weight
is associated with an improvement in steatosis, while a 7%
reduction is linked to a reduction in lobular inflammation and
hepatocyte ballooning. Furthermore, a 10% reduction in body
weight is associated with improved liver fibrosis [7, 8].

Achieving a significant weight loss requires a multidisciplinary
approach, with the implementation of a hypocaloric healthy diet
and physical activity as the basis of the intervention [4, 5].
Subsequently, the use of pharmacological and surgical ap-
proaches can be considered [4, 5, 9].

The proportion of patients who achieve weight loss 12-
18 months after initial evaluation is typically low [10]. Coun-
seling to enhance patient awareness of liver disease, nutritional
support, and physical activity guidance have been demonstrated
to be effective [7, 11].

This study aims to identify the clinical predictors of successful
and sustained weight loss in patients with MASLD.

Identification of these predictors may facilitate the development
of effective weight loss strategies and improve overall outcomes
in this population.

2 | Methods
2.1 | Patients Selection and Data Collection

This retrospective, multicenter study included all patients aged
18 years or older who were referred for a MASLD diagnosis be-
tween January 2019 and December 2021 and had a follow-up visit
between 18 and 24 months later at Humanitas Research Hospital
in Rozzano, San Giuseppe MultiMedica Hospital in Milan, Ca’
Granda Ospedale Maggiore Policlinico in Milan and Policlinico
Paolo Giaccone in Palermo. The study utilized existing medical
records to collect baseline and follow-up data, including de-
mographic, clinical, anthropometric, and biochemical parame-
ters, along with liver stiffness measurements.

The diagnosis of MASLD was based on the presence of hepatic
steatosis identified by ultrasound in combination with at least
one of the following cardiometabolic risk factors: (1) a body mass
index (BMI) > 25 kg/m2 (23 kg,/m2 for Asia) or a waist circum-
ference > 80 cm for females or > 90 cm for males; (2) a fasting
glucose > 100 mg/dL, diagnosis of T2D, or use of glucose-
lowering medication; (3) blood pressure > 130/85 mmHg or use
of anti-hypertensive drug; (4) triglycerides level > 150 mg/dL or
use of lipid-lowering medication; or (5) high-density lipoprotein
(HDL) cholesterol level < 40 mg/dL for males or < 50 mg/dL for
females, or use of lipid-lowering medication [1].

Patients were excluded if they had secondary causes of chronic
liver disease (e.g., hepatitis B or C, genetic or autoimmune/
cholestatic liver diseases), self-reported alcohol consumption
exceeding 30 g per day for men and 20 g per day for women, or
the use of hepatotoxic drugs. Patients were also excluded if they
had human immunodeficiency virus (HIV), celiac disease,
neoplasia, a history of organ transplantation or bariatric sur-
gery/endoscopy. Patients with a history of bariatric surgery/
endoscopy were excluded as they resulted in significant meta-
bolic and physiological changes, potentially introducing bias
that could confound the evaluation of predictors of weight loss
with standard lifestyle changes and pharmacological in-
terventions in MASLD patients. Furthermore, patients who
were unable to undergo a vibration-controlled transient elas-
tography (VCTE) examination, those with evidence of decom-
pensated advanced chronic liver disease or HCC, and those with
a BMI less than 23.5 were excluded.

At the initial visit, demographic data (sex, age, and ethnicity),
clinical characteristics, and biochemical parameters were
collected. The collected data also included smoking habits and
the presence of metabolic comorbidities such as arterial hyper-
tension, T2D and dyslipidaemia. Patients’ weight and height
were measured, and their BMI (kg/m?) was calculated.
Furthermore, a detailed examination of each patient's current
medication history was undertaken, with attention to the
pharmacological agents employed for the treatment of meta-
bolic comorbidities.
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Biochemical data of interest were measured by standard labo-
ratory tests and included platelet count, liver damage and
function tests, lipid profile, and serum fasting glucose. Serum
bilirubin levels were quantified using standard laboratory
techniques, with the total bilirubin and direct bilirubin fractions
being recorded. An elevation in bilirubin was defined as a level
of > 1.2 mg/dL with levels not exceeding 3 mg/dL. Patients
exhibiting elevated bilirubin levels underwent a comprehensive
evaluation to exclude those with decompensated liver disease
and/or with cholestatic diseases, thereby ensuring that the
observed increase was consistent with benign conditions, such
as Gilbert's syndrome, and not attributable to liver disease.

Moreover, each patient also underwent VCTE using the Fibro-
scan device manufactured by Echosens (Paris, France). The cut-
off value of 10 kPa for liver stiffness measurement (LSM) was
used to identify patients with compensated advanced chronic
liver disease (cACLD) [12].

2.2 | VCTE Examination

VCTE was performed by expert physicians (AA and NP at
Humanitas Research Hospital, MV and FC at San Giuseppe
IRCCS MultiMedica Hospital, RL at IRCCS Ca’ Granda Ospe-
dale Maggiore Policlinico, SP and GP at Azienda Ospedaliera
Universitaria Policlinico Paolo Giaccone) following the manu-
facturer's guidelines. A success rate of over 70% was achieved for
all patients included in the study. Patients with a BMI below
30 kg/m? were evaluated with the M probe, while patients with
a BMI above 30 kg/m? were evaluated with the XL probe, or
following the device indications.

