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Abstract: Background: Sarcopenic obesity, characterized by excess fat and reduced muscle
mass/function, is linked to chronic inflammation and metabolic dysfunction. Methods:
This study aimed to evaluate the efficacy of a 2-month multidisciplinary residential pro-
gram (MRP) on the clinical and functional outcomes associated with the risk of sarcopenia
in 61 institutionalized Italian adults with obesity (mean age of 60; 36 women and 25 men;
BMI ≥ 30 with metabolic comorbidities). The MRP included personalized nutrition, physi-
cal activity, and psychological support. Outcomes included anthropometric, biochemical,
body composition, and physical performance measures (via Short Physical Performance
Battery [SPPB]), with sarcopenia risk evaluated using EWGSOP2 criteria. Results: Post-
intervention, significant improvements were observed in SPPB scores (+0.93 units, p < 0.001),
weight (−6.4 kg), BMI (−2.45 kg/m2), fat mass (−3.9 kg), visceral adipose tissue (−314.2 g),
and fat-free mass index (−285.54 g; all p < 0.01). Glycemic control improved, with re-
ductions in fasting glucose (−16.4 mg/dL), HbA1c (−0.81%), insulin (−2.77 mcU/mL),
and HOMA-IR (−0.95; p < 0.05). Lipid profiles also improved, including total cholesterol
(−21.32 mg/dL), LDL (−12.10 mg/dL), and triglycerides (−39.07 mg/dL; all p < 0.001).
Conclusions: The MRP effectively enhanced body composition, metabolic health, and phys-
ical function, underscoring its potential as a preferred strategy for managing sarcopenic
obesity in institutional settings.

Keywords: sarcopenic obesity; body composition; multidisciplinary residential program

1. Introduction
Obesity represents a major global health concern, affecting both industrialized and

developing countries with epidemic proportions. According to the 2022 European Regional
Obesity Report published by the World Health Organization (WHO), 29% of European
adults and nearly one in three children are either overweight or living with obesity [1]. In
obesity, there is an increase in the accumulation of adipose tissue mainly at the visceral
level [2]. The inflammatory process that occurs in visceral adipose tissue is closely related
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to insulin resistance since inflammation interferes with the normal function of insulin,
contributing to impaired glucose regulation in the body. Furthermore, inflammation is often
associated with abnormal tissue restructuring and can progress to fibrosis [2,3]. Obesity
therefore causes physiological alterations that can cause chronic inflammation in the body,
negatively influencing various systems such as the vascular, immune, metabolic, hormonal,
and bone systems. This condition of chronic inflammation can inhibit muscle protein
synthesis, favoring the development of sarcopenia, characterized by the progressive loss
of muscle mass and strength. In particular, excess adipose tissue increases the production
of cytokines, further aggravating muscle alterations [4]. Sarcopenia, initially defined in
2010 by the European Working Group on Sarcopenia in Older People (EWGSOP), was
primarily characterized by the loss of skeletal muscle mass. In 2019, the revised EWGSOP2
consensus redefined sarcopenia as a progressive and generalized skeletal muscle disorder
in which low muscle strength serves as the principal diagnostic criterion, with low muscle
quantity or quality confirming the diagnosis and poor physical performance indicating
severity [4]. This transition marked a paradigm shift, emphasizing muscle function over
mass. A recent critical review further proposed the use of specific terms—myopenia (low
muscle mass), dynapenia (low strength), and kratopenia (low muscle power)—to improve
clinical specificity and phenotypic classification [5].

When sarcopenia coexists with obesity, the resulting clinical condition is termed sar-
copenic obesity (SO). According to the ESPEN and EASO consensus statement (2022), SO is
defined by the concurrent presence of excess adiposity and low muscle function (strength
and/or mass), often associated with systemic inflammation, metabolic disturbances, and
physical disability [6]. This phenotype is particularly concerning due to the synergistic
negative effects of both components. The diagnosis of SO requires an integrated assess-
ment that includes anthropometric measurements, functional tests, and body composition
analysis [6]. Poor dietary intake—especially insufficient protein—and physical inactivity
contribute to the progression of sarcopenic obesity, exacerbating the imbalance between
lean and fat mass. This imbalance impairs muscle function both metabolically and mechan-
ically, leading to reduced physical performance, lower exercise tolerance, and an increased
risk of disability [6,7].

Given this background, the aim of this study was to evaluate the efficacy of a mul-
tidisciplinary residential program (MRP) in improving clinical and functional outcomes
associated with the risk of sarcopenia in a cohort of Italian patients with obesity. The pro-
gram targeted improvements in body composition, muscle strength, physical performance,
and metabolic health, aligning with the multidimensional criteria used in contemporary
definitions of sarcopenia and sarcopenic obesity.

2. Materials and Methods
2.1. Study Design and Population

This prospective, open-label observational cohort study was conducted at the
Metabolic Rehabilitation Unit of the Azienda di Servizi alla Persona, Istituto Santa
Margherita, University of Pavia (Pavia, Italy). Both participants and investigators were
aware of the treatment protocol.

The study was approved by the Ethics Committee of the University of Pavia, and all
participants provided written informed consent prior to enrollment.

Data were collected between 1 January 2021 and 1 September 2023 in accordance with
the STROBE guidelines for observational studies and following the CONSORT reporting
structure for transparency [8].

