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Abstract: Background/Objectives: Exercise and nutrition may be useful strategies in dy-
napenic and sarcopenic obesity management, but the identification of treatment modalities
aimed at improving this condition is still lacking. We compared the effect of a five-month
hypocaloric diet plus resistance training (RT) with and without essential amino acids (EAAs)
on body composition, physical performance, and muscle strength among older adults with
dynapenic obesity (DO). Methods: Older individuals (n = 48) with DO [(BMI ≥ 30 kg/m2

and/or high waist circumference and low handgrip strength (HGS)] were randomized
into two double-blind groups (RT without EAAs vs. RT+EAAs). All participants followed
a hypocaloric diet (1 g of proteins/kg spread over three meals) and RT for five months.
Pre- and post-intervention assessments included the body composition (DXA), Short Phys-
ical Performance Battery (SPPB), HGS, one-repetition maximum (1-RM), and maximal
isometric torque with an isokinetic dynamometer. Results: Both groups reduced body
mass (RT: −4.66 kg; RT+EAAs: −4.02 kg), waist circumference (RT: −4.66 cm; RT+EAAs:
−2.2 cm), total fat mass (RT: −3.81 kg; RT+EAAs: −3.72 kg), and compartmental fat mass
with no between-group differences. Both groups improved 1-RM strength (33–47%), iso-
metric torque for body mass (RT: 14.5%; RT+EAAs: 10.6%), and functional performance
(chair stand (RT: −3.24 s; RT+EAAs: −1.5 s) and HGS (RT: −2.7 kg; RT+EAAs: 2.9 kg))
with no between-group differences. Conclusions: A moderate hypocaloric diet combined
with RT improves body composition and physical function in DO participants, but EAA
supplementation did not provide additional benefits.

Keywords: dynapenia; obesity; resistance training; supplementation; peak torque

1. Introduction
Recently, the concept of “dynapenic obesity” (DO), defined as the coexistence of low

muscle strength and obesity, has been introduced [1,2].
The criteria for its definition, including low handgrip strength (HGS) and high body

mass index (BMI) and/or high waist circumference, are mentioned in the review of the
definitions and diagnostic criteria for sarcopenic and dynapenic obesity of the European
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Society for Clinical Nutrition and Metabolism (ESPEN) and the European Association for
the Study of Obesity (EASO) [3,4]. However, a univocal and standardized definition for
DO has not yet been achieved.

DO is associated with functional decline and is related to important unfavorable health
outcomes such as the risk of worsening disability, hospitalization, and mortality in older
adults [5–7], showing a greater risk for DO, in comparison with participants presenting
dynapenia or obesity alone.

Only a few studies have focused on the effect of exercise and nutritional programs
in participants with DO. They generally include relatively short interventions that typi-
cally last no longer than 12 to 16 weeks, mainly involving females, and show conflicting
results [8–11]. To the best of our knowledge, previous studies in participants with DO have
not examined how different interventions affect isometric strength, which is crucial for
understanding the best strategies to counteract age-related muscle strength changes [12].

Moreover, there is a lack of studies testing the effect of amino acid supplementation
in older adults with DO. Nutritional supplements may be important to avoid muscle
loss associated with hypocaloric diets that reduce muscle protein synthesis and increase
proteolysis. The optimal prescription of the amount of protein in the diet or the type
of protein supplementation (essential amino acids (EAAs), branched chain amino acids
(BCAs), or whey proteins) has not been characterized yet for DO [13]. In particular, EAA
supplementation may be beneficial in older individuals with obesity, increasing amino
acid availability for muscle protein synthesis and counteracting increased splanchnic
extraction [14]. However, it is unknown if adding EAAs to a hypocaloric diet rich in protein
may be beneficial in older adults with DO.

Therefore, this study aims to investigate the effects of a five-month hypocaloric diet
that includes 1 g of proteins per kg spread in three main meals, combined with resistance
training (RT) alone or associated with EAA supplementation, on anthropometric measure-
ments, body composition, isometric maximal strength in both upper and lower limbs, and
physical performance in older men and women with DO. Our hypothesis is that combining
RT with EAAs could lead to further improvements in body composition, muscle function,
and physical performance in older adults with DO. The primary outcome was the change
from baseline in maximal isometric lower limb strength, evaluated using an isokinetic
dynamometer over 5 months.

2. Materials and Methods
2.1. Study Design and Population

In this double-blind randomized controlled trial, a group of older men and women
residing in Verona, Italy, was selected from patients of the Nutritional Clinic of Borgo Trento
Hospital between March 2020 and February 2022. Inclusion criteria for the study required
participants to meet the following conditions: (1) men and women aged between 60 and
80 years; (2) body mass index (BMI) of ≥30 kg/m2 and/or waist circumference ≥88 cm
in women and ≥102 cm in males [15,16]; (3) the participants exhibited dynapenia based
on HGS adjusted for the body weight ≤50th percentile from the NHANES population
according to the sex- and age-specific cut-offs [4,17]; (4) participants resided in Verona
(Italy) and (5) maintained stable weight in the previous 2 months; (6) they were previously
sedentary (less than one hour of exercise per week in the last 6 months); and (7) they signed
the informed consent for participation in the study.

Participants with the following specified conditions were excluded from the study:
unstable angina or recent heart attacks, irregular or dangerous heart rhythms, heart failure
beyond NYHA class II, severe respiratory failure, severe heart valve diseases like severe aor-
tic stenosis, abdominal/thoracic aneurysms, recent intracerebral or subdural hemorrhages,
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poorly controlled high blood pressure, pacemakers or metal prostheses, severe chronic kid-
ney failure, symptomatic musculoskeletal disorders, disk herniation, joint arthritis, acute
joint injuries, recent hip/knee replacements (within the last six months), joint instability,
large inguinal/abdominal hernias, acute retinal detachment/bleeding, recent eye surgery
(laser, cataract, retinal, glaucoma), history of cancer (past 5 years), dementia diagnoses, and
eating disorders. The Ethical Committee of the University of Verona approved the study
with Protocol Record Number 1956CESC (Approval date: 28 November 2018) and it was
registered at ClinicalTrials.gov with Identifier NCT05938205, submitted on 21 February
2020. Written informed consent was obtained from the patients to publish this paper.

Forty-eight participants were randomly allocated by the supervisors (APR and EZ)
to one of the two groups and stratified according to sex in order to ensure equal gender
representation across study groups and followed for 5 months. The five-month length of the
nutritional and physical exercise intervention was established based on previous published
data of clinical trials conducted in sarcopenic obese patients [18]. Fourteen participants
were lost at follow-up. Therefore, the final analysis was performed on 34 participants with
DO (17 women and 17 men). The complete flow chart of our study is presented in Figure 1.
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Figure 1. Flow chart of intervention.

