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Abstract

Introduction: The aims of the study were to describe a biopsy
procedure to obtain subcutaneous adipose tissue (SAT)
samples for fibrosis assessment in patients with adipose-based
chronic disease (ABCD) and to explore potential associations
between SAT fibrosis and comorbidities. Methods: Single-
center, cross-sectional study conducted at the Arnau de
Vilanova University Hospital (Lleida, Spain) between January
and December 2024. We included patients aged 18-65 years
attending their first appointment in the Obesity Unit. Between-
group comparisons were performed using Student’s t-test for
continuous variables and chi-square tests for categorical
variables, and correlations were assessed using Spearman’s
rank correlation coefficient. Results: 58 patients were recruited
and 50 were included in the final analysis. Most were female

(76.0%), with a mean age of 47.1 years (SD: 10.8), and a mean
BMI of 46.3 kg/m? (SD: 5.0). The biopsy technique evolved over
time, reducing the procedure duration from 55 min to under
10 min without any adverse events. SAT fibrosis was observed
in 10 patients (20.0%), who showed a higher prevalence of
type 2 diabetes (50.0% vs. 15.0%, p = 0.017), significantly
higher aspartate transaminase and gamma-glutamyl
transferase, and elevated signs of liver fibrosis. Conclusion:
SAT fibrosis was associated with ABCD comorbidities and
could serve as a tool for risk stratification beyond traditional

indicators. © 2026 The Author(s).
Published by S. Karger AG, Basel

Introduction

Obesity is increasingly recognized as a complex,
heterogeneous, chronic, relapsing, and multifactorial
disease whose impact extends far beyond excess body
weight [1]. According to recent global estimates, in 2021,
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approximately 2.11 billion adults aged 25 years and
older, almost half of the world’s adult population, were
affected by overweight and obesity [2]. As its prevalence
continues to rise globally, obesity is becoming unsus-
tainable for healthcare systems and societies. In recent
years, there has been growing consensus that obesity
should not be approached as a uniform condition but
rather as a spectrum of phenotypes differing in etiology,
clinical expression, metabolic risk, and therapeutic re-
sponse [3]. Within this perspective, the study of adipose
tissue, far from being a passive energy reservoir, provides
a unique window into the pathophysiological mecha-
nisms driving obesity, paving the way for more precise
and phenotype-driven interventions.

The term adiposity-based chronic disease (ABCD)
has been proposed as a more accurate diagnostic
framework for obesity as it considers the condition’s
etiology, degree of adiposity (amount, distribution and,
crucially, dysfunction), and associated health risks [1].
Although anthropometric measurements such as body
mass index (BMI) and waist-to-height ratio correlate
reasonably well with classical cardiovascular and
metabolic disease risk factors, they are limited in their
ability to accurately reflect total body fat mass and its
distribution and functional characteristics in a partic-
ular individual [4, 5]. While visceral adipose tissue
(VAT) is widely recognized as the depot most linked to
obesity-related metabolic disturbances, subcutaneous
adipose tissue (SAT) acts as a metabolic sink that may
protect against VAT accumulation [6, 7]. However,
SAT has a limited capacity for expansion; once this
threshold is exceeded, SAT becomes inflamed and fi-
brotic. This impaired expandability leads to ectopic
lipid deposition in organs, such as the liver, skeletal
muscle, and VAT, thereby disrupting endocrine and
immune homeostasis [8, 9].

Fibrosis in both VAT and SAT has been shown to
correlate with adverse metabolic alterations and is as-
sociated with limited weight loss in patients undergoing
bariatric surgery [10]. However, VAT and SAT biopsy
samples are usually obtained during bariatric proce-
dures, which limits their utility for routine clinical as-
sessment in patients with ABCD [10-14]. Whether SAT
characteristics could provide clinically relevant infor-
mation to personalize obesity management in everyday
clinical practice remains to be elucidated. Moreover, as
bariatric surgery is performed in only a small proportion
of eligible individuals (those with a BMI >40 kg/m? or
35-40 kg/m? with obesity-related comorbidities), the
metabolic status of SAT in the majority of patients with
ABCD remains largely unexplored [15, 16].
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We hypothesized that incorporating SAT biopsy as
part of the baseline clinical evaluation in patients with
ABCD attending an outpatient obesity clinic could
provide valuable information to support personalized
management. Therefore, the aims of this study were,
first, to describe the progressive standardization process
of SAT sample collection, developed through a learning
curve in routine clinical practice and, second, to de-
termine whether SAT fibrosis correlates with the pres-
ence of obesity-related comorbidities.