Inclusion criteria were as follows: age ≥ 18 years, BMI ≥ 30 kg/m2, and at least
one metabolic comorbidity (e.g., type 2 diabetes, dyslipidemia, hypertension, or hyper-
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uricemia). Exclusion criteria included the following: pregnancy or breastfeeding, active
oncologic disease, severe psychiatric conditions (e.g., psychosis), severe cognitive impair-
ment, or inability to participate in physical activity due to musculoskeletal or cardiovascu-
lar contraindications.

Participants were referred to the residential program by general practitioners, endocri-
nologists, or hospital-based specialists. A total of 102 individuals were initially screened
for eligibility. Among these, 72 met the inclusion criteria and were invited to participate.
Eleven individuals declined participation prior to the start of the program. The final sample
included 61 participants (36 women and 25 men), all of whom completed the 8-week
multidisciplinary residential program.

The multidisciplinary residential program (MRP) lasted approximately two months
and was delivered in a fully supervised inpatient setting.

2.2. Multidimensional Residential Program Interventions

The multidisciplinary residential program (MRP) was designed as a comprehensive,
hospital-based intervention integrating nutritional counseling, structured physical exercise,
and psychological support. The rationale behind this approach is grounded in the complex,
multifactorial pathophysiology of sarcopenic obesity, which involves metabolic, mechanical,
and behavioral components. The program aimed to create a synergistic effect through
simultaneous improvements in energy balance, muscle function, and cognitive emotional
regulation. The three components of the MRP are detailed below.

2.2.1. Nutritional Intervention

The nutritional intervention consisted of a low-energy mixed diet (50–55% carbohy-
drates, 25–30% lipids, 15–20% proteins) designed to provide a 500–600 kcal/day caloric
deficit based on individual TEE, calculated from resting energy expenditure and activity
factors. The diet adhered to American Diabetes Association guidelines [9] while ensuring a
weekly weight loss of 0.5–1 kg (a low-risk approach [9]) and providing an adequate protein
intake in line with official recommendations to meet the estimated protein requirements of
individuals with obesity. Meals were tailored by registered dietitians to meet individual
metabolic needs and food preferences. Weekly one-on-one dietary counseling sessions
included goal setting, portion size education, and behavioral strategies for long-term
adherence. Vitamin D supplementation was administered if 25OHD was <30 ng/mL.

2.2.2. Physical Activity

The exercise regimen followed the World Health Organization’s recommendations [10]
and consisted of a concurrent training protocol combining aerobic and strength-based
exercises. Although no stratification was applied based on obesity severity, this approach
was selected due to limited consensus regarding optimal exercise regimens in adults with
severe obesity (BMI ≥ 40 kg/m2). Each participant engaged in a 60 min supervised exercise
session five days per week, combining aerobic activities (e.g., treadmill walking or cycling)
and resistance exercises (e.g., bodyweight and elastic band training). These were adapted to
individual fitness levels and progressed weekly. The program also included a pedometer-
based daily goal of ≥10,000 steps to encourage active behavior outside of structured
sessions. This protocol was informed by previous evidence supporting combined training
in improving physical function and metabolic health among individuals with obesity [11].
All sessions were tailored to individual capacity and were supervised on-site by licensed
physiotherapists with expertise in obesity rehabilitation.
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2.2.3. Psychological Support

Psychological support was based on the enhanced cognitive behavioral therapy (CBT-
E) framework [12], which is considered a first-line approach in the management of eating
disorders and maladaptive dietary behaviors, and has demonstrated particular efficacy
in the context of obesity, where emotional eating, cognitive distortions, and low self-
efficacy often act as barriers to behavioral change. The intervention aimed to identify
disordered eating patterns, promote cognitive restructuring, and provide psychoeduca-
tional tools to support behavioral change and adherence to nutritional recommendations.
Participants attended weekly individual sessions with trained psychologists to address
psychological barriers, reduce maladaptive thought patterns, and strengthen self-regulation
strategies. In addition, multidisciplinary group meetings involving both psychologists and
dietitians focused on skill-building for long-term weight maintenance and post-program
relapse prevention.

2.3. Measured Outcomes
2.3.1. Anthropometric Assessment

Anthropometric measurements, including body weight (recorded to 0.1 kg using a
precision scale), waist circumference (measured at the midpoint between the iliac crest
and the lowest rib), and hip circumference, were taken weekly throughout the 12-week
multidisciplinary residential program (MRP). Weight was recorded to the nearest 0.1 kg
using a calibrated digital scale, and waist circumference was measured at the midpoint
between the iliac crest and the lowest rib. Participants were assessed while wearing light
clothing and in accordance with standardized protocols [13].

2.3.2. Body Composition via Dual-Energy X-Ray Absorptiometry (DXA)

Body composition was evaluated using a Lunar Prodigy DXA system (GE Medical
Systems), including assessments of fat-free mass (FFM), fat mass, and visceral adipose
tissue (VAT). The coefficients of variation were 0.89% for fat mass and 0.48% for FFM.
The skeletal muscle index (SMI) was calculated as the sum of arm and leg FFM divided
by height squared (kg/m2), while the fat-free mass index (FFMI) was calculated as the
total FFM divided by height squared. FFM depletion was defined as FFMI below the
5th percentile for age- and sex-matched healthy controls [14]. VAT was estimated using
a correction factor of 0.94 g/cm3, and subcutaneous abdominal fat was determined by
subtracting VAT from android fat.