2.2. Anthropometric and Body Composition Assessment

With the participants wearing light indoor clothes and no shoes, body weight was
measured to the nearest 0.1 kg (Salus scale, Milan, Italy) and height to the nearest 0.5 cm
using a stadiometer (Salus stadiometer, Milan, Italy) as described elsewhere [19]. The BMI
was calculated as weight (kg) divided by height (m) squared [19]. Each measurement was
taken once. Waist circumference was obtained with a measuring tape as the minimum
circumference between the xyphoid process and the umbilicus [19]. To ensure accuracy,
waist circumference was measured three times for each participant, and the average of
these measurements was used for the analysis.

For a comprehensive evaluation of total and regional body composition, including lean
mass and body fat, we utilized dual-energy X-ray absorptiometry (DXA) and a full-body
scan (QDR Horizon W, Hologic, MA, USA; Fan-Bean Technology, ver. 12.4.2) following
the manufacturer’s recommended procedure. To further refine our analysis, we computed
appendicular lean mass (ALM), which is the sum of lean mass in the arms and legs [20],
and ALM normalized to BMI (ALM/BMI).

ClinicalTrials.gov
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2.3. 1-RM Assessment

Before the commencement of the training intervention, participants underwent three
familiarization sessions aimed at acquainting them with resistance isotonic machines. Dur-
ing this period, correct lifting techniques and appropriate breathing methods were provided
and practiced using both submaximal and near-maximal loads. After this familiarization
phase, one-repetition maximum (1-RM) was assessed in each participant and the evalua-
tions were conducted at baseline, before each month’s initial training session, and after a
5-month intervention period.

The 1-RM evaluation protocol involved a ten-minute full-body warm-up phase, fol-
lowed by eight repetitions with a light load, which was intended to serve as a specific
warm-up. Subsequently, the load was progressively increased until the participant reached
failure after completing 3–6 repetitions. This range of repetitions was appropriate for
individuals lacking prior strength training experience [21,22]. Emphasis was placed on
adhering to a proper lifting technique, devoid of compensatory movements or assistance.
The Brzycki formula [23] was employed to estimate 1-RM based on the outcomes of the
strength testing. For each participant, the heaviest successful lift was determined following
a maximum of five attempts, with 2 min rest intervals implemented to facilitate recovery.

The initial estimated 1-RM was determined for six distinct exercises: a chest press,
leg press, lat machine, triceps pushdown, leg extension, and vertical traction machine.
Estimated 1-RM values were tracked monthly for chest press, leg press, and lat machine
exercises. Importantly, the updated 1-RM values obtained at the beginning of each month
were used to reprogram the training loads. This approach ensured that the weight in-
crements (from 75% to 80%) were adjusted based on participants’ progress rather than
the baseline 1-RM values. However, for the triceps pushdown, leg extension, and ver-
tical traction machine exercises, the 1-RM values were adjusted based on the baseline
1-RM value.

2.4. Handgrip Strength and Physical Performance Assessments

Upper body strength was evaluated by using a handgrip dynamometer (CAMRY,
Digital Hand Dynamometer model: EH101, South El Monte, CA, USA). Participants
underwent a five-minute familiarization period before the actual assessment. The HGS was
recorded while the individual stood upright with their arm, forearm, and wrist maintained
in a neutral alignment [24]. Participants were instructed to exert maximal handgrip pressure
for 5 s. Three attempts were made using the dominant arm, each separated by a 1 min rest
interval. The best trial regarding absolute HGS (measured in kilograms) and adjusted by
body weight was selected for the subsequent statistical analysis [17].

Physical performance of the lower extremities was assessed using the Short Physical
Performance Battery (SPPB) test, including gait speed, a chair stand repeated 5 times, and
balance tests [25]. For each administered test, an experimenter employed a stopwatch to
measure the time taken, who then assigned a score ranging from 0 to 4 points based on
recommended cut-off values [26]. This cumulative process resulted in a potential total of
12 points as the maximum attainable score.

2.5. Knee Extensor Muscle Torque Measurements and Analysis

The knee extensors’ maximal isometric torque was assessed at baseline and at
the 5-month follow-up using the CMSi Cybex Humac Norm Dynamometer (Lumex,
Ronkonkoma, NY, USA). After a familiarization period, three maximal isometric trials
were conducted at four different knee angles, 30◦, 60◦, 75◦, and 90◦, with a 60 s recovery
between each trial. The highest isometric peak recorded at each tested angle was used for
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the subsequent analysis. Additionally, the maximal torque (Tmax) and optimal angle were
calculated as previously reported [27].

2.6. Nutritional Intervention

Participants adhered to a moderately low-energy diet with the goal of a 5% reduction
in initial body weight at the end of the study. A 24 h dietary recall interview to assess
the dietary habits of each subject was performed by a trained dietician and analyzed with
specific software, at the beginning of the study. Nutritional intervention was tailored for
each participant, providing a diet of 500 kcal below their resting energy expenditure, as
determined by the Mifflin–St. Jeor formula and adjusted by a physical activity level of
1.4 [28]. Nutritional recommendations were provided to each participant to ensure 1 g
of proteins per kilogram of body weight with a diet composed of 60–50% carbohydrates,
25% fat, 15–25% of protein, and 20 g of dietary fiber. These provisions were spread across
three main meals and two snacks. As this was not a controlled feeding study, participants
did maintain some autonomy over their diet but were monitored and counseled by the
dietician that every month checked for dietary compliance.

During the treatments, 2 patients for each arm of the study (8%) dropped out for
low compliance to nutritional recommendations, with an overall high adherence to the
nutritional program in the entire study (92%). Moreover, patients with weight loss at the end
of the study lower than 3% were excluded from the final analysis. We decided to exclude
them from the final analysis because those subjects were not adherent to the prescribed
hypocaloric diet. Low levels of weight loss, such as a 0–2% reduction in body weight, can
lead to small improvements in health outcomes (particularly physical performance and
muscle strength) that may not reach statistical significance, particularly in small studies [29].