2.3 | Lifestyle Intervention

During the initial hepatological evaluation, all patients were
provided with guidance on lifestyle modifications by the
attending physician. The guidance emphasized the importance
of physical activity, dietary modifications, and the adoption of a
healthy lifestyle. The patients were counseled on the manage-
ment of energy balance, the interpretation of nutrient intake,
the monitoring of weight, the control of portion sizes, and the
organization of physical activity. The recommendations were
based on recent guidelines [4, 5, 13].

With regard to dietary recommendations, patients were advised
to follow a Mediterranean diet as the primary dietary pattern.
Specific dietary advice included the minimization of processed
meats, ultra-processed foods, and sugar-sweetened beverages,
while recommending the increase of unprocessed or minimally
processed foods, such as fruits, vegetables, whole grains, and
healthy fats. Furthermore, patients were counseled to limit their
consumption of added sugars [4, 5, 13].

With regard to physical activity, patients were advised to engage
in a minimum of 150 min per week of moderate-intensity
physical activity or 75 min per week of vigorous-intensity
physical activity. A combination of aerobic (“cardio”) and
resistance  (“strength”)  training was  recommended.

Furthermore, patients were encouraged to minimize sedentary
time and incorporate strategies to break up prolonged periods of
inactivity throughout the day [4, 5, 13].

Anthropometric measures were reassessed between 18 and
24 months following the initial hepatological evaluation, as the
primary objective of the study was to evaluate sustained weight
loss over time. Although patients with advanced liver disease
may have had intermediate visits as part of routine clinical care,
these were not systematically analyzed, as the study was spe-
cifically designed to assess long-term outcomes rather than
short-term weight fluctuations.

A subgroup of patients also underwent a new VTCE examina-
tion at the follow-up visit within 30 days of remeasurement of
the anthropometric measures.

At both the initial evaluation and at the follow-up visit, weight
was assessed using a calibrated beam balance scale, and height
was measured to the nearest centimeter using a stadiometer
positioned at the vertex of each patient's head. BMI was deter-
mined at both the initial and final visits. Baseline BMI was
stratified according to the World Health Organization (WHO)
definition of obesity.

The presence of nutritional support, chosen independently by
the patients and outside the structured hospital services, was
documented at the follow-up visit. At the initial visit, patients
were informed about the potential benefits of working with a
nutritionist during their initial hepatological evaluation. How-
ever, it was ultimately their decision to pursue such support.

2.4 | Statistical Analysis

Normally and non-normally distributed continuous variables
were presented, respectively, as means + standard deviations
and medians with interquartile ranges; categorical data were
presented as absolute frequencies and percentages. The
normality of the continuous variables was assessed visually with
histograms. The association of individual demographic, labora-
tory, metabolic and clinical factors with the binary outcome of
weight loss of at least 7% of the initial weight in MASLD patients
was assessed with logistic regression models, with estimation of
the odds ratios (OR) and the corresponding 95% confidence
intervals (CI). In additional analyses, we investigated weight
loss > 5% and > 10%. First, for each factor of interest, we ran
minimally adjusted models including terms for study center,
age, sex and observation time. Based on results from the mini-
mal adjusted models and on a priori considerations, a multi-
variable logistic regression model was then fitted including
simultaneously as independent variables BMI, smoking, nutri-
tionist support, T2D, use of GLP1 agonists, arterial hyperten-
sion, bilirubin, AST, ALT, ALP, GGT, and LSM, in addition to
study center, age, sex and observation time. To assess the
robustness of our findings, we performed a sensitivity analysis
excluding patients who were receiving GLP-1 agonists at base-
line, drugs known to be able to modify body weight. Logistic
regression models were re-run excluding these patients, with
the same covariates as in the primary analysis. This analysis
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aimed to determine whether the identified predictors of weight
loss remained consistent when the influence of these medica-

TABLE 1 | (Continued)

tions, known to affect weight loss, was removed. All the ana- — N (%)
lyses were performed using the SAS software version 9.4 (SAS Missing 26
Institute Inc., Cary, NC, USA). Bilirubin (mg/dL)
<12 670 (86.1)
>12 108 (13.9)
3 | Results Missing 119
. L. AST (UI/L)
3.1 | Patients Characteristics
<35 537 (60.1)
During the study period, a total of 897 patients with MASLD >35 356 (39.9)
met the inclusion criteria and were included in the analysis. Missing 4
Clinical _and_ demographic characteristics of the cohort are ALT (UI/L)
summarized in Table 1.
< 35 381 (42.6)
> 35 513 (57.4)
TABLE 1 | Baseline demographic and clinical characteristics of 897 Missing 3
patients with MASLD included in the study. ALP (UI/L)
N* (%) < 150 634 (82.7)
Age (years), mean + SD 61.6 + 13.3 > 150 133 (17.3)
Duration of follow-up (months), median (25°, 21.0 Missing 130

o .
75° percentile) (18, 24.0) GGT (UI/L)