2.3.3. Physical Performance

According to the updated criteria proposed by the European Working Group on
Sarcopenia in Older People (EWGSOP2), probable sarcopenia is identified by low muscle
strength—defined as handgrip strength below <27 kg in men and <16 kg in women, or
the completion of a chair stand test taking longer than 15 s. The diagnosis is confirmed by
low muscle mass, with cut-off values of appendicular skeletal muscle mass (ASM) < 20 kg
for men and <15 kg for women, or ASM/height2 < 7.0 kg/m2 in men and <5.5 kg/m2 in
women. Severe sarcopenia is diagnosed when poor physical performance is also present,
defined by an SPPB score ≤ 8, gait speed ≤ 0.8 m/s, or a Timed Up and Go (TUG) test
speed of ≥20 s [15].

Handgrip Strength: Handgrip strength was measured at baseline (t0) and post-
intervention (t1) using a Jamar 5030 J1 hydraulic dynamometer (Sammons Preston Rolyan;
0.6 N accuracy). Participants were assessed while seated, with the elbow at the side and
the arm flexed at a right angle, following standardized positioning.
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Short Physical Performance Battery (SPPB): The Short Physical Performance Battery
(SPPB) was used to assess lower extremity function at baseline (t0) and post-intervention
(t1). The battery includes three components: a gait speed test (timed 4 m walk), a chair
stand test (five consecutive rises from a seated position without arm support), and a balance
assessment (side-by-side, semi-tandem, and tandem positions). Each component is scored
from 0 to 4 based on performance time or ability to complete the task, with a maximum
total score of 12 indicating optimal physical function [15].

2.3.4. Biochemical Parameters

Blood samples were collected at baseline and post-intervention to assess nutritional
status, lipid and glycemic profiles, inflammation, and metabolic health. Measurements
included C-reactive protein (CRP), transferrin, Apo A1, and Apo B using immunotur-
bidimetry (Roche, Basel, Switzerland). Erythrocyte sedimentation rate (ESR) was assessed
using the Westergren method (Diesse Analyzer). Electrolytes were analyzed by indirect
ISE potentiometry (Abbott, Abbott Park, IL, USA), and ionized calcium was measured
via selective electrode potentiometry. Insulin levels were quantified by electrochemilumi-
nescence immunoassay (ECLIA, Roche). Glucose, AST, and ALT levels were determined
by enzymatic UV assays (Abbott). Complete blood count (CBC) was determined with
an automated differential blood cell counter. Insulin resistance was calculated using the
HOMA index [16]. Additional parameters included serum iron, lipids, uric acid, creatinine,
and total calcium, analyzed via enzymatic colorimetric assays (Abbott Laboratories).

2.4. Statistical Analysis

For continuous variables, paired t-tests were used to compare pre- and post-
intervention measurements. For categorical variables, McNemar’s test was applied. While
multiple outcome measures were assessed, no formal adjustment for multiple comparisons
was implemented due to the exploratory nature of this observational study and the goal
of hypothesis generation rather than strict statistical inference. This limitation is acknowl-
edged, and p-values should be interpreted with appropriate caution regarding potential
Type I errors. Statistical significance was set at p < 0.05.

Patient confidentiality was maintained through data anonymization, secure electronic
storage on password-protected devices, and restricted access limited to authorized study
personnel. All data handling procedures complied with institutional ethics guidelines and
data protection regulations.

2.5. Ethical Considerations

The study protocol was conducted in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of the University of Pavia, Italy (approval number
1219/12062024). All participants provided written informed consent before enrollment.
Patient confidentiality was ensured through anonymization of data, secure electronic
storage, and restricted access to study personnel.

3. Results
A total of 61 patients with obesity completed the study (36 women and 25 men), with

a mean age of 60.0 ± 13.5 years. Baseline characteristics for women and men, including
anthropometric and functional parameters, are reported in Table 1.
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Table 1. Baseline characteristics of the sample.

Variable Male (n = 36) Female (n = 25) Overall (n = 61)

Age (years) 60.5 ± 13.2 59.8 ± 14.1 60.0 ± 13.5
BMI (kg/m2) 41.1 ± 5.7 40.9 ± 6.2 41.0 ± 5.9

Waist (cm) 112.3 ± 9.8 110.5 ± 10.2 111.4 ± 10.0
Hip (cm) 135.2 ± 8.4 134.1 ± 8.9 134.7 ± 8.6

Handgrip (kg) 25.5 ± 8.2 24.3 ± 7.1 24.9 ± 7.7
SMI (kg/m2) 7.8 ± 1.2 7.5 ± 1.3 7.7 ± 1.2
SPPB Score 8.2 ± 2.1 7.9 ± 2.3 8.0 ± 2.2

Total Cholesterol (mg/dL) 185.0 ± 37.0 178.5 ± 34.5 182.6 ± 36.1
HDL (mg/dL) 46.0 ± 10.5 44.5 ± 9.8 45.9 ± 10.2

Triglycerides (mg/dL) 162.0 ± 72.0 158.0 ± 68.0 160.8 ± 70.0
LDL (mg/dL) 110.0 ± 33.0 106.0 ± 31.0 108.9 ± 32.0

Apo A (mg/dL) 140.0 ± 24.0 138.0 ± 22.0 139.2 ± 23.5
Apo B (mg/dL) 101.0 ± 26.0 98.0 ± 24.0 100.1 ± 25.0

CRP (mg/L) 3.2 ± 2.1 2.9 ± 1.8 3.0 ± 2.0
VAT (cm2) 150.0 ± 30.0 145.0 ± 28.0 147.5 ± 29.0

Fat-Free Mass (kg) 45.0 ± 8.0 44.5 ± 7.5 44.8 ± 7.8
Abbreviations: BMI, body mass index; SMI, skeletal muscle index; SPPB, short physical performance battery.