2.7. Supplements (Amino Acids or Placebo)

Participants were randomly assigned to one of two double-blind groups: one group
received an isocaloric product containing maltodextrins (placebo), while the other group
received 8 g/day of EAAs (as suggested in the instructions of the commercially available
product) (2 packages of 4 g of EAAs distributed as follows: L-Leucine, 1.25 g; L-Lysine,
0.650 g; L-Isoleucine, 0.625 g; L-Valine, 0.625 g; L-Threonine, 0.350 g; L-Cysteine, 0.150 g;
L-Histidine, 0.150 g; L-Phenylalanine, 0.100 g; L-Methionine, 0.050 g; L-Tyrosine, 0.030 g;
and L-Tryptophan, 0.020 g; Amino-Ther, Professional Dietetics, Milan, Italy). We used the
dosage of the commercially available supplement, based on positive results obtained in
previous studies even if conducted in different populations (i.e., patients with malnutrition,
sarcopenia, etc.). Participants were instructed to consume one packet of amino acids (or
placebo) in the morning and another in the afternoon, dissolved in half a glass of water,
away from meals. On days of exercise, participants ingested the supplement (amino acids
or placebo) an hour before the commencement of the training session [30]. Adherence to the
supplementation (either to placebo or amino acids) was checked weekly before the exercise
session by an exercise physiologist blinded to the randomization, who received the empty
boxes of the supplements, checking for the patient’s compliance with the supplementation
and eventual side effects. Side effects rarely consisted in gastrointestinal discomfort that
passed over time, ingesting the supplementation after a light snack, and being already
present in the nutritional program of the obese patient, and only 1 patient exited the study
for low adherence to EAA supplementation (Figure 1). In the placebo + RT group, only
1 patient dropped out of the study because of poor glycemic control (Figure 1, health reason
for 1 out of 2 patients).
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2.8. Progressive Resistance Training Protocol

All participants were engaged in a progressive RT regimen lasting five months, with
sessions conducted three times a week, each lasting for an hour under the supervision of a
certified exercise physiologist. All participants followed a uniform RT protocol performed
at the Sport and Exercise Sciences facility at the University of Verona, specifically within the
Department of Neurosciences, Biomedicine, and Movement Sciences. The training program
began with three sets of 8 repetitions during the first two weeks of each month, progressing
to 10 repetitions during the third and fourth weeks, performed at 70% of their one-repetition
maximum (1-RM) in the first month. Subsequently, the intensity progressively increased to
75% of 1-RM during the second and third months, followed by a sustained intensity of 80%
1-RM for the remainder of the intervention period.

Each training session comprised a 10 min warm-up phase encompassing aerobic
activities, mobility exercises, and balance drills. The central phase, lasting 40 min, included
six isotonic machine-based exercises targeting both upper and lower body muscle groups.
These exercises included the leg press, leg extension, lat machine, chest press, triceps
pushdown, and vertical traction, with approximately 6–7 min allocated to each, including
both execution time and rest intervals. In addition, body weight exercises and elastic
band exercises were incorporated into some sessions to complement the isotonic machine
exercises, offering variety and targeting stabilizing muscle groups. Participants were
instructed to execute both concentric and eccentric phases of each exercise within 2–3 s,
with rest intervals of 1–2 min between sets. No participants experienced adverse events
associated with the resistance training intervention.

Adherence to the regimen, quantified by the number of completed exercise sessions,
was closely monitored individually. To be considered for the analysis, participants were
required to attain an attendance rate exceeding 70% by the end of the intervention.

2.9. Statistical Analysis

All statistical analyses were conducted using IBM SPSS software version 28 (Chicago,
IL, USA). For a randomized trial with a superiority analysis, we estimated that a sample
size of 23 participants per group, which allowed for 20% dropout, would provide >80%
power to detect a difference between groups in the chair-rising test, assuming a mean
between-group difference of 1.78, with a pooled SD of 1 at an α level of 5%. We considered
2.6 s as the margin of clinically relevant difference in the chair-rising test, as demonstrated
in a population-based study of community-dwelling elderly individuals over a 3-year
follow-up period [31].

Data are reported as the mean ± 95% confidence interval unless otherwise indicated.
The sample size, while sufficient to assess the primary outcomes, limited our ability to
conduct robust subgroup analyses without risking statistical power loss and interpretability
of results and for this reason, we chose not to stratify the results by age and sex. Baseline
characteristics among the two groups were compared using one-way ANOVA and chi-
square tests. Normal distribution (assessed via Shapiro–Wilk’s test), homogeneity of
variances (assessed by Levene’s test), and sphericity (checked using Mauchly’s test) were
verified for all variables (p > 0.05). Paired t-tests were utilized for intragroup change
examination. To assess differences between groups in anthropometric measurements, body
composition, muscle strength, and overall physical performance outcomes, an analysis
of covariance (ANCOVA) was employed, with baseline values as covariates. Post hoc
pairwise comparisons were conducted using the Bonferroni method.

A two-way ANOVA for repeated measures was applied to identify interactions be-
tween time and groups in order to evaluate 1-RM. In cases of significant main effects or
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interactions, the Bonferroni post hoc test was employed. The significance threshold was set
at p ≤ 0.05.

3. Results
3.1. Characteristics of Participants and Training Compliance

The anthropometric and clinical characteristics of participants in the two intervention
groups, RT and RT+EAAs, are presented in Table 1. No significant differences were
observed in the two groups at baseline (p > 0.05). In particular, sex and the prevalence
of sarcopenia were similarly distributed between the two groups. No difference in the
prevalence of diabetes and hypertension was also observed.

Table 1. Baseline characteristics of participants.

Outcomes RT (n = 16) RT+EAAs (n = 18) p Value

Men (n, %) 8 (50.0%) 9 (50.0%) 1.000
Overweight (n, %) 4 (25.0%) 5 (27.7%) 1.000

Age (years) 65.75 ± 3.94 66.67 ± 3.85 0.932
Height (m) 1.67 ± 0.08 1.66 ± 0.07 0.983

BMI (kg/m2) 33.09 ± 4.07 32.37 ± 3.72 0.441
Waist circumference (cm) 109.5 ± 11.04 105.83 ± 9.45 0.305

Comorbidities
Diabetes mellitus (n, %) 2 (12.5%) 2 (11.1%) 1.000

Hypertension (n, %) 11 (68.8%) 9 (50.0%) 0.315
Myocardial infarction (n, %) 1 (6.3%) 1 (5.6%) 1.000
Hypercholesterolemia (n, %) 9 (56.3%) 6 (33.3%) 0.300

Sarcopenia
Prevalence (n, %) 5 (31.3%) 10 (55.6%) 0.185

Participants who completed the intervention showed a high adherence with an average
attendance rate of 86% (RT: 85.9 ± 8.9%, 95%CI [81.6–90.3]; RT+EAAs: 85.5 ± 9.1%, 95%CI
[81.3–89.7]), with no differences between the two groups (p = 0.879, in tables).