Male gender 512 (57.1) <40 391 (44.5)
Caucasian ethnicity 816 (91.0) > 40 487 (55.5)
Body welghzt (kg), mean + SD 84.5 + 15.7 Missing 19
BMI (kg/m?) Albumin (¢/dL)

23.5-25 65 (7.3) <35 16 (2.0)

25-29.9 424 (47.3) >35 769 (98.0)

30-34.9 284 (31.7) Missing 112

2 35 124 (13.8) Cholesterol (mg/dL)

Mean + SD 30.3 + 4.5 <200 504 (59.7)
Smoking 423 (47.2) > 200 340 (40.3)
Nutritionist support 196 (21.9) Missing 53
Diabetes 323 (36.0) HDL (mg/dL)

Fasting glucose (mg/dL) <45 313 (40.5)

<100 378 (46.0) > 45 459 (59.5)

2 100 444 (54.0) Missing 125

Missing 75 Triglycerides (mg/dL)

GLP-1 agonists 56 (6.3) <150 520 (62.8)
Other oral antidiabetic drugs 238 (26.5) > 150 308 (37.2)
Insulin 38 (4.2) Missing 69
Hypertension 491 (54.7) Statin use 187 (20.9)
Dys""‘dem‘i‘ 495 (55.2) LSM > 10 KPa, n (%) 220 (24.5)
Platelets (10 /;LL) Note: The italic values are indicated missing values.

< 150 101 (11.6) Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; BMI, body mass index; GGT,

> 150 770 (88.4) serum-g; gl yltransferase; HDL, high density lipoprotein; LSM, liver

stiffness measurement.
(Continues) “Numbers are absolute frequencies with percentages unless otherwise specified.
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The cohort exhibited a mean age of 61.6 + 13.3 years with male
predominance (57.1%). The mean BMI was 30.3 + 4.5 kg/m?,
with nearly half of the patients classified as overweight (47.3%)
and another 45.5% as obese. A total of 323 (36%) patients had
T2D, with 38 (4.2%) receiving insulin therapy, 56 (6.3%) taking
glucagon-like peptide-1 (GLP-1) receptor agonists and 238
(26.5%) on other oral antidiabetic drugs. Furthermore, 495
(55.2%) patients had dyslipidaemia, with 187 (20.9%) receiving
statin therapy. A total of 491 patients (54.7%) had arterial hy-
pertension. 356 (39.9%) patients showed elevated AST levels and
513 (57.4%) showed elevated ALT levels. Moreover, 220 (24.5%)
patients exhibited an LSM value of > 10 kPa.

Following the initial hepatological evaluation, 196 (21.9%) pa-
tients independently chose to engage in a structured program
with a nutritionist.

3.2 | Patterns of Weight Change in MASLD

The analysis of weight change patterns revealed relevant vari-
ability among the participants (Figure 1). Over a median
observation period of 21 months, the majority of patients
(76.4%) exhibited weight fluctuation within a range of —7% to
+7% of their baseline body weight. Notably, 164 patients (18.3%)
achieved a weight loss of at least 7% of their initial body weight.
In particular, 76 (8.5%) experienced a weight loss between 7%
and 10%, while 88 (9.8%) lost more than 10% of their baseline
body weight. In contrast, 23 patients (2.6%) exhibited a gain in
body weight exceeding 10% over the observation period.

VCTE data at the follow-up visit were available for 641 patients
(71.5% of the overall sample). On average, LSM decreased by
—3.2% (SD 46.3%). Subgroup analysis revealed that patients
achieving a weight loss > 7% experienced a mean LSM reduc-
tion of —11.9% (SD 32.2%) compared to —1.0% (SD 49.0%) in
those who did not. Similar trends were observed with alterna-
tive weight loss thresholds, with a mean LSM reduction of
—12.2% (SD 33.5%) versus 0.9% (SD 50.5%) for a 5% weight loss,
and —14.7% (SD 32.1%) versus —1.7% (SD 47.6%) for a 10%
weight loss threshold. The correlation between weight change

Lost > 10% 88 (9.8%)

Lost > 7-10% 76 (8.5%)
No change
Gained 7-10%

25 (2.8%)

Gained >10% [l 23 (2.6%)

and LSM change is provided in Supporting Information Si:
Figure S1.

3.3 | Predictors of Relevant Weight Loss in
MASLD Patients

Tables 2 and 3 present the association between selected de-
mographic and clinical characteristics of patients and the weight
loss at different cut-offs.

In the minimally adjusted regression analysis (Table 2), a higher
BMI was significantly associated with an increased likelihood of
weight loss. Patients with a BMI between 30 and 34.9 exhibited
ORs of 1.62 (95% CI: 1.16-2.27) for losing more than 5%, 2.20
(95% CI: 1.49-3.23) for more than 7% and 3.37 (95% CI: 2.02-
5.63) for more than 10% of their starting body weight. Those
with a BMI of 35 or above had ORs of 2.14 (95% CI: 1.38-3.33),
2.52 (95% CI: 1.53-4.16), and 2.92 (95% CI: 1.50-5.66) for the
corresponding weight reduction criteria. Furthermore, the
support of a nutritionist and the utilization of GLP-1 agonists for
T2D were identified as significant predictors of weight loss. LSM
> 10 kPa, bilirubin levels > 1.2 mg/dL, elevated GGT, ALT and
AST levels, arterial hypertension, and elevated fasting plasma
glucose were associated with increased likelihood of weight loss
(Table 2).