The prevalence of diagnostic criteria associated with sarcopenia, based on EWGSOP2
thresholds, is summarized in Table 2 (baseline) and Table 3 (post-intervention). At baseline,
no participant met the criteria for confirmed sarcopenia (i.e., low SMI), while 2 participants
(3.28%) presented with low handgrip strength and 16 participants (26.23%) exhibited
reduced physical performance in the chair stand test. These data support the preventive
intent of the intervention, which targeted individuals at risk for sarcopenia rather than only
those with established sarcopenic obesity.

Table 2. Prevalence of sarcopenia-related criteria (risk factors for sarcopenia) at baseline (EWGSOP2).

SMI Handgrip
Test Chair Test Handgrip Test AND

Chair Test
Handgrip Test OR

Chair Test

Cut-off M < 7 kg/m2

F < 5.5 kg/m2
M < 27 kg
F < 16 kg >15 s

M < 27 kg
F < 16 kg;

>15 s

M < 27 kg
F < 16 kg;

>15 s
Men (n) 0 1 3 3 7

Women (n) 0 1 13 12 26
Total (n) 0 2 16 15 33
Total (%) 0% 3.3% 26.2% 24.6% 54.1%

Abbreviations: SMI, skeletal muscle index.

Table 3. Prevalence of sarcopenia-related criteria (risk factors for sarcopenia) after intervention (EWGSOP2).

SMI Handgrip Test Chair Test Handgrip Test
AND Chair Test

Handgrip Test
OR Chair Test

Cut-off M < 7 kg/m2

F < 5.5 kg/m2
M < 27 kg
F < 16 kg >15 s

M < 27 kg
F < 16 kg;

>15 s

M < 27 kg
F < 16 kg;

>15 s
Men (n) 0 1 4 1 6

Women (n) 0 6 10 8 24
Total (n) 0 7 14 9 30
Total (%) 0% 11.5% 22.9% 14.75% 49.2%

Abbreviations: SMI, skeletal muscle index.
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As shown in Table 4, all the anthropometric and body composition variables signifi-
cantly changed between pre and post recovery. In particular, weight, BMI, body circum-
ference, fat mass, fat free mass, and VAT improved significantly (p < 0.001 or p < 0.01).
Concerning physical performance, only SPPB values increased significantly after recovery
(p < 0.001).

Table 4. Anthropometric parameters, body composition parameters, and physical function parame-
ters at the beginning and at the end of recovery.

Variable Pre (Mean ± SD) Post (Mean ± SD) ∆ Change (CI95:
Lower; Upper) p-Value

Weight (kg) 106.5 ± 16.9 100.1 ± 16.0 −6.4 (−7.1; −5.7) 0.001
BMI (kg/m2) 41.1 ± 5.7 38.7 ± 5.6 −2.5 (−2.7; −2.2) 0.001

Arm circumference (cm) 36.8 ± 4.7 35.4 ± 3.8 −1.4 (−2.4; −0.4) 0.007
Calf circumference (cm) 42.1 ± 4.5 41.1 ± 3.5 −1.1 (−1.9; −0.2) 0.017

Waist circumference (cm) 125.9 ± 10.6 120.2 ± 10.8 −5.7 (−6.4; −4.9) 0.001
Hips circumference (cm) 127.6 ± 12.5 123.9 ± 12.4 −3.7 (−4.5; −3.0) 0.001

Total mass (kg) 106.5 ± 16.9 100.1 ± 16.0 −6.4 (−7.1; −5.7) 0.001
Fat mass (g) 49,411.1 ± 10,603.7 45,504.5 ± 10,428.6 −3906.7 (−4574.5; −3238.9) 0.001
Fat mass (%) 48.6 ± 6.9 46.7 ± 7.3 −1.9 (−2.4; −1.4) 0.001

Fat free mass (g) 51,976.3 ± 10,394.0 51,174.9 ± 9799.7 −801.5 (−1335.3; −267.6) 0.004
FFMI 19,889.8 ± 2279.4 19,604.3 ± 2192.7 −285.5 (−487.3; −83.8) 0.006

VAT (g) 2701.3 ± 1272.2 2387.1 ± 1098.9 −314.2 (−452.1; −176.3) 0.001
Handgrip (kg) 25.5 ± 12.1 26.1 ± 11.5 1.1 (−0.3; 2.5) 0.121

SMI 9.2 ± 1.2 9.1 ± 11.2 −0.1 (−0.3; 0.1) 0.248
SPPB (score) 8.5 ± 2.7 9.4 ± 2.3 0.9 (0.6; 1.3) 0.0001

Abbreviations. BMI, body mass index; FFMI, fat free mass index; VAT, visceral adipose tissue; SMI, skeletal
muscle index; SPPB, short physical performance battery. In bold: values with p < 0.05.

In Table 5, regarding blood parameters, as there was a significant improvement in
the overall values between pre and post recovery, it is noteworthy to mention how such
intervention enhanced glycaemia (p < 0.05), glycosylated hemoglobin (p < 0.01), insulinemia
(p < 0.05), total cholesterol (p < 0.001), LDL (p < 0.001), and triglyceride (p < 0.001) levels.

Table 5. Blood chemistry parameters at the beginning and end of recovery.