Methods

Study Design and Participants

This single-center, prospective cross-sectional study was
conducted at the Obesity Unit of the Arnau de Vilanova
University Hospital (Lleida, Spain) between January and
December 2024. We included patients aged between 18
and 65 years with BMI >35 kg/m? who were attending their
first appointment at the Obesity Unit and for whom
complete clinical data (anthropometric, laboratory, co-
morbidities, and treatment information) were available.

Exclusion criteria included the presence of severe
concomitant diseases (cardiovascular, cerebrovascular,
pulmonary, or neoplastic conditions), chronic kidney
disease or liver cirrhosis, coagulation disorders, muscu-
loskeletal or respiratory limitations that prevented the
patient from lying on an examination couch, a need for
oxygen therapy, and the use of antiplatelet or anticoagulant
agents. We also excluded patients on chronic corticosteroid
therapy and those with a history of bariatric surgery.

Ethical Section

The study was approved by the Clinical Research
Ethics Committee of the same institution (reference
code: CEIC-2751). We obtained written informed con-
sent from all participants before inclusion. The study was
carried out in accordance with the Declaration of Hel-
sinki, and we report our findings in agreement with the
STROBE guidelines for observational studies [17].

Intervention

The SAT biopsy procedure was performed by a
trained endocrinologist and progressively refined over
the course of the first 50 patients, reflecting a clear
learning curve. Over time, the technique became faster
and less invasive while yielding a more homogeneous
tissue sample. This refinement improved patient comfort
and enhanced sample consistency, which was essential
for downstream histological analysis. Initially, after
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Selection

Information

Positioning

O Outpatient setting; fasting state

O Written informed consent

O Supine position; periumbilical area identified and marked
O Infiltration of lidocaine into the subcutaneous tissue
@ SAT sampling through a small skin incision or tru-cut needle insertion

o Specimen handling: placement in formalin for fixation

Local
anesthesia

Safe, In-office Procedure

Allowing SAT Histology Insight

(SIPASHI)

e

o Histological assessment: staining, and semiquantitative evaluation of SAT fibrosis

Fig. 1. SIPASHI pathway. Flowchart summarizing the seven main steps of the outpatient subcutaneous adipose
tissue (SAT) biopsy procedure under local anesthesia, from patient selection and informed consent to his-
tological interpretation of SAT fibrosis. SIPASHI, safe, in-office procedure allowing SAT histology insight.

aseptic preparation and local anesthesia with lidocaine, a
1.5 cm linear incision was made in a virtual line between
the iliac crest and the navel, advancing through the
subcutaneous layers until the SAT was reached. A
spindle-shaped tissue fragment, less than 1 cm in length,
was extracted. The skin was then sutured, and the sample
was placed in formalin, after which it was sent to the
Department of Pathology.

From the 44th patient onwards, we adopted a less
aggressive technique consisting of an ultra-sonography-
guided biopsy to confirm adequate SAT thickness, which
was performed using a tru-cut needle (11-gauge, 75 mm
length, 11 ms) under local anesthesia. With this method,
we obtained tissue cylinders measuring approximately
4 x 4 mm, and no skin suturing was required. The main
steps of the SAT biopsy procedure are summarized in
Figure 1 (SIPASHI pathway: Safe, In-office Procedure
Allowing SAT Histology Insight) (Fig. 1).

Outcomes and Measures

We collected anthropometric data (weight, height,
and BMI), biochemical parameters (fasting glucose,
HbAlc, lipid profile, renal function, hepatic function,
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and platelet count), and clinical information (co-
morbidities and current treatment) through clinical
interviews and review of medical records. Adipose tissue
fibrosis was assessed in all cases by the same pathologist
using the semiquantitative fibrosis adipose tissue (FAT)
score. Samples were fixed in formalin, embedded in
paraffin, and sectioned for histological analysis. Sections
were first stained with hematoxylin and eosin (H&E; for
general morphological assessment). Subsequently, tri-
chrome staining was performed to highlight collagen
fibers in green. This method employs anionic dyes in
combination with phosphotungstic or phosphomolybdic
acid, allowing the visualization of fibrotic tissue and
extracellular matrix deposition. The scoring system in-
cluded four stages: 0 (no perilobular or pericellular fi-
brosis), 1 (moderate perilobular and/or pericellular fi-
brosis), 2 (severe perilobular or pericellular fibrosis), and
3 (severe perilobular and pericellular fibrosis) [10].
We estimated liver fibrosis with the Fibrosis 4 (FIB-4)
index and the aminotransferase-to-platelet ratio index
(APRI). For the FIB-4 index, cut-off values of 1.45 and
2.67 were used to classify the risk of fibrosis as low
(<1.45), indeterminate (1.45-2.67), and high (>2.67)
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Fig. 2. Patient enrolment flowchart.