In multiple adjusted analysis, higher BMI was confirmed as a
significant predictor of relevant weight loss. Patients with a BMI
between 30 and 34.9 kg/m2 exhibited ORs of 1.45 (95% CI: 1.01-
2.07) for achieving a weight loss of at least 5%, 1.95 (95% CI: 1.30—
2.95) for losing at least 7%, and 2.84 (95% CI: 1.64-4.93) for losing
at least 10%. For patients with a BMI of 35 kg/m? or above, the
ORs were 1.79 (95% CI: 1.10-2.87) for losing at least 5% and 2.08
(95% CI: 1.21-3.57) for losing at least 7%, while a two-fold in-
crease in odds for losing 10% was observed, though non-
significant. Nutritionist support remained a favorable interven-
tion, with an OR of 2.04 (95% CI: 1.12-3.71) of losing at least 7%
and 3.80 (95% CI: 1.85-7.80) of losing at least 10%. The utilization
of GLP-1 agonists was significantly associated with an increased
likelihood of weight loss, with an OR of 2.14 (95% CI: 1.13-4.05)

685 (76.4%)

T T T
0 100 200 300

T T T T T
400 500 600 700 800

Number of patients

FIGURE1 | Percent change in body weight at the follow-up visit. Patients with a change in body weight within —7% to +7% were included in the

“no change” group.
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of losing at least 5%, 1.85 (95% CI: 1.19-3.80) of losing at least 7%
and 4.22 (95% CI: 1.84-9.70) of losing at least 10%.

Bilirubin levels > 1.2 mg/dL also predicted weight loss, with
ORs of 1.83 (95% CI: 1.16-2.88) for at least 5%, 2.12 (95% CI:
1.29-3.51) for at least 7%, and 1.88 (95% CI: 1.98-3.59) for at
least 10%. Arterial hypertension was significantly associated
with losing at least 10% of initial weight (OR = 1.84, 95% CI:
1.04-3.24), but not with other thresholds.

Furthermore, LSM > 10 kPa was predictive of relevant weight
loss, with ORs of 1.59 (95% CI: 1.06-2.38) of at least 5% and 1.70
(95% CI: 1.07-2.70) of at least 7%, though this association was
not observed for weight loss exceeding > 10%.

Conversely, elevated levels of AST, ALT, ALP, and GGT were
not significantly associated with relevant weight loss in the
multivariable model.

An additional analysis was conducted by excluding patients who
were taking GLP-1 agonists for T2D (n = 56) (Supporting In-
formation S1: Tables S1 and S2). In this subgroup, 222 patients
(26.3%) achieved a weight loss of at least 5%, with 74 patients
(8.8%) achieving a weight loss of more than 10%. In the multiple
adjusted analysis, the predictive value of baseline BMI between
30 and 34.9 kg/m?, nutritional support, and elevated bilirubin
levels remained significant. Specifically, patients with a BMI
between 30 and 34.9 kg/m2 had ORs of 1.89 (95% CI: 1.25-2.88)
for losing more than 7% of their initial weight, and 2.73 (95% CI:
1.56-4.78) for losing more than 10%. Nutritionist support
continued to be strongly associated with weight loss, with ORs
of 2.06 (95% CI: 1.17-3.65) for more than 5%, 2.15 (95% CI: 1.96—
3.47) for more than 7%, and 4.40 (95% CI: 2.06-9.39) for more
than 10%. Patients with bilirubin levels > 1.2 mg/dL had ORs of
1.77 (95% CI: 1.11-2.82) for more than 5%, and ORs of 2.17 (95%
CI: 1.30-3.62) for more than 7%. LSM > 10 kPa remained a
significant predictor only for weight loss of more than 5% with
OR of 1.67 (95% CI: 1.10-2.54).

4 | Discussion

Weight loss is crucial for improving the disease burden and
achieving histological improvements in MASLD patients [7, 8].
As MASLD emerges as a leading cause of ACLD, understanding
the factors that drive relevant weight loss becomes vital [1]. This
multicentre study aimed to identify the key predictors of rele-
vant weight loss over a median follow-up period of 21 months,
providing insights that might assist physicians in patient care.
Baseline BMI was identified as the major predictor of relevant
weight loss, consistent with previous studies [9, 14]. Individuals
with higher initial BMI often demonstrate a greater potential for
weight loss through lifestyle interventions, with calorie-
restricted and physically active weight loss programs proving
more effective in obese patients due to their higher basal
metabolic rates [9, 14, 15]. Moreover, nutritionist support was
identified as a significant predictor of weight loss, underscoring
its critical role in the management of MASLD. Despite only
21.9% of patients received tailored nutritional support, its

impact was profound, indicating a significant area for
improvement in patient care.