Variable Pre (Mean ± SD) Post (Mean ± SD) ∆ Change (95% CI) p-Value

Albumin (%) 58.9 ± 4.1 59.1 ± 4.3 +0.2 (−0.5; 0.9) 0.561
Albumin (g/dL) 4.0 ± 0.3 3.9 ± 0.4 −0.1 (−0.2; 0.0) 0.094

Alpha-1 globulin (%) 4.1 ± 0.6 4.0 ± 0.6 −0.1 (−0.4; 0.3) 0.734
Alpha-2 globulin (%) 10.3 ± 1.8 10.4 ± 1.8 +0.1 (0.0; 0.3) 0.022

ALT (IU/L) 33.6 ± 23.0 33.1 ± 27.4 −0.5 (−6.6; 5.6) 0.856
Amylase (U/L) 49.9 ± 19.6 45.2 ± 20.0 −4.8 (−7.2; −2.3) 0.001
Apo A (mg/dL) 139.2 ± 23.7 120.5 ± 20.0 −18.7 (−23.6; −13.8) 0.001
Apo B (mg/dL) 100.1 ± 26.0 84.7 ± 21.9 −15.3 (−20.5; −10.1) 0.001

AST (IU/L) 22.3 ± 11.1 20.4 ± 11.3 −1.9 (−4.8; 0.9) 0.182
Beta globulin (%) 12.0 ± 1.6 11.8 ± 1.8 −0.2 (−0.5; 0.1) 0.188

BUN (mg/dL) 39.8 ± 14.1 40.2 ± 16.7 +0.5 (−1.8; 2.8) 0.669
Calcium (mg/dL) 9.2 ± 0.6 9.4 ± 0.5 +0.1 (−0.0; 0.3) 0.119

Chloride (Cl, mmol/L) 102.7 ± 2.5 103.4 ± 3.7 +0.6 (0.4; 1.7) 0.242
CRP (mg/dL) 0.6 ± 0.6 0.5 ± 0.5 −0.1 (−0.3; 0.1) 0.144

Creatinine (mg/dL) 0.9 ± 0.3 0.9 ± 0.3 +0.0 (−0.0; 0.1) 0.402
ESR (mm/h) 27.5 ± 20.4 26.1 ± 15.0 −1.4 (−7.2; 4.4) 0.635

Folate (ng/mL) 7.5 ± 4.2 7.4 ± 13.1 −0.1 (−3.0; 2.8) 0.919
Gamma globulin (%) 14.8 ± 2.9 14.9 ± 2.8 +0.1 (−0.2; 0.4) 0.517

GGT (U/L) 32.5 ± 20.3 22.0 ± 14.9 −10.5 (−15.4; −5.6) 0.001
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Table 5. Cont.

Variable Pre (Mean ± SD) Post (Mean ± SD) ∆ Change (95% CI) p-Value

Glycaemia (mg/dL) 108.5 ± 52.3 92.1 ± 14.4 −16.4 (−31.0; −1.8) 0.028
HbA1c (%) 7.1 ± 1.6 6.3 ± 0.9 −0.8 (−1.3; −0.3) 0.004

Hematocrit (%) 41.2 ± 3.6 40.9 ± 3.5 −0.3 (−0.9; 0.3) 0.359
Hemoglobin (g/dL) 13.7 ± 1.4 13.6 ± 1.3 −0.2 (−0.3; 0.0) 0.130

HDL (mg/dL) 45.9 ± 10.2 40.1 ± 8.4 −5.8 (−7.4; −4.2) 0.001
Homocysteine (µmol/L) 16.1 ± 5.0 14.7 ± 5.9 −1.3 (−5.5; 2.8) 0.419

HOMA-IR 4.0 ± 2.8 3.1 ± 1.9 −1.0 (−1.8; −0.2) 0.022
Insulin (mcU/mL) 15.5 ± 8.7 12.8 ± 7.9 −2.8 (−5.1; −0.4) 0.023

Iron (mcg/L) 90.0 ± 33.7 107.1 ± 23.7 −17.1 (−25.5; −8.7) 0.001
Leukocytes (k/µL) 7.1 ± 2.0 6.5 ± 2.0 −0.7 (−1.0; −0.3) 0.001

Lipase (U/L) 23.0 ± 11.6 27.7 ± 14.9 +4.6 (2.0; 7.3) 0.001
Lymphocytes (n) 2.4 ± 0.9 2.3 ± 0.9 −0.1 (−0.2; 0.1) 0.488
Lymphocytes (%) 32.5 ± 7.1 35.8 ± 8.8 +3.3 (1.7; 4.9) 0.001

Mean corpuscular volume (fL) 87.9 ± 4.8 88.2 ± 4.4 +0.2 (−0.3; 0.8) 0.396
Phosphatase (U/L) 65.5 ± 17.7 62.2 ± 18.0 −3.2 (−6.7; 0.5) 0.086

Platelets (k/µL) 247.8 ± 247.8 236.6 ± 55.8 −11.2 (−21.4; −1.0) 0.032
Potassium (K, mmol/L) 4.4 ± 0.4 4.3 ± 0.5 −0.1 (−0.2; 0.0) 0.144

Prealbumin (mg/dL) 25.3 ± 4.9 23.5 ± 4.8 −1.8 (−2.9; −0.7) 0.002
Sodium (Na, mmol/L) 139.0 ± 2.1 140.3 ± 2.2 +1.3 (0.6; 2.1) 0.001
Total bilirubin (mg/dL) 0.7 ± 0.3 0.6 ± 0.3 −0.1 (−0.2; −0.1) 0.001