A4
Analysed (n = 50)
Excluded from analysis (n = 0)

[18]. For the APRI score, thresholds of 0.5 and 1.5 were
applied to define low (<0.5), intermediate (0.5-1.5) and
high (>1.5) risk categories [19].

Statistical Analysis and Sample Size

This was an exploratory study designed to evaluate the
feasibility of standardized SAT biopsy collection and to
explore potential associations between SAT fibrosis and
obesity-related comorbidities. We did not perform a
formal sample size calculation because of the lack of
prior data on SAT fibrosis in outpatient populations with
ABCD. We included a convenience sample of 50 con-
secutive patients. Post hoc estimations indicated that this
sample size provided sufficient power (>75%) to detect
moderate-to-large differences in comorbidity prevalence
(e.g., type 2 diabetes) and continuous variables (e.g., FIB-
4 and APRI scores) between patients with and without
SAT fibrosis.

We used absolute frequencies and percentages to
describe categorical variables. We reported quantitative
variables as mean and standard deviation (SD) if nor-
mally distributed, or as median and range otherwise.
Normality was assessed using the Shapiro-Wilk test. We
undertook between-group comparisons with the Stu-
dent’s t test for parametric data and the chi-square test
for categorical variables. We analyzed correlations be-
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tween variables with the Spearman’s rank correlation
coefficient. All statistical tests were two-sided, and a p
value <0.05 was considered statistically significant. We
performed statistical analyses with SPSS version 21.0 for
Microsoft Windows (IBM Corp., Armonk, NY, USA).

Results

Baseline Characteristics

A total of 58 patients were initially recruited for the
study, of whom 50 were included in the final analysis
(Fig. 2). Most participants were female (76.0%), with a
mean age of 47.1 years (SD: 10.8) and a mean BMI of
46.3 kg/m? (SD: 5.0). The most common comorbidities
were obstructive sleep apnea (87.2%) and hypertension
(44.0%) (Table 1).

Subcutaneous Adipose Tissue Biopsy

Out of the 50 SAT biopsies performed, the last seven
were obtained with the tru-cut approach. The total
procedure time progressively decreased from 53 min for
the first biopsy to 9 min and 50 s for the last. No adverse
events were recorded, including infections, bleeding, or
the need to return to the Obesity Unit, primary care
physician, or emergency services.

Zorzano-Martinez et al.



Table 1. Baseline characteristics of study participants

Overall (N = 50)

Sex, n (%)

Female 38 (76.0)

Male 12 (24.0)
Age, mean (SD), years 47.1 (10.8)
BMI, mean (SD), kg/m? 46.3 (5.0)
Glycemia, mean (SD), mg/dL 95.7 (22.9)
HbA1c, mean (SD), % 5.7 (0.6)
Fasting glucose, mean (SD), mg/dL 95.7 (22.9)
AST/GOT, mean (SD), units/L 24.3 (8.6)
ALT/GPT, mean (SD), units/L 27.7 (14.3)
GGT, median (range), IU/L 29.0 (7.0-242.0)
FIB-4 score, median (range) 0.78 (0.17-2.67)

APRI score, median (range)

0.23 (0.08-0.96)

Platelet count, mean (SD), 10%/L 292.7 (81.8)
HDL cholesterol, mean (SD), mg/dL 49.2 (9.7)
LDL cholesterol, mean (SD), mg/dL 122.4 (30.8)
Triglycerides, median (range), mg/dL 116.0 (55.0-386.0)
Lipid-lowering drugs, n (%) 13 (26.0)
Comorbidities, n (%)
Obstructive sleep apnea?® 34 (87.2)
Hypertension 22 (44.0)
Type 2 diabetes mellitus® 11 (22)
Metformin 10 (90.9)
Insulin 3 (27.3)
GLP1ar 4 (36.4)
SGLT2i 3 (27.3)
Cardiovascular disease 2 (4.0)

ALT/GPT, alanine transaminase; APRI, aminotransferase-to-
platelet ratio; AST/GOT, aspartate transaminase; BMI, body mass
index; FIB-4, Fibrosis 4; GGT, gamma-glutamyl transferase; GLP1ar,
glucagon-like peptide-1 (GLP-1) receptor agonists; HbAlc, gly-
cated hemoglobin; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SD, standard deviation; SGLT2i, type 2 sodium-glucose
cotransporter inhibitor. ?Data available for 39 patients with sleep
polysomnography testing for diagnosis. PAll patients with type 2
diabetes were under pharmacologic treatment.