Although a notable proportion of our patients exhibited meta-
bolic comorbidities, they did not independently influence
weight loss outcomes, with the exception of arterial hyperten-
sion, which was associated with a higher likelihood of weight
loss exceeding 10% of initial weight. The relationship between
arterial hypertension and weight loss may be attributed to
elevated serum leptin levels in hypertensive patients, which can
facilitate weight loss but also contribute to arterial stiffness [16,
17]. Elevated leptin levels reduce food intake and increase en-
ergy expenditure via hypothalamic receptors. Concurrently,
leptin receptors are also present in the tunica media and
adventitia of arteries, particularly in the aorta, where leptin can
stimulate vascular smooth muscle cell proliferation and migra-
tion, thus promoting arterial stiffness [16, 17].

The use of GLP-1 agonists for T2D, though reported by only
6.3% of the patients, was associated with weight reduction,
reinforcing the benefits of GLP-1 agonists, increasingly recog-
nized for their effectiveness in weight management [18, 19].
These drugs not only improve glycemic control but also signif-
icantly impact weight reduction, making them particularly
beneficial for MASLD patients with comorbid T2D and obesity.
The weight loss associated with GLP-1 agonists is essential for
improving liver histology and reducing hepatic steatosis and
inflammation in MASLD patients [20].

Interestingly, mildly elevated bilirubin levels (> 1.2, not
exceeding 3 mg/dL, and not attributable to advanced or chole-
static liver disease) were predictive of weight loss. While the
precise relationship between bilirubin and MASLD remains
uncertain, serum bilirubin levels tend to be lower in patients
with high BMI compared to those with normal BMI [21].
Additionally, an inverse association between total and conju-
gated serum bilirubin levels and metabolic syndrome in the
general population as well as between bilirubin and severity of
MASH has been reported [22]. These may be related to the
beneficial effects of bilirubin on adipose tissue, particularly its
role in promoting the differentiation of adipose cells from large-
vesicle adipocytes to small-vesicle adipocytes. Beyond its well-
established anti-inflammatory and antioxidant properties, bili-
rubin activates various ligand-activated transcriptional factors
involved in metabolic homeostasis, such as peroxisome
proliferator-activated receptor alpha (PPAR-a), which increases
metabolic rate and lowers serum cholesterol and triglyceride
levels [21, 23].

Our findings also indicate that LSM > 10 kPa was predictive of
relevant weight loss, potentially suggesting greater disease
awareness and motivation to adhere to lifestyle changes in pa-
tients with more severe disease. Such heightened engagement
might drive a stronger commitment to sustained lifestyle mod-
ifications. In addition, it is possible that patients with LSM >
10 kPa had more frequent follow-up visits as part of routine
clinical care. These additional interactions with healthcare
providers may have increased adherence to lifestyle recom-
mendations and contributed to the observed weight loss.
Although our study focused on long-term outcomes rather than
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TABLE 2 | Minimally adjusted odds ratios (OR)* with corresponding 95% confidence intervals (CI) for weight loss according to various
demographic, laboratory, metabolic, and clinical factors in patients with MASLD.

Weight loss > 5% Weight loss > 7% Weight loss > 10%
Yes, No, OR* Yes, No, OR* Yes, No, OR*
N (%) N (%) (95% CI) N (%) N (%) (95% CI) N (%) N (%) (95% CI)
Age, 5 years 0.94 0.94 0.91
increase (0.89-1.00) (0.88-1.01) (0.84-0.99)
Gender
F 119 (48.2) 266 1.00- 78 (47.6) 307 1.00- 39 (44.3) 346 1.00-
(40.9) (41.9) (42.8)
M 128 (51.8) 384 0.72 86 (52.4) 426 0.77 49 (55.7) 463 0.91
(59.1)  (0.53-0.98) (58.1)  (0.54-1.09) (572)  (0.58-1.43)
BMI (kg/m?)
<30 112 (45.3) 377 1.00- 65 (39.6) 424 1.00- 27 (30.7) 462 1.00-
(58.0) (57.8) (57.1)
30-34.9 88 (35.6) 196 1.62 67 (40.9) 217 2.20 44 (50.0) 240 3.37
(302)  (1.16-2.27) (29.6)  (1.49-3.23) (29.7)  (2.02-5.63)
> 35 47 (19.0) 77 (11.8) 2.14 32 (19.5) 92 (12.6) 2.52 17 (19.3) 107 2.92
(1.38-3.33) (1.53-4.16) (13.2) (1.50-5.66)
Smoking
No 130(52.6) 344 1.00- 82 (50.0) 392 1.00- 42 (47.7) 432 1.00-
(52.9) (53.5) (53.4)
Yes 117 (47.4) 306 1.01 82 (50.0) 341 1.18 46 (52.3) 377 1.23
(47.1) (0.74-1.39) (46.5) (0.82-1.70) (46.6) (0.76-1.97)
Nutritionist support
No 194(78.5) 507 1.00- 129(78.7) 572 1.00— 65(73.9) 636 1.00-
(78.0) (78.0) (78.6)
Yes 53 (21.5) 143 1.77 35(21.3) 161 211 23 (26.1) 173 3.63
(22.0) (1.03-3.03) (22.0) (1.19-3.73) (21.4) (1.85-7.11)
Diabetes
No 151(61.1) 423 1.00- 104(63.4) 470 1.00— 54 (61.4) 520 1.00-
(65.1) (64.1) (64.3)
Yes 96 (38.9) 227 1.26 60 (36.6) 263 1.12 34 (38.6) 289 1.25
(349)  (0.92-1.74) (359)  (0.77-1.62) (357)  (0.77-2.01)
Fasting glucose (mg/dL)
< 100 98 (41.9) 280 1.00- 68 (43.9) 310 1.00— 37 (44.6) 341 1.00-
(47.6) (46.5) (46.1)
> 100 136 (58.1) 308 1.39 87 (56.1) 357 1.23 46 (55.4) 398 1.15
(524)  (1.00-1.92) (53.5)  (0.85-1.78) (539)  (0.71-1.86)
GLP1 agonist use
No 222(89.9) 619 1.00- 148 (90.2) 693 1.00- 74 (84.1) 767 1.00-
(95.2) (94.5) (94.8)
Yes 25(10.1) 31 (4.8) 2.15 16 (9.8) 40 (5.5) 1.82 14 (15.9) 42 (5.2) 3.46
(1.22-3.78) (0.97-3.41) (1.76-6.82)
Other oral antidiabetic drugs
No 181(73.3) 478 1.00- 119 (72.6) 540 1.00- 67 (76.1) 592 1.00-
(73.5) (73.7) (73.2)
Yes 66 (26.7) 172 1.15 45(27.4) 193 1.24 21(23.9) 217 1.24
(26.5)  (0.81-1.63) (26.3)  (0.83-1.86) (268)  (0.83-1.86)
(Continues)
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TABLE 2 | (Continued)