Total cholesterol (mg/dL) 182.6 ± 36.1 161.3 ± 35.7 −21.3 (−30.7; −12.0) 0.001
Total proteins (g/dL) 6.8 ± 0.5 6.6 ± 0.5 −0.2 (−0.3; −0.0) 0.008
Transferrin (mg/dL) 258.2 ± 43.7 241.6 ± 43.3 −16.6 (−27.9; −5.3) 0.006

Triglycerides (mg/dL) 160.8 ± 71.3 121.7 ± 39.4 −39.1 (−53.3; −24.9) 0.001
Uricemia (mg/dL) 6.0 ± 1.7 6.2 ± 1.9 +0.2 (−0.1; 0.5) 0.108

Vitamin B12 (pg/mL) 437.3 ± 184.5 506.1 ± 207.6 +68.8 (−122.4; 259.9) 0.335
Vitamin D (ng/mL) 25.0 ± 11.9 26.9 ± 13.7 +1.9 (−3.0; 6.8) 0.338

In bold: values with p < 0.05.

4. Discussion
This prospective observational study demonstrates that a multidisciplinary residential

program (MRP), delivered in a hospital-based setting with intensive supervision and
standardization, can produce clinically relevant improvements in physical function, body
composition, and metabolic parameters in individuals with obesity at risk of sarcopenia.
Compared to prior outpatient or community-based interventions, our results suggest
that the inpatient format may enhance adherence, optimize synergy among components,
and facilitate more robust short-term functional gains [17–19]. The integrated design
of the intervention, which combines nutritional counseling, structured physical activity,
and psychological support, appears particularly suitable for addressing the multifactorial
pathophysiology of sarcopenic obesity.

The observed improvements in SPPB scores, despite modest or non-significant changes
in muscle mass and strength indices such as handgrip strength and SMI, suggest that func-
tional adaptations may precede structural changes in muscle tissue. This phenomenon
aligns with research indicating that neuromuscular efficiency and coordination may
improve before detectable hypertrophy occurs, particularly in older adults. The non-
significant changes in handgrip strength and SMI warrant consideration in the context of
the relatively short intervention period, as structural adaptations in aging muscle typically
require longer timeframes [20,21].

These findings support the concept that early functional gains may be mediated
by improvements in neuromuscular activation, mitochondrial efficiency, and motor unit
recruitment, especially in contexts of anabolic resistance. This is particularly relevant in



Nutrients 2025, 17, 1511 9 of 11

sarcopenic obesity, where metabolic disturbances, chronic low-grade inflammation, and
hormonal imbalances contribute to impaired muscle plasticity. Reduced visceral adipose
tissue, which plays a key role in the inflammatory and endocrine crosstalk between adipose
and muscle tissues, may also help restore a more anabolic and less catabolic environment.
The downregulation of pro-inflammatory adipokines and improved insulin sensitivity may
promote a metabolic context favorable to muscle function, even before substantial increases
in muscle mass can occur [20,21].

The nutritional protocol adopted in this study, which included an energy-restricted
diet with adequate protein intake, likely contributed to the preservation of lean mass
during weight loss. Recent studies in the literature emphasize the importance of adeguate
protein intake in preventing loss of muscle mass during caloric restriction in older adults
with obesity [15]. Moreover, the structured physical activity program—combining aerobic
and resistance elements—was designed to stimulate both cardiovascular adaptations and
muscle activation, in line with recommendations for sarcopenia management [15].

The metabolic improvements observed following the intervention, including bet-
ter glycemic control and lipid profiles, reflect the synergistic effect of body composition
improvements and physical reconditioning. These effects are not merely secondary end-
points but represent core mechanisms in the prevention of sarcopenic trajectories, as insulin
resistance and dyslipidemia directly impair anabolic signaling and increase muscle degra-
dation pathways [20,21].

Finally, although improvements in micronutrient status such as vitamin B12 were not
statistically significant, the trend toward normalization is clinically meaningful. Suboptimal
B12 levels have been associated with impaired neuromuscular performance, and their
correction may support broader rehabilitation goals.

4.1. Limitations

This study has several limitations. First, the lack of a control group limits causal
inference, and the observed improvements may partially reflect regression to the mean,
seasonal variation, or increased adherence due to the residential setting. Second, the inter-
vention was conducted in a hospital-based environment, which limits generalizability to
community or outpatient populations. Third, the relatively short duration of follow-up may
not capture the full extent of muscular adaptations, particularly those related to structural
remodeling. Fourth, the sample size was not determined through formal power analysis
and may have limited the study’s ability to detect small effects or stratify by relevant
subgroups such as sex. Additionally, no formal a priori power analysis was conducted to
determine the sample size. Given the exploratory nature of the study and the scarcity of
preliminary data on sarcopenia outcomes in obese institutionalized populations, the sam-
ple size of 61 participants was considered pragmatically feasible for a pilot observational
design. However, this limitation may reduce the statistical power for detecting small effect
sizes or for performing stratified analyses by sex or clinical subgroups. Finally, the analysis
involved multiple statistical comparisons without correction for multiplicity, which may
increase the risk of Type I error. Future randomized studies with longer follow-ups and
mechanistic assessments are needed to confirm these findings and better delineate the
biological pathways involved.