3.2. Changes in Anthropometric, Body Composition, and Functional Tests

No differences were found in anthropometric, body composition, and functional tests
between the two groups at baseline (Table 1).

After the 5-month intervention, the ANCOVA showed no significant differences
between interventions for the examined variables (Table 2). In particular, compared to
baseline, both groups reduced body weight, BMI, waist circumference, and arm and leg fat
mass (p < 0.05). Conversely, lean mass showed a slight non-significant decrease in the RT
group and was preserved in the RT+EAA group; no changes were observed in ALM, whilst
ALM/BMI improved in both groups. Only two participants transitioned from dynapenic
to non-dynapenic obesity (one in each group). Sarcopenic obesity decreased from 31.3% to
25% in the RT group and from 55.6% to 50% in the RT+EAA group, resulting in an overall
reduction of 5.5 percentage points.

Regarding the functional tests, both groups improved in the chair stand, the SPPB
total score, and the HGS, even after adjustment for body weight (p < 0.05). Specifically,
13 participants (38%) transitioned from being dynapenic at baseline to non-dynapenic
post-intervention, with a higher prevalence observed in the RT+EAA group (44%) com-
pared to the RT group (31%). No between-group effect was observed in the changes in
considered variables.
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Table 2. Anthropometric, body composition, and clinical tests and functional tests after 5 months of intervention.

All Groups RT (n = 16) Within-Group
PRE vs. POST RT+EAAs (n = 18) Within-Group

PRE vs. POST
Between-Group

PRE
Between-Group
PRE vs. POST

Outcome Baseline Mean Change (95% CI) p Value Baseline Mean Change (95% CI) p Value p Value p Value

BW (kg) 91.98 ± 13.6 −4.66 (−6.06 to −3.25) <0.001 88.89 ± 12.57 −4.01 (−5.69 to −2.43) <0.001 0.824 0.748
BMI (kg/m2) 33.09 ± 4.07 −1.71 (−2.25 to −1.16) <0.001 32.37 ± 3.72 −1.48 (−2–04 to −0.92) <0.001 0.441 0.699

WC (cm) 109.5 ± 11.04 −4.62 (−6.93 to −2.31) 0.001 105.83 ± 9.45 −2.25 (−4.36 to −0.13) 0.039 0.305 0.117
Arm fat (kg) 4.63 ± 1.78 −0.30 (−0.53 to 0.06) 0.017 4.83 ± 1.63 −0.57 (−0.83 to −0.31) <0.001 0.914 0.126
Leg fat (kg) 10.10 ± 2.46 −0.93 (−1.1 to −0.1) <0.001 10.68 ± 3.73 −0.18 (−1.66 to −0.71) <0.001 0.148 0.515

Arm lean mass (kg) 4.60 ± 1.59 −0.06 (0.12 to 0.23) 0.480 5.28 ± 1.65 0,03 (0.09 to 0.15) 0.631 0.596 0.144
Leg lean mass (kg) 16.28 ± 3.12 −0.07 (−0.57 to 0.43) 0.770 15.48 ± 3.51 0.19 (−0.65 to 0.28) 0.406 0.181 0.601
Tot lean mass (kg) 52.15 ± 9.77 −0.49 (−1.33 to 0.35) 0.236 48.54 ± 9.53 −0.02 (−1.11 to 1.07) 0.972 0.545 0.611
Tot fat mass (kg) 36.11 ± 8.40 −3.81 (−4.80 to −2.82.8) <0.001 37.05 ± 9.02 −3.72 (−5.23 to −2.20) <0.001 0.770 0.820

Fat mass (%) 39.74 ± 7.50 −2.54 (−3.47 to −1.62) <0.001 42.14 ± 7.98 −2.46 (−3.45 to −1.47) <0.001 0.563 0.854
ALM (kg) 21.88 ± 4.64 0.01 (−0.59 to 0.56) 0.970 20.76 ± 5.10 0.16 (−0.68 to 0.36) 0.528 0.267 0.570
ALM/BMI 0.67 ± 0.15 0.14 (0.09 to 0.19) <0.001 0.65 ± 0.17 0.03 (0.01 to 0.04) 0.008 0.531 0.382

Gait speed (s) 3.80 ± 1.13 −0.26 (−0.61 to 0.10) 0.141 3.60 ± 0.88 −0.12 (−0.56 to 0.31) 0.554 0.377 0.908
Chair stand (s) 12.50 ± 3.03 −3.24 (−4.56 to −1.93) <0.001 10.32 ± 1.96 −1.46 (−2.10 to 0.82) <0.001 0.173 0.270
SPPB (score) 10.94 ± 1.00 0.75 (0.29 to 1.21) 0.003 11.39 ± 0.78 0.39 (0.16 to 1.04) 0.030 0.321 0.528

Peak HGS (kg) 32.46 ± 8.20 2.67 (1.13 to 4.21) 0.002 33.66 ± 8.35 2.85 (0.16 to 5.54) 0.039 0.697 0.993
Peak HGS/BW

(kg/kg) 0.35 ± 0.08 0.14 (0.04 to 0.24) <0.001 0.38 ± 0.07 0.38 (0.04 to 0.24) 0.004 0.882 0.953

Abbreviations—BW: Body Weight; BMI: Body Mass Index; WC: Waist Circumference; FM: Fat Mass; LM: Lean Mass; GS: Gait Speed; SPPB: Short Physical Performance Battery;
HGS: Handgrip Strength; RT: Resistance Training; EAAs: Essential Amino Acids.
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3.3. Changes in 1-RM in the Isotonic Machines

Figure 2 illustrates the monthly improvements on isotonic machines tested before each
training session. There was no significant interaction between the two intervention groups
for the lat machine (panel A), chest press (panel B), and leg press (panel C). However, in
both groups, the main effect of time showed a statistically significant improvement in the
performance on all three tested isotonic machines (all p < 0.001).
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Figure 2. Changes over time in the estimated one-repetition maximum test. Figure Legend:
The lat machine (panel A), chest press (panel B), and leg press (panel C) are presented in the
RT (#) and RT+EAA (▲) groups. *** p < 0.001 indicates a significant difference compared
with baseline. ** p < 0.01 Abbreviations—RT: Resistance Training; EAA: Essential Amino Acid;
1-RM: One-Repetition Maximum.
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In comparison to baseline, similar improvements were observed in both groups on
the lat machine (RT: 34% and RT+EAAs: 33%, all p < 0.001), chest press (RT: 41% and
RT+EAAs: 40%, all p < 0.001), and leg press (RT: 47%, p < 0.001 and RT+ EAAs: 47%, all
p < 0.001).