Weight loss > 5% Weight loss > 7% Weight loss > 10%
Yes, No, OR* Yes, No, OR* Yes, No, OR*
N (%) N (%) (95% CI) N (%) N (%) (95% CI) N (%) N (%) (95% CI)
Hypertension
No 104 (42.1) 302 1.00— 64 (39.0) 342 1.00— 32 (36.4) 374 1.00—
(46.5) (46.7) (46.2)
Yes 143 (57.9) 348 1.33 100 (61.0) 391 1.62 56 (63.6) 435 1.86
(53.5) (0.96-1.86) (53.3) (1.10-2.40) (53.8) (1.11-3.13)
Dyslipidemia
No 128(518) 274 1.00— 87 (53.0) 315 1.00— 44 (50.0) 358 1.00—
(422) (43.0) (44.3)
Yes 119(482) 376 0.76 77 (47.0) 418 0.73 44 (50.0) 451 0.97
(57.8) (0.56-1.04) (57.0) (0.51-1.05) (55.7) (0.61-1.54)
Platelets (10°/uL)
< 150 32(13.1) 69 (11.0) 1.47 20 (12.3) 81 (11.4) 1.33 9(102) 92(11.7) 1.01
(0.91-2.35) (0.77-2.30) (0.48-2.13)
> 150 213 (86.9) 557 1.00- 142 (87.7) 628 1.00- 79 (89.8) 691 1.00-
(89.0) (88.6) (88.3)
Bilirubin (mg/dL)
<12 185(81.5) 485 1.00- 118(79.2) 552 1.00— 65(79.3) 605 1.00—
(88.0) (87.8) (86.9)
> 1.2 42 (18.5) 66 (12.0) 1.95 31 (20.8) 77 (12.2) 2.21 17 (20.7) 91 (13.1) 1.84
(1.25-3.03) (1.36-3.59) (1.01-3.37)
AST (UI/L)
<35 131 (53.0) 406 1.00- 88 (53.7) 449 1.00- 46 (52.3) 491 1.00-
(62.8) (61.6) (61.0)
> 35 116 (47.0) 240 1.58 76 (46.3) 280 1.49 42 (47.7) 314 1.50
372) (1.16-2.14) (38.4)  (1.05-2.12) (39.0)  (0.96-2.36)
ALT (UI/L)
<35 89 (36.0) 292 1.00- 63 (38.4) 318 1.00- 34 (38.6) 347 1.00—
(45.1) (43.6) (43.1)
> 35 158 (64.0) 355 1.53 101 (61.6) 412 1.30 54 (61.4) 459 1.20
(549)  (1.11-2.11) (56.4)  (0.90-1.87) (56.9)  (0.74-1.93)
ALP (UI/L)
< 150 174 (79.5) 460 1.00- 109 (76.2) 525 1.00- 60 (76.9) 574 1.00-
(83.9) (84.1) (83.3)
> 150 45(20.5) 88 (16.1) 122 34 (23.8) 99 (15.9) 1.46 18(23.1) 115 1.34
(0.81-1.84) (0.93-2.30) (16.7)  (0.75-2.38)
GGT (UI/L)
< 40 94 (38.4) 297 1.00- 63 (38.9) 328 1.00- 34 (38.6) 357 1.00-
(46.9) (45.8) (45.2)
> 40 151 (61.6) 336 1.47 99 (61.1) 388 1.43 54 (61.4) 433 1.31
(53.1)  (1.08-2.01) (542)  (1.00-2.05) (548)  (0.83-2.09)
Albumin (g/dL)
<35 3(1.3) 13 (2.4) 0.58 2(1.3) 14 (2.2) 0.61 2(2.4) 14 (2.0) 1.37
(0.16-2.11) (0.13-2.76) (0.30-6.24)
> 35 229(98.7) 540 1.00— 152(98.7) 617 1.00— 81(97.6) 688 1.00—
(97.6) (97.8) (98.0)
(Continues)
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TABLE 2 | (Continued)