4.2. Future Clinical Application

Future clinical applications of this work could include the implementation of similar
multidisciplinary programs in community or outpatient settings, with adaptations for
scalability, accessibility, and cost-effectiveness. Such programs may play a central role in
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the structured management of sarcopenic obesity, particularly in settings where intensive,
individualized interventions are not always feasible.

While randomized controlled trials (RCTs) remain the standard for evaluating in-
tervention efficacy, the nature of multidisciplinary programs—encompassing behavioral,
dietary, and physical activity components—requires open-label designs. In this context,
pragmatic RCTs comparing MRPs with standard outpatient care represent a feasible and
scientifically sound strategy to assess their effectiveness.

Although crossover designs are occasionally employed in nutrition research, they
are less appropriate here due to the prolonged and multifactorial effects of residential
interventions, which may not be reversible within acceptable washout periods.

Moreover, future studies should incorporate longer follow-up periods and include
mechanistic assessments—such as inflammatory markers, muscle-specific biomarkers, and
imaging data—to better understand the biological pathways underlying the clinical benefits
of MRPs. Evaluating cost-effectiveness and patient adherence in real-world settings will
also be essential for informing public health strategies and institutional policies.

5. Conclusions
In conclusion, this study highlights the clinical value of a multidisciplinary residential

program in improving functional performance, body composition, and metabolic health in
individuals with obesity who are at risk of sarcopenia. The findings support the notion that
early functional gains can be achieved even in the absence of substantial structural muscle
changes, particularly through improvements in neuromuscular coordination and metabolic
efficiency. By targeting multiple domains—nutritional adequacy, physical reconditioning,
and psychological support—within a supervised hospital-based setting, the intervention
effectively addresses the complex pathophysiology of sarcopenic obesity. These results
reinforce the importance of integrated, multicomponent strategies in mitigating the pro-
gression toward physical disability and metabolic deterioration in vulnerable populations.
Future research should aim to replicate these findings in non-institutionalized settings,
over longer durations, and with more detailed mechanistic exploration. Nevertheless, the
present study contributes to the growing body of evidence advocating for structured and
holistic approaches in the prevention and management of sarcopenic obesity.

Author Contributions: Conceptualization, M.R., S.P. and G.M.; methodology, S.P. and G.M.; formal
analysis, S.P.; investigation, C.G., G.L. and G.M.; data curation, E.G., E.M.V. and G.M.; writing—
original draft preparation, C.G., A.M. and G.L.; writing—review and editing, M.R.; supervision, M.R.
and S.P.; project administration, M.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of the University of Pavia, Italy (approval
number 1219/12062024; 19 December 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors upon request. The data are not publicly available due to privacy reasons.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. WHO European Regional Obesity Report 2022. 2022. Available online: http://apps.who.int/bookorders (accessed on 26

April 2025).

http://apps.who.int/bookorders


Nutrients 2025, 17, 1511 11 of 11

2. Longo, M.; Zatterale, F.; Naderi, J.; Parrillo, L.; Formisano, P.; Raciti, G.A.; Beguinot, F.; Miele, C. Adipose Tissue Dysfunction as
Determinant of Obesity-Associated Metabolic Complications. Int. J. Mol. Sci. 2019, 20, 2358. [CrossRef] [PubMed]

3. Marcelin, G.; Silveira, A.L.M.; Martins, L.B.; Ferreira, A.V.M.; Clément, K. Deciphering the cellular interplays underlying
obesity-induced adipose tissue fibrosis. J. Clin. Investig. 2019, 129, 4032–4040. [CrossRef] [PubMed]

4. Hong, S.H.; Choi, K.M. Sarcopenic Obesity, Insulin Resistance, and Their Implications in Cardiovascular and Metabolic Conse-
quences. Int. J. Mol. Sci. 2020, 21, 494. [CrossRef]

5. Sanchez-Tocino, M.L.; Cigarrán, S.; Ureña, P.; González-Casaus, M.L.; Mas-Fontao, S.; Gracia-Iguacel, C.; Ortíz, A.; Gonzalez-Parra,
E. Definition and evolution of the concept of sarcopenia. Nefrología 2024, 44, 323–330. [CrossRef] [PubMed]

6. Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, J.M.; Boirie, Y.; Cruz-Jentoft,
A.J.; Dicker, D.; et al. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Clin. Nutr.
2022, 41, 990–1000. [CrossRef] [PubMed]

7. Stenholm, S.; Harris, T.B.; Rantanen, T.; Visser, M.; Kritchevsky, S.B.; Ferrucci, L. Sarcopenic obesity: Definition, cause and
consequences. Curr. Opin. Clin. Nutr. Metab. Care 2008, 11, 693–700. [CrossRef]

8. Schulz, K.F.; Altman, D.G.; Moher, D. Standards & Guidelines OPEN ACCESS CONSORT Statement 2010: Linee Guida
Aggiornate per il Reporting di Trial Randomizzati a Gruppi Paralleli. Available online: www.consort-statement.org (accessed on
1 January 2025).