3.4. Changes in Knee Extensor Isometric Torque at Different Angles

The torque–angle relationship of the knee extensors after the intervention is shown in
Figure 3. After the 5-month intervention, the ANCOVA showed no differences between
groups (Table 3). Compared to baseline, Tmax expressed in absolute units increased only in
the RT group (8.5%), while Tmax normalized for body mass increased in RT and RT+EAA
groups (14.5% and 10.6%, respectively), whereas at the different knee angles, both groups
similarly increased the torque normalized for body weight (p < 0.05).
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Figure 3. Changes in the knee extensor torque–angle relationship. Figure Legend: Pre- (black
line) and post- (gray line) isometric knee extensor torque at different knee angles for the RT group
(panels A,C, circles) and the RT+EAA group (panels B,D, triangles). The values are expressed in
absolute units (panels A,B) and normalized for body mass (panels C,D). * p < 0.05, ** p < 0.01, and
*** p < 0.001 indicate a significant difference compared to baseline.
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Table 3. Maximal isometric torque at different knee angles after five months of intervention.

All Groups RT (n = 16) Within-Group
PRE vs. POST RT+EAAs (n = 18) Within-Group

PRE vs. POST
Between-Group

PRE
Between-Group
PRE vs. POST

Outcome Baseline Mean Change
(95% CI) p Value Baseline Mean Change

(95% CI) p Value p Value p Value

Optimal angle (◦) 67.06 ± 7.13 −1.13 0.712 64.71 ± 8.59 1.62 0.435 0.472 0.741
(−7.57 to 5.31) (−2.66 to 5.91)

Tmax (Nm) 178.14 ± 59.52 15.22 0.007 166.82 ± 44.00 10.41 0.171 0.530 0.532
(4.87 to 25.57) (−4.96 to 25.79)

Tmax/kg (Nm/kg) 1.93 ± 0.54 0.28 <0.001 1.88 ± 0.43 0.20 0.027 0.752 0.420
(0.16 to 0.40) (0.03 to 0.38)

30 MVC (Nm) 114.5 ± 34.72 11.06 0.173 108.78 ± 24.04 8.33 0.090 0.577 0.790
(−5.42 to 27.54) (−1.45 to 18.11)

30 MVC/kg (Nm/kg) 1.24 ± 0.30 0.18 0.044 1.23 ± 0.26 0.15 0.017 0.922 0.713
(0.01 to 0.36) (0.03 to 0.26)

60 MVC (Nm) 173.44 ± 56.73 14.13 0.065 161.94 ± 39.68 10.56 0.211 0.495 0.694
(−0.96 to 29.21) (−6.57 to 27.68)

60 MVC/kg (Nm/kg) 1.88 ± 0.49 0.26 0.007 1.82 ± 0.38 0.20 0.046 0.713 0.581
(0.08 to 0.43) (0.00 to 0.40)

75 MVC (Nm) 173.94 ± 61.70 8.88 0.123 162.83 ± 50.87 12,44 0.096 0.569 0.903
(−2.70 to 20.45) (−2.48 to 27.36)

75 MVC/kg (Nm/kg) 1.89 ± 0.60 0.21 0.006 1.83 ± 0.52 0.23 0.011 0.770 0.988
(0.07 to 0.35) (0.06 to 0.40)

90 MVC (Nm) 148.31 ± 48.25 5.56 0.185 134.44 ± 37.24 9.67 0.143 0.352 0.950
(−2.96 to 14.09) (−3.60 to 22.93)

90 MVC/kg (Nm/kg) 1.61 ± 0.45 0.16 0.001 1.51 ± 0.37 0.18 0.014 0.503 0.957
(0.98 to 0.25) (0.04 to 0.32)

Abbreviations—MVC: Maximal Voluntary Contraction; BM: Body Mass; Tmax: Maximal Torque at Knee Angle; RT: Resistance Training; EAAs: Essential Amino Acids.
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4. Discussion
Our study shows that a moderate hypocaloric diet, providing 1 g of proteins per

kg spread across three main meals, combined with RT, determines body weight and fat
mass loss with fat-free mass preservation as well as significant functional improvement in
older adults with DO. At this dose, and in this population, amino acid supplementation,
along with a balanced hypocaloric diet providing 1 g of proteins per kg and RT, did
not show any additional effect on body composition, physical performance, and muscle
strength in participants with DO. These results may indicate that the amount of EAAs
prescribed might not induce further response in muscle protein synthesis, as compared
with a balanced hypocaloric diet, with 1 g of proteins per kg of body weight, and RT alone
in DO older adults.

Unfortunately, there is a lack of studies testing the effect of amino acid supplementation
with or without physical exercise, in particular in older adults with DO. Only a few studies
were previously conducted in sarcopenic adults with obesity, with shorter lengths of
intervention and similar-to-lower content of EAAs associated or not with other supplements
and physical exercise compared to our study [32–34]. These studies did not show greater
effects of nutritional supplementation on body composition than exercise plus a hypocaloric
diet rich in protein alone, at least in older adults with sarcopenic obesity [32–34]. Moreover,
the lack of differences observed in our study in the two weight loss groups even with
a relatively larger amount of EAA supplementation (i.e., eight grams of amino acids)
supports the futility of any EAA supplementation when patients have correct amounts of
proteins in their hypocaloric diet combined with RT, which is in line with the Statement of
the American Society for Nutrition and Obesity [35].

In our study, an improvement in the chair stand test, SPPB, and peak HGS in the
two weight loss groups was also observed. These results are in line with previous studies
and meta-analyses [8,32,36,37] but in contrast with Vasconcellos et al., who evaluated the
impact of 10 weeks of RT on muscle strength and physical performance in women with
handgrip ≤ 21 kg, finding no changes in SPPB or muscle strength [9]. The discrepancies
in results can likely be attributed to differences in the type of intervention, duration, and
intensity of the resistance exercise program, and the characteristics of the study populations.
For instance, Vasconcellos et al. [9] investigated a group of 28 women with obesity aged
65 to 80 years old, using dynapenia cut-offs that differed from those in our study, as theirs
were not normalized for BMI. Moreover, their intervention consisted solely of a 10-week
resistance exercise program [9], which was shorter than ours (10 weeks with twice-weekly
sessions) and conducted at a lower intensity (40–60% vs. 70–80% of 1-RM). Unlike our
study, their intervention did not include a nutritional program, which may further explain
the observed differences.