Weight loss > 5%

Weight loss > 7%

Weight loss > 10%

Yes, No, OR* Yes, No, OR* Yes, No, OR*
N (%) N (%) (95% CI) N (%) N (%) (95% CI) N (%) N (%) (95% CI)
Cholesterol (mg/dL)
<200 152(63.3) 352 1.00- 101(63.5) 403 1.00— 54 (62.8) 450 1.00—
(58.3) (58.8) (59.4)
> 200 88 (36.7) 252 0.75 58 (36.5) 282 0.75 32 (37.2) 308 0.84
(41.7) (0.54-1.03) (41.2) (0.52-1.09) (40.6) (0.52-1.35)
Triglycerides (mg/dL)
< 150 149 (62.9) 371 1.00- 99 (62.3) 421 1.00— 53 (60.9) 467 1.00—
(62.8) (62.9) (63.0)
> 150 88(37.1) 220 0.98 60 (37.7) 248 1.02 34(39.1) 274 1.03
(372)  (0.71-1.35) (37.1)  (0.71-1.47) (37.0)  (0.65-1.63)
HDL (mg/dL)
<45 88 (39.6) 225 1.08 59 (40.7) 254 1.15 38 (48.1) 275 1.59
409  (0.77-1.52) (40.5)  (0.78-1.70) (39.7)  (0.97-2.60)
> 45 134 (60.4) 325 1.00- 86 (59.3) 373 1.00- 41 (51.9) 418 1.00-
(59.1) (59.5) (60.3)
LSM (PKa)
<10 173(70.0) 504 1(Re)  113(68.9) 564 1(Ref)  62(70.5) 529 1 (Ref)
(77.5) (76.9) (65.4)
> 10 74 (30.0) 146 1.81 51 (31.1) 169 1.94 26 (29.5) 280 1.64
(22.5) (1.26-2.60) (23.1) (1.29-2.92) (34.6) (0.97-2.76)

Abbreviations: ALP alkalme phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT,
serum yltransferase; HDL, high density lipoprotein; LSM, liver stiffness measurement.
*Derived from IoglsUc regression models including terms for age, study center, sex and observation time.

intermediate visits, this factor may partially explain the associ-
ation between higher LSM values and greater weight loss.

To validate the robustness of our findings, we conducted a
sensitivity analysis excluding patients on GLP-1 agonists. This
additional analysis confirmed the consistency of our results,
with baseline BMI between 30 and 34.5 kg/m? nutritional
support, and mildly elevated bilirubin levels remaining pre-
dictors of weight loss. This emphasizes the importance of these
factors regardless of pharmacological interventions. In contrast,
the high baseline BMI (> 35 kg/m?) and arterial hypertension,
while initially predictive, did not maintain statistical signifi-
cance in the subgroup analysis. This suggests that factors such
as substantial BMI and hypertension may interact variably with
other predictors, warranting further investigation.

It is important to underline that the group of patients in our
study who achieved significant weight loss is notable when
compared to other previous studies [7]. A potential explanation
for this finding can be found in the unique cultural and dietary
context of the population studied. Conducted in Italian centers,
our study benefits from a setting where the Mediterranean diet,
dietary regimen recommended by guidelines, is not only well-
recognized but also culturally embedded and easily accessible.
The alignment between clinical guidance and cultural traditions
may have facilitated better adherence to lifestyle changes, which
is crucial for achieving sustained weight loss. The inherent ad-
vantages of the Mediterranean diet, combined with the cultural

familiarity of the cohort with this dietary regimen, may have
contributed to the superior weight loss observed in our study.
These findings also highlight the importance of incorporating
cultural considerations into the design of lifestyle intervention
programs.

Notwithstanding the demonstrated efficacy of certain in-
terventions and the identification of certain features associated
with relevant weight loss, it is important to highlight that the
majority of patients in our cohort did not achieve any significant
weight reduction. This finding highlights the significant chal-
lenge that weight management presents for MASLD patients,
even when lifestyle modification advice and support are
provided.