9. Garvey, W.T.; Mechanick, J.I.; Brett, E.M.; Garber, A.J.; Hurley, D.L.; Jastreboff, A.M.; Nadolsky, K.; Pessah-Pollack, R.; Plod-
kowski, R. American association of clinical endocrinologists and American college of endocrinology comprehensive clinical
practice guidelines for medical care of patients with obesity. Endocr. Pract. 2016, 22, 1–203. [CrossRef] [PubMed]

10. WHO. Who Guidelines on Physical Activity and Sedentary Behaviour; WHO: Geneva, Switzerland, 2020.
11. Chlif, M.; Chaouachi, A.; Ahmaidi, S. Effect of aerobic exercise training on ventilatory efficiency and respiratory drive in obese

subjects. Respir Care 2017, 62, 936–946. [CrossRef]
12. de Jong, M.; Spinhoven, P.; Korrelboom, K.; Deen, M.; van der Meer, I.; Danner, U.N.; van der Schuur, S.; Schoorl, M.; Hoek, H.W.

Effectiveness of enhanced cognitive behavior therapy for eating disorders: A randomized controlled trial. Int. J. Eat. Disord. 2020,
53, 447–457. [CrossRef]

13. Frisancho, R. New standards of Weight and Body Composition by Frame Size and Height for Assessment of Nutritional Status of
Adults and the Elderly13. 1984. Available online: https://academic.oup.com/ajcn/article-abstract/40/4/808/4691446 (accessed
on 26 April 2025).

14. Janssen, I.; Baumgartner, R.N.; Ross, R.; Rosenberg, I.H.; Roubenoff, R. Skeletal Muscle Cutpoints Associated with Elevated
Physical Disability Risk in Older Men and Women. Am. J. Epidemiol. 2004, 159, 413–421. [CrossRef] [PubMed]

15. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]

16. Haffner, S.M.; Gonzalez, C.; Mlettlnen, H.; Kennedy, E.; Stern, M.P. A Prospective Analysis of the HOMA Model The Mexico City
Diabetes Study. Available online: http://diabetesjournals.org/care/article-pdf/19/10/1138/444443/19-10-1138.pdf (accessed
on 26 April 2025).

17. Dieli-Conwright, C.M.; Courneya, K.S.; Demark-Wahnefried, W.; Sami, N.; Lee, K.; Buchanan, T.A.; Spicer, D.V.; Tripathy,
D.; Bernstein, L.; Mortimer, J.E. Effects of Aerobic and Resistance Exercise on Metabolic Syndrome, Sarcopenic Obesity, and
Circulating Biomarkers in Overweight or Obese Survivors of Breast Cancer: A Randomized Controlled Trial. J. Clin. Oncol. 2018,
36, 875–883. [CrossRef]

18. Chen, H.T.; Chung, Y.C.; Chen, Y.J.; Ho, S.Y.; Wu, H.J. Effects of Different Types of Exercise on Body Composition, Muscle
Strength, and IGF-1 in the Elderly with Sarcopenic Obesity. J. Am. Geriatr. Soc. 2017, 65, 827–832. [CrossRef]

19. Yin, Y.H.; Liu, J.Y.W.; Välimäki, M. Dietary behaviour change intervention for managing sarcopenic obesity among community-
dwelling older people: A pilot randomised controlled trial. BMC Geriatr. 2023, 23, 597. [CrossRef] [PubMed]

20. Axelrod, C.L.; Dantas, W.S.; Kirwan, J.P. Sarcopenic obesity: Emerging mechanisms and therapeutic potential. Metabolism 2023,
146, 155639. [CrossRef] [PubMed]

21. Wei, S.; Nguyen, T.T.; Zhang, Y.; Ryu, D.; Gariani, K. Sarcopenic obesity: Epidemiology, pathophysiology, cardiovascular disease,
mortality, and management. Front. Endocrinol. 2023, 14, 1185221. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms20092358
https://www.ncbi.nlm.nih.gov/pubmed/31085992
https://doi.org/10.1172/JCI129192
https://www.ncbi.nlm.nih.gov/pubmed/31498150
https://doi.org/10.3390/ijms21020494
https://doi.org/10.1016/j.nefro.2023.08.001
https://www.ncbi.nlm.nih.gov/pubmed/38945744
https://doi.org/10.1016/j.clnu.2021.11.014
https://www.ncbi.nlm.nih.gov/pubmed/35227529
https://doi.org/10.1097/MCO.0b013e328312c37d
www.consort-statement.org
https://doi.org/10.4158/EP161365.GL
https://www.ncbi.nlm.nih.gov/pubmed/27219496
https://doi.org/10.4187/respcare.04923
https://doi.org/10.1002/eat.23239
https://academic.oup.com/ajcn/article-abstract/40/4/808/4691446
https://doi.org/10.1093/aje/kwh058
https://www.ncbi.nlm.nih.gov/pubmed/14769646
https://doi.org/10.1093/ageing/afy169
http://diabetesjournals.org/care/article-pdf/19/10/1138/444443/19-10-1138.pdf
https://doi.org/10.1200/JCO.2017.75.7526
https://doi.org/10.1111/jgs.14722
https://doi.org/10.1186/s12877-023-04327-w
https://www.ncbi.nlm.nih.gov/pubmed/37752447
https://doi.org/10.1016/j.metabol.2023.155639
https://www.ncbi.nlm.nih.gov/pubmed/37380015
https://doi.org/10.3389/fendo.2023.1185221
https://www.ncbi.nlm.nih.gov/pubmed/37455897

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Multidimensional Residential Program Interventions 
	Nutritional Intervention 
	Physical Activity 
	Psychological Support 

	Measured Outcomes 
	Anthropometric Assessment 
	Body Composition via Dual-Energy X-Ray Absorptiometry (DXA) 
	Physical Performance 
	Biochemical Parameters 

	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Limitations 
	Future Clinical Application 

	Conclusions 
	References