SAT fibrosis was detected in 10 patients (20%).
Perilobular fibrosis was observed in all 10 cases, while 7
also exhibited pericellular fibrosis. According to the FAT
score, 40 patients (80.0%) were classified as stage 0 (no
perilobular or pericellular fibrosis), 8 (16.0%) as stage 1
(moderate perilobular and/or pericellular fibrosis), and 2
(4.0%) as stage 2 (severe perilobular or pericellular fi-
brosis) (Fig. 3). No patients reached stage 3.

Adipose Tissue Fibrosis in Clinical Practice

Comparison of Clinical Characteristics of Patients

with and without SAT Fibrosis

No significant differences were observed between
patients with and without SAT fibrosis in terms of sex,
age, or BMI. Similarly, there were no differences in the
prevalence of comorbidities such as hypertension, ob-
structive sleep apnoea, or cardiovascular disease. How-
ever, the proportion of patients with type 2 diabetes was
significantly higher among those with SAT fibrosis than
in patients without fibrosis (50.0% vs. 15.0%, p = 0.017).
No differences were found between groups in terms of
glycaemic control or type of pharmacologic treatment
(Table 2).

Patients with SAT fibrosis also showed significantly
higher levels of aspartate transaminase (AST) (mean
23.0 U/L, SD: 7.5 vs. 30.5 U/L, SD: 10.4; p = 0.013) and
gamma-glutamyl transferase (GGT), as well as a lower
platelet counts, suggesting greater hepatic injury or
dysfunction in this group. These findings were accom-
panied by significantly higher FIB-4 and APRI scores,
further supporting the liver involvement in this
group. Notably, all patients classified as having inde-
terminate or high risk of liver fibrosis according to FIB-4
or APRI belonged to the group with SAT fibrosis. In
addition, patients with SAT fibrosis had significantly
lower levels of LDL cholesterol than those without fi-
brosis, with no significant differences in the prescription
of lipid-lowering drugs between groups (Table 2).

Discussion

In this study, patients with SAT fibrosis exhibited a
higher prevalence of type 2 diabetes and higher non-
invasive liver fibrosis scores (FIB-4 and APRI), pointing
toward a greater burden of obesity-related comorbidities
and more widespread systemic involvement. In addition,
we demonstrated the feasibility of a simple, low-cost, and
bedside-accessible biopsy technique that could be in-
corporated at any point into routine clinical evaluation
to support a more individualized approach to managing
patients with ABCD, including in patients who are not
candidates for surgery.

Previous reports have demonstrated that needle-
aspirated biopsies of SAT are reliable and reproduc-
ible and could be used for applications such as flow
cytometry, immunohistochemistry, and DNA analysis
[20-23]. However, these techniques have notable limi-
tations, particularly in representing all cell populations,
especially the stromal vascular fraction, and in pre-
serving tissue architecture, which limits their utility for
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Fig. 3. Representative hematoxylin and eosin-stained histological sections of subcutaneous adipose tissue
showing varying degrees of fibrosis in study participants. No fibrosis (FAT score 0) (a), moderate perilobular
and/or pericellular fibrosis (FAT score 1) (b), and severe perilobular or pericellular fibrosis (FAT score 2) (c).

histological assessments [24]. Other studies have ex-
plored noninvasive methods for evaluating SAT, in-
cluding Raman spectroscopy, diffuse optical spectros-
copy, positron emission tomography, ultrasonography,
and magnetic resonance imaging [25-29]. While these
techniques are promising, they are generally estimative
in nature, may suffer from limited reproducibility, and
lack widespread availability in routine clinical practice.
In contrast, the SAT biopsy procedure described here,
although more invasive than the methods mentioned
above, proved to be feasible in an outpatient setting. Our
approach was simple, low-cost, safe, quick, and well
tolerated. Once fully implemented, the entire procedure,
including patient preparation and discharge, could be
completed in under 10 min. Nevertheless, the require-
ment for a percutaneous biopsy may still be perceived as
invasive by some individuals, leading to reluctance due
to anticipated discomfort, procedural anxiety, concerns
about scarring, or perceived risk of complications; these
factors should be carefully considered when discussing
this technique in clinical practice and when comparing it
with purely noninvasive alternatives.