The study is not without limitations. The retrospective design
relies on previously collected data, potentially missing relevant
variables. The differing observation periods among patients may
have also impacted weight loss outcomes. A lack of standardi-
zation in intervention protocols across the centers, despite
adherence to recent guidelines, might have led to variations in
patient management. Furthermore, the absence of systemati-
cally collected data from possible intermediate visits, particu-
larly for patients with advanced chronic liver disease, represents
a limitation. Additionally, self-reported nature, such as alcohol
consumption, may result in underreporting and misclassifica-
tion. A further limitation is the absence of quantitative assess-
ment of hepatic steatosis. Although the diagnosis of steatosis at
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TABLE 3 | Multiple adjusted odds ratios (OR)" with corresponding 95% confidence intervals (CI) for weight loss according to various demographic,
laboratory, metabolic, and clinical factors in patients with MASLD.

OR?* (95% CI)

Weight loss > 5%

Weight loss > 7%

Weight loss > 10%

Age, 5 years increase

Gender
F
M
BMI (kg/m?)
<30
30-34.9
> 35
Smoking
No
Yes
Nutritionist support
No
Yes
Diabetes
No
Yes
GLP1 agonists use
No
Yes
Hypertension
No
Yes
Bilirubin (mg/dL)
<12
>12
AST (UI/L)
<35
> 35
ALT (UI/L)
<35
> 35
ALP (UI/L)
< 150
> 150
GGT (UI/L)
<40
> 40
LSM (PKa)
<10
> 10

0.94 (0.87-1.01)

1
0.68 (0.49-0.94)

1
1.45 (1.01-2.07)
1.79 (1.10-2.87)

1
1.10 (0.80-1.52)

1
1.82 (0.95-3.17)

1
0.91 (0.63-1.33)

1
2.14 (1.13-4.05)

1
1.22 (0.86-1.75)

1
1.83 (1.16-2.88)

1
1.30 (0.87-1.96)

1
1.21 (0.79-1.84)

1
1.10 (0.71-1.71)

1
1.15 (0.80-1.65)

1
1.59 (1.06-2.38)

0.91 (0.84-1.00)

1
0.70 (0.48-1.02)

1
1.95 (1.30-2.95)
2.08 (1.21-3.57)

1
1.27 (0.88-1.84)

1
2.04 (1.12-3.71)

1
0.80 (0.52-1.24)

1
1.85 (1.19-3.80)

1
1.49 (0.98-2.26)

1
2.12 (1.29-3.51)

1
1.38 (0.86-2.23)

1
0.95 (0.58-1.55)

1
1.41 (0.86-2.31)

1
1.15 (0.75-1.75)

1
1.70 (1.07-2.70)

0.88 (0.78-0.98)

1
0.84 (0.51-1.39)

1
2.84 (1.64-4.93)
1.98 (0.95-4.14)

1
1.50 (0.92-2.43)

1
3.80 (1.85-7.80)

1
0.72 (0.40-1.30)

1
4.22 (1.84-9.70)

1
1.84 (1.04-3.24)

1
1.88 (1.98-3.59)

1
1.73 (0.90-3.31)

1
0.79 (0.41-1.52)

1
1.39 (0.72-2.68)

1
1.08 (0.62-1.90)

1
1.48 (0.80-2.71)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT,

serum yltransferase; LSM, liver stiffness measurement.

*Derived from a logistic regression model including terms for age, study center, sex, observation time, body mass index, smoking, nutritionist support, diabetes, GLP1

agonist use, hypertension, bilirubin, AST, ALT, ALP, GGT, and LMS.
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baseline was made using ultrasound, quantitative assessment
methods such as controlled attenuation parameter (CAP) or
MRI-based techniques were not systematically performed. The
inclusion of quantitative steatosis data could have provided a
more profound comprehension of the relationship between
weight loss and changes in liver fat content, allowing for a
deeper understanding of the impact of sustained weight reduc-
tion on MASLD evolution.

Our study has several strengths. The large sample size and
multicentric nature of the study enhance the generalizability of
the results across different clinical settings. Including patients
from multiple centers captures a diverse patient population,
making the findings applicable to the broader MASLD popula-
tion. Moreover, comprehensive data collection, encompassing
demographic, clinical, and biochemical variables enabled
nuanced analysis of factors influencing weight loss.

Our findings underscore the importance of a comprehensive
approach to MASLD management, encompassing medical,
nutritional and lifestyle interventions. The positive impact of
nutritional support highlights the need to integrate nutritionist
services into standard care pathways for MASLD patients.
Importantly, the percentage of patients achieving relevant
weight loss without pharmacological intervention reaffirms the
primacy of lifestyle modifications as a first-line strategy. When
lifestyle changes prove insufficient, progressing to more im-
pactful interventions, such as pharmacotherapy or bariatric
surgery/endoscopy, is essential.

Our results suggest that certain baseline features can help
identify patients who may particularly benefit from lifestyle
changes. However, for patients without these predictive factors,
achieving the 5% weight loss threshold may be less probable.
Lifestyle intervention remains crucial for all patients, but for
those without predictive factors, close follow-up andearly
consideration of additional treatments are warranted to maxi-
mize therapeutic benefit.

In conclusion, this study identifies several key predictors of
relevant weight loss in MASLD patients, with BMI, nutritional
support, GLP-1 agonists and LSM > 10 kPa being the most
influential. These insights can inform clinical practice, fostering
the implementation of tailored interventions and promoting
more effective MASLD management.
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