In parallel with the pattern observed for physical performance, HGS exhibited im-
provement post-intervention in both groups, with no significant distinctions between
treatments. HGS is the most commonly employed metric for assessing muscle strength [38].
In parallel with the pattern observed for physical performance, HGS exhibited significant
improvement post-intervention in both groups, with no discernible distinctions between
the treatment groups. This suggests that RT, with or without EAA supplementation, is
effective in improving muscle strength in older adults with dynapenic obesity. Interestingly,
approximately 38% of participants transitioned from being dynapenic to non-dynapenic
following the intervention. This aligns with previous findings that RT improves HGS in
older adults, as also reported by Hsu et al. in their meta-analysis [39]. Importantly, the
gradual progression in training intensity, starting at 70% 1-RM and advancing to 80%, may
have facilitated these improvements without adverse events.
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Interestingly, upper and lower body strength, as measured by monthly 1-RM assess-
ments, exhibited similar gains in both study groups. In a meta-analysis involving healthy
older adults [40], there was a collective improvement in 1-RM for lower limbs, favoring
individuals who received both protein supplementation and exercise compared to those
who underwent exercise alone. However, only limited studies with conflicting results in
populations with DO have employed 1-RM as an outcome for assessing maximal strength
gains [10,11]. Our results are in line with those of Carvalho et al., who, in a population
of men with DO, found an improvement in lower limb muscle strength, after 12 weeks
of mixed power training without a weight loss program [11]. Their 1-RM protocol used
incremental loads to determine the maximum weight that could be lifted once, differing
slightly from our Brzycki-based estimation method. Similarly, the MONET study, involv-
ing 31 postmenopausal women with DO with a 6-month follow-up, showed an additive
beneficial effect of RT combined with caloric restriction on muscle strength, as evaluated
with the leg press [10].

Nabuco et al., in a population of patients with DO, found no differences in chest press
and leg extension 1-RM between groups receiving exercise plus whey protein supplements
and those receiving only exercise, finding lower improvements in 1-RM as compared to
our study [34]. Their method directly measured the 1-RM as the heaviest successful lift,
contrasting with our submaximal effort estimation approach, which may partly explain
the differences. Furthermore, neither group in Nabuco’s study underwent a weight loss
program, which may have influenced the observed results.

To the best of our knowledge, this is the first study to examine the torque–angle
profile in participants with DO. Both groups showed significant improvements in maximal
knee extensor torque–angle relationships after adjusting for body weight, though not in
absolute terms. These findings align with Sénécal et al., who reported no gains in leg
maximum isometric strength of knee extensors after a 12-week RT intervention in women
with DO [8]. The lack of strength improvements may be due to differences between the
training modality and the isokinetic strength test. However, adjusting for body mass, a
key mobility indicator [27], revealed a 6–14.5% improvement, highlighting the relevance of
weight-adjusted strength in interventions involving weight loss.

Overall, the results of this study suggest that individuals with DO have a remarkable
capacity to adapt to prescribed exercises, and that amino acid supplementation may not
provide additional benefits compared to RT alone. Our study did not include a group
that performed only RT, and the existing literature demonstrates that RT alone can lead
to substantial benefits on muscle strength and physical performance [41,42]. Therefore,
we can only hypothesize that an intense RT regimen may be sufficient on its own to drive
significant improvements. Moreover, considering the three variables (i.e., weight loss,
protein intake, and RT), we cannot exclude the possibility that the quantity of protein
provided might also be important when combined with such intensive RT.

A recent review on the effects of nutritional supplementations in sarcopenic adults
found that administering leucine in combination with a suboptimal protein or essential
amino acids before RT is an effective strategy to counteract anabolic resistance in aged
muscle, thereby preserving or increasing muscle mass and strength [43]. Additionally, we
cannot rule out the potential benefits of a high-protein hypocaloric diet combined with RT
for older dynapenic individuals with obesity. However, to our knowledge, there are no
published data specifically addressing the effects of a high-protein diet in sarcopenic or
dynapenic obese populations. Other dietary approaches such as intermittent calorie restric-
tion, the Mediterranean diet, and high-protein diets are currently under investigation [44].
A recent literature review recommends that older adults consume higher quantities of
high-quality protein per meal (1.0–1.2 g/kg/d) or low-dose leucine-enriched proteins (at
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least 3 g/day), ideally paired with lower protein doses (10–20 g protein/day) and combined
with RT shortly after the meal for optimal benefits [45].

Finally, given the novelty of these findings (i.e., the type of exercise proposed, the
rigorously increased progression and monitoring of intensity, and the functional evaluation
employed, and the general lack of existing literature on this population), further research to
evaluate the separate effects of a hypocaloric diet, protein intake, and RT alone is necessary
to confirm and expand upon these results.

Several limitations warrant a mention. Primarily, the relatively small sample size
could determine a lower statistical power. The slow recruitment process, spanning two
years and occurring amidst COVID-19 lockdowns, posed a significant challenge. Moreover,
the high dropout rate, influenced by the pandemic and consequent low intervention
compliance, further compounded this limitation. Secondly, we were unable to evaluate
the isolated effects of RT or EAA, as the study design did not include groups receiving
only RT or only EAA. Despite these limitations, our study is strengthened by the use of a
randomized controlled design to examine the effects of RT and amino acid supplementation
in a population of older men and women with DO. Moreover, in contrast with previous
intervention studies in DO, both sexes were well represented, and the study duration was
much longer, considering that most of the similar intervention studies were limited to
10 to 12 weeks and generally included postmenopausal women only. Lastly, advanced
and validated techniques were used to measure isotonic and isometric strength, and the
adherence to a progressive supervised RT regimen lasting five months (three times a week)
was high.

DO is easier to diagnose in clinical practice, compared with sarcopenic obesity, but
similar studies involving participants with sarcopenic obesity should be replicated in order
to test the additional effect of amino acid supplements in weight loss programs combined
with RT in this population.

5. Conclusions
A moderate hypocaloric diet, including 1 g of proteins per kg spread across three

main meals, combined with RT exercise determines body weight and fat mass decreases
as well as significant functional improvement, with fat-free mass preservation in DO
participants. Amino acid supplementation does not seem to add any additional benefit for
this population.

Author Contributions: Conceptualization: M.Z., E.Z. and F.S.; Data curation: V.M., C.M., V.C. and
S.U.; Formal analysis: V.M. and A.P.R.; Funding acquisition: M.Z., E.Z. and F.S.; Methodology:
F.S., M.Z., E.Z. and V.M.; Project administration: M.Z. and E.Z.; Resources: M.Z., E.Z. and F.S.;
Supervision: A.P.R., M.Z., E.Z. and F.S.; Validation: M.Z., E.Z. and F.S.; Visualization: All the authors;
Writing—original draft: V.M. and A.P.R.; Writing—review and editing: M.Z., G.M., F.S., V.C., C.M.,
E.Z., S.U. and A.G. All authors have read and agreed to the published version of the manuscript.