Our results showed that SAT fibrosis was indepen-
dent of sex, age, and BMI, which is consistent with
previous findings and confirms that adipose tissue fi-
brosis may develop independently of overall body fat
[30-32]. In addition, we observed a significant asso-
ciation between SAT fibrosis and the presence of type 2
diabetes. This finding aligns with earlier studies that
have linked SAT fibrosis to insulin resistance [33].
Henninger et al. [34] further proposed that dysfunc-
tional SAT, marked by signs of remodeling and fibrosis,
may represent an early susceptibility factor for the
development of type 2 diabetes, even in individuals
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without obesity but with a known genetic predisposi-
tion, such as first-degree relatives of patients with type 2
diabetes. Interestingly, our findings contrast with those
of a previous study conducted in individuals with
obesity undergoing bariatric surgery, where lower levels
of SAT and VAT fibrosis were reported in subjects with
type 2 diabetes compared to nondiabetic subjects, with
differences being more pronounced in visceral fat [13].
Based on these results, the authors hypothesized that
adipose tissue fibrosis might restrict adipocyte hyper-
trophy and promote compensatory hyperplasia. This
mechanism could, under certain conditions, exert
protective effects on systemic metabolism. However,
this remains a matter of debate, and further studies are
warranted to clarify the complex role of fibrosis in
metabolic regulation.

In our study, patients with SAT fibrosis had lower
platelet counts than those without fibrosis. This finding
aligns with previous evidence indicating that platelets
play a crucial role in the continuum of liver injury and
healing, notably contributing to liver inflammation [35].
Moreover, thrombocytopenia has been correlated with
the severity of liver dysfunction and the progression of
liver fibrosis [36, 37]. To the best of our knowledge, this
is the first study to describe a potential association be-
tween SAT fibrosis and elevated non-invasive liver fi-
brosis scores, suggesting a possible link between SAT
remodeling and liver dysfunction. This observation is
clinically relevant and warrants attention as increased
FIB-4 and/or APRI scores have been associated with
higher cardiovascular risk, advanced liver disease, he-
patocellular carcinoma, liver-related complications (e.g.,
ascites, variceal bleeding, need for liver transplantation),
and increased mortality [38-41].

Zorzano-Martinez et al.



Table 2. Clinical characteristics of patients with and without SAT fibrosis

No SAT fibrosis (n = 40) SAT fibrosis (n = 10) p value®
Sex, n (%) 0.686
Female 31 (77.5) 7 (70.0)
Male 9 (22.5) 3 (30.0)
Age, mean (SD), years 46.9 (10.8) 48.0 (11.4) 0.783
BMI, mean (SD), kg/m? 45.1 (5.9) 44.4 (4.8) 0.733
Glycemia, mean (SD), mg/dL 96.5 (16.7) 97.7 (17.1) 0.851
HbA1c, mean (SD), % 5.6 (0.7) 5.9 (0.4) 0.208
Fasting glucose, mean (SD), mg/dL 96.5 (16.7) 97.7 (17.1) 0.851
AST/GOT, mean (SD), units/L 23.0 (7.5) 30.5 (10.4) 0.013
ALT/GPT, mean (SD), units/L 25.8 (12.3) 34.6 (18.9) 0.080
GGT, median (range), IU/L 28.5 (7.0-124-0) 38.0 (13.0-242.0) 0.005
FIB-4, median (range) 0.68 (0.17-1.42) 1.10 (0.10-2.67) 0.005
FIB-4 >1.45, n (%) 0 (0.0 4 (40.0) <0.001
APRI, median (range) 0.21 (0.08-0.43) 0.32 (0.19-0.96) <0.001
APRI >0.5, n (%) 0 (0.0) 2 (20.0) 0.004
Platelet count, mean (SD), 10°/L 305.5 (70.1) 2415 (107.2) 0.025
HDLc, mean (SD), mg/dL 50.4 (9.7) 47.8 (10.1) 0.469
LDLc, mean (SD), mg/dL 127.3 (31.0) 102.7 (22.1) 0.023
Triglycerides, median (range), mg/dL 117.0 (55.0-386.0) 115.5 (66.0-224.0) 0.574
Lipid-lowering drugs, n (%) 10 (25.0) 3 (30.0) 0.747
Comorbidities, n (%)
Obstructive sleep apnea® 25 (86.2) 9 (90.0) 0.757
Hypertension 17 (42.5) 5 (50.0) 0.516
Type 2 diabetes mellitus 6 (15) 5 (50) 0.017
Metformin 5 (83.3) 5 (100) 0.338
Insulin 2 (33.3) 1 (20.0) 0.621
GLP1ar 2 (33.3) 2 (40.0) 0.819
SGLT2i 2 (33.3) 1 (20.0) 0.621
Cardiovascular disease 1(2.5) 1 (10.0) 0.279