Funding: This project was supported by grants from Fondazione Cariplo (2016-1006 to ZM).

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Ethics Committee of AOUI Verona (Azienda Ospedaliera
Universitaria Integrata Verona Protocol Record 1956CESC). Approval date: 28 November 2018.

Informed Consent Statement: Written informed consent was obtained from the patients to publish
this paper. Registration number of clinical trial: NCT05938205.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are not publicly available since this option was not included in the originally signed consent.
Data are, however, available from authors upon reasonable request.



Nutrients 2025, 17, 418 15 of 17

Acknowledgments: We express our gratitude to Laura Ghiotto and Toni Tatangelo for their invaluable
assistance in data collection. The manuscript was revised by Mark Newman.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations
The following abbreviations are used in this manuscript:
RT resistance training
EAA essential amino acid
DO dynapenic obesity
DXA dual X-ray absorptiometry
1-RM one-repetition maximum
SPPB short physical performance battery
HGS handgrip strength
ALM appendicular lean mass
BMI body mass index
T-max maximal torque
ANCOVA analysis of covariance
ANOVA analysis of variance

References
1. Clark, B.C.; Manini, T.M. Functional consequences of sarcopenia and dynapenia in the elderly. Curr. Opin. Clin. Nutr. Metab. Care

2010, 13, 271–276. [CrossRef] [PubMed]
2. Scott, D.; Sanders, K.M.; Aitken, D.; Hayes, A.; Ebeling, P.R.; Jones, G. Sarcopenic obesity and dynapenic obesity: 5-year

associations with falls risk in middle-aged and older adults. Obesity 2014, 22, 1568–1574. [CrossRef] [PubMed]
3. Donini, L.M.; Busetto, L.; Bauer, J.M.; Bischoff, S.; Boirie, Y.; Cederholm, T.; Cruz-Jentoft, A.J.; Dicker, D.; Frühbeck, G.; Giustina,

A.; et al. Critical appraisal of definitions and diagnostic criteria for sarcopenic obesity based on a systematic review. Clin. Nutr.
2020, 39, 2368–2388. [CrossRef]

4. 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. Obes. Facts
2022, 15, 321–335. [CrossRef]

5. Rossi, A.P.; Fantin, F.; Caliari, C.; Zoico, E.; Mazzali, G.; Zanardo, M.; Bertassello, P.; Zanandrea, V.; Micciolo, R.; Zamboni, M.
Dynapenic abdominal obesity as predictor of mortality and disability worsening in older adults: A 10-year prospective study.
Clin. Nutr. 2016, 35, 199–204. [CrossRef]

6. Rossi, A.P.; Bianchi, L.; Volpato, S.; Bandinelli, S.; Guralnik, J.; Zamboni, M.; Ferrucci, L. Dynapenic Abdominal Obesity as a
Predictor of Worsening Disability, Hospitalization, and Mortality in Older Adults: Results from the InCHIANTI Study. J. Gerontol.
A Biol. Sci. Med. Sci. 2017, 72, 1098–1104. [CrossRef]

7. Rossi, A.P.; Urbani, S.; Fantin, F.; Nori, N.; Brandimarte, P.; Martini, A.; Zoico, E.; Mazzali, G.; Babbanini, A.; Muollo, V.; et al.
Worsening Disability and Hospitalization Risk in Sarcopenic Obese and Dynapenic Abdominal Obese: A 5.5 Years Follow-Up
Study in Elderly Men and Women. Front. Endocrinol. 2020, 11, 314. [CrossRef]

8. Sénéchal, M.; Bouchard, D.R.; Dionne, I.J.; Brochu, M. The effects of lifestyle interventions in dynapenic-obese postmenopausal
women. Menopause 2012, 19, 1015–1021. [CrossRef]

9. Vasconcelos, K.S.S.; Dias, J.M.D.; Araújo, M.C.; Pinheiro, A.C.; Moreira, B.S.; Dias, R.C. Effects of a progressive resistance exercise
program with high-speed component on the physical function of older women with sarcopenic obesity: A randomized controlled
trial. Braz. J. Phys. Ther. 2016, 20, 432–440. [CrossRef]

10. Normandin, E.; Sénéchal, M.; Prud’homme, D.; Rabasa-Lhoret, R.; Brochu, M. Effects of Caloric Restriction with or without
Resistance Training in Dynapenic-Overweight and Obese Menopausal Women: A MONET Study. J. Frailty Aging 2015, 4, 155–162.
[CrossRef]

11. Carvalho, L.P.; Pion, C.H.; El Hajj Boutros, G.; Gaudreau, P.; Chevalier, S.; Bélanger, M.; Morais, J.A.; Aubertin-Leheudre, M.
Effect of a 12-week mixed power training on physical function in dynapenic-obese older men: Does severity of dynapenia matter?
Aging Clin. Exp. Res. 2019, 31, 977–984. [CrossRef] [PubMed]

https://doi.org/10.1097/MCO.0b013e328337819e
https://www.ncbi.nlm.nih.gov/pubmed/20154609
https://doi.org/10.1002/oby.20734
https://www.ncbi.nlm.nih.gov/pubmed/24585708
https://doi.org/10.1016/j.clnu.2019.11.024
https://doi.org/10.1159/000521241
https://doi.org/10.1016/j.clnu.2015.02.005
https://doi.org/10.1093/gerona/glw203
https://doi.org/10.3389/fendo.2020.00314
https://doi.org/10.1097/gme.0b013e318248f50f
https://doi.org/10.1590/bjpt-rbf.2014.0174
https://doi.org/10.14283/jfa.2015.54
https://doi.org/10.1007/s40520-018-1048-0
https://www.ncbi.nlm.nih.gov/pubmed/30293107


Nutrients 2025, 17, 418 16 of 17

12. Narici, M.V.; Maffulli, N. Sarcopenia: Characteristics, mechanisms and functional significance. Br. Med. Bull. 2010, 95, 139–159.
[CrossRef] [PubMed]

13. Prado, C.M.; Batsis, J.A.; Donini, L.M.; Gonzalez, M.C.; Siervo, M. Sarcopenic obesity in older adults: A clinical overview. Nat.
Rev. Endocrinol. 2024, 20, 261–277. [CrossRef] [PubMed]

14. Boirie, Y.; Gachon, P.; Beaufrère, B. Splanchnic and whole-body leucine kinetics in young and elderly men. Am. J. Clin. Nutr. 1997,
65, 489–495. [CrossRef] [PubMed]