ALT/GPT, alanine transaminase; APRI, aminotransferase-to-platelet ratio; AST/GOT, aspartate transam-
inase; BMI, body mass index; FIB-4, Fibrosis 4; GGT, gamma-glutamyl transferase; GLP1ar, glucagon-like
peptide-1 (GLP-1) receptor agonists; HbA1c, glycated hemoglobin; HDLc, high-density lipoprotein cho-
lesterol; LDLc, low-density lipoprotein cholesterol; SD, standard deviation; SGLT2i, type 2 sodium-glucose
cotransporter inhibitor. ?p values were calculated with Student’s t test, Pearson’s chi-squared test, and
Mann-Whitney U test, accordingly. PData available for 39 patients with sleep polysomnography testing for

diagnosis.

Interestingly, patients with SAT fibrosis in our study
exhibited lower levels of LDL cholesterol, a finding that
was not attributable to increased use of lipid-lowering
medications. Similar reductions in lipid profile param-
eters, including total cholesterol, LDL, VLDL, TGL, and
HDL, have been reported in patients with liver cirrhosis,
with levels declining as liver disease progresses based on
the Child-Pugh score and Model for End-Stage Liver

Adipose Tissue Fibrosis in Clinical Practice

Disease scores [42]. Additionally, Mouzaki et al. [43]
reported that nearly 10% of children and adolescents
with nonalcoholic fatty liver disease had abnormally low
LDL cholesterol levels, a proportion almost twice as high
as expected in the general population. However, none of
the patients in our cohort had a known diagnosis of liver
disease, nor were the clinical signs suggestive of cirrhosis
during the initial evaluation. These findings highlight the
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need for further research to elucidate the potential re-
lationship between lipid metabolism, SAT fibrosis, and
non-invasive markers of liver fibrosis.

Taken together, our findings lay the groundwork for the
potential incorporation of this refined SAT biopsy tech-
nique into the initial clinical assessment of patients with
ABCD. This novel approach could contribute to advancing
the individualization of obesity management and may
facilitate the phenotyping of patients living with the dis-
ease. SAT fibrosis could plausibly reflect a more advanced
stage of ABCD associated with an increased risk of de-
veloping obesity-related comorbidities. In addition, as
observed in bariatric surgery populations, patients with
SAT fibrosis may also be more resistant to weight loss
induced by pharmacological treatments. The biopsy pro-
tocol and results described here may be generalizable to
other healthcare settings. Moreover, this technique would
be especially indicated in countries with ethnically diverse
populations, where BMI alone has limited accuracy as a
marker of adiposity and associated comorbidities [31, 44].

Our results should be interpreted in light of several
limitations. First, this was a single-center study with a
relatively small sample size and some variability in the
biopsy technique across the 50 patients, reflecting a pro-
cedural learning curve. Second, a potential sampling bias
may have influenced the results as only patients with a
severe degree of obesity were included, which limits the
generalizability of the findings to individuals with lower
BML. Third, our histological assessment was focused on the
presence of fibrosis in SAT samples. Whether evaluating
additional parameters (e.g., inflammation, adipocyte size,
or vascular remodeling) might enhance the phenotypic
characterization of patients with obesity remains to be
determined. The decision to focus exclusively on fibrosis
was intended to provide a concise and interpretable
analysis from the pathologist, serving as the first step in our
research approach. Fourth, all SAT biopsies were obtained
under local infiltration with lidocaine; although exposure
before formalin fixation was short and identical for all
participants, we cannot entirely exclude subtle effects of
local anesthetics on histological features. Finally, the po-
tential need for repeated biopsies to monitor disease
progression over time has yet to be explored.

Conclusion

The assessment of SAT fibrosis in routine clinical
practice is a promising new tool for stratifying disease
severity and supports a more tailored approach to
managing patients with ABCD. Our findings suggested
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that the presence of SAT fibrosis may be associated with
greater involvement and a higher burden of co-
morbidities, such as type 2 diabetes and liver fibrosis.
Further studies in larger and more diverse populations
are needed to validate these observations and to deter-
mine the clinical utility of SAT fibrosis in risk stratifi-
cation and treatment planning of patients with ABCD.
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