15. Katzmarzyk, P.T.; Bray, G.A.; Greenway, F.L.; Johnson, W.D.; Newton, R.L., Jr.; Ravussin, E.; Ryan, D.H.; Bouchard, C. Ethnic-
Specific BMI and Waist Circumference Thresholds. Obesity 2011, 19, 1272–1278. [CrossRef]

16. Camhi, S.M.; Bray, G.A.; Bouchard, C.; Greenway, F.L.; Johnson, W.D.; Newton, R.L.; Ravussin, E.; Ryan, D.H.; Smith, S.R.;
Katzmarzyk, P.T. The Relationship of Waist Circumference and BMI to Visceral, Subcutaneous, and Total Body Fat: Sex and Race
Differences. Obesity 2011, 19, 402–408. [CrossRef]

17. Peterson, M.D.; Krishnan, C. Growth Charts for Muscular Strength Capacity With Quantile Regression. Am. J. Prev. Med. 2015, 49,
935–938. [CrossRef]

18. Villareal, D.T.; Aguirre, L.; Gurney, A.B.; Waters, D.L.; Sinacore, D.R.; Colombo, E.; Armamento-Villareal, R.; Qualls, C. Aerobic or
Resistance Exercise, or Both, in Dieting Obese Older Adults. N. Engl. J. Med. 2017, 376, 1943–1955. [CrossRef]

19. Rossi, A.P.; Fantin, F.; Zamboni, G.A.; Mazzali, G.; Rinaldi, C.A.; Del Giglio, M.; Di Francesco, V.; Barillari, M.; Pozzi-Mucelli, R.;
Zamboni, M. Predictors of ectopic fat accumulation in liver and pancreas in obese men and women. Obesity 2011, 19, 1747–1754.
[CrossRef]

20. Visser, M.; Fuerst, T.; Lang, T.; Salamone, L.; Harris, T.B.; For The Health; Aging, Body Composition Study Dual-Energy X-Ray
Absorptiometry; Body Composition Working Group. Validity of fan-beam dual-energy X-ray absorptiometry for measuring
fat-free mass and leg muscle mass. J. Appl. Physiol. 1999, 87, 1513–1520. [CrossRef]

21. 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] [PubMed]

22. Reeves, N.D.; Narici, M.V.; Maganaris, C.N. Effect of resistance training on skeletal muscle-specific force in elderly humans.
J. Appl. Physiol. 2004, 96, 885–892. [CrossRef] [PubMed]

23. Moro, T.; Tinsley, G.; Bianco, A.; Gottardi, A.; Gottardi, G.B.; Faggian, D.; Plebani, M.; Marcolin, G.; Paoli, A. High intensity
interval resistance training (HIIRT) in older adults: Effects on body composition, strength, anabolic hormones and blood lipids.
Exp. Gerontol. 2017, 98, 91–98. [CrossRef] [PubMed]

24. Günther, C.M.; Bürger, A.; Rickert, M.; Crispin, A.; Schulz, C.U. Grip strength in healthy caucasian adults: Reference values.
J. Hand Surg. 2008, 33, 558–565. [CrossRef]

25. Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B. A short physical
performance battery assessing lower extremity function: Association with self-reported disability and prediction of mortality and
nursing home admission. J. Gerontol. 1994, 49, M85–M94. [CrossRef]

26. Veronese, N.; Bolzetta, F.; Toffanello, E.D.; Zambon, S.; De Rui, M.; Perissinotto, E.; Coin, A.; Corti, M.C.; Baggio, G.; Crepaldi,
G.; et al. Association between short physical performance battery and falls in older people: The Progetto Veneto Anziani Study.
Rejuvenation Res. 2014, 17, 276–284. [CrossRef]

27. Muollo, V.; Rossi, A.P.; Zignoli, A.; Teso, M.; Milanese, C.; Cavedon, V.; Zamboni, M.; Schena, F.; Capelli, C.; Pogliaghi, S. Full
characterisation of knee extensors’ function in ageing: Effect of sex and obesity. Int. J. Obes. 2021, 45, 895–905. [CrossRef]

28. Mifflin, M.D.; St Jeor, S.T.; Hill, L.A.; Scott, B.J.; Daugherty, S.A.; Koh, Y.O. A new predictive equation for resting energy
expenditure in healthy individuals. Am. J. Clin. Nutr. 1990, 51, 241–247. [CrossRef]

29. Dhar, D.; Packer, J.; Michalopoulou, S.; Cruz, J.; Stansfield, C.; Viner, R.M.; Mytton, O.T.; Russell, S.J. Assessing the evidence for
health benefits of low-level weight loss: A systematic review. Int. J. Obes. 2024, 1–15. [CrossRef]

30. Aquilani, R.; Zuccarelli, G.C.; Dioguardi, F.S.; Baiardi, P.; Frustaglia, A.; Rutili, C.; Comi, E.; Catani, M.; Iadarola, P.; Viglio, S.; et al.
Effects of oral amino acid supplementation on long-term-care-acquired infections in elderly patients. Arch. Gerontol. Geriatr. 2011,
52, e123–e128. [CrossRef]

31. Gonzalez-Bautista, E.; de Souto Barreto, P.; Salinas-Rodriguez, A.; Manrique-Espinoza, B.; Rolland, Y.; Andrieu, S.; Vellas, B.;
MAPT/DSA Group. Clinically meaningful change for the chair stand test: Monitoring mobility in integrated care for older
people. J. Cachexia Sarcopenia Muscle 2022, 13, 2331–2339. [CrossRef] [PubMed]

32. Kim, H.; Kim, M.; Kojima, N.; Fujino, K.; Hosoi, E.; Kobayashi, H.; Somekawa, S.; Niki, Y.; Yamashiro, Y.; Yoshida, H. Exercise and
nutritional supplementation on community-dwelling elderly Japanese women with sarcopenic obesity: A randomized controlled
trial. J. Am. Med. Dir. Assoc. 2016, 17, 1011–1019. [CrossRef] [PubMed]

33. Maltais, M.L.; Perreault, K.; Courchesne-Loyer, A.; Lagacé, J.C.; Barsalani, R.; Dionne, I.J. Effect of resistance training and various
sources of protein supplementation on body fat mass and metabolic profile in sarcopenic overweight older adult men: A pilot
study. Int. J. Sport. Nutr. Exerc. Metab. 2016, 26, 71–77. [CrossRef]

https://doi.org/10.1093/bmb/ldq008
https://www.ncbi.nlm.nih.gov/pubmed/20200012
https://doi.org/10.1038/s41574-023-00943-z
https://www.ncbi.nlm.nih.gov/pubmed/38321142
https://doi.org/10.1093/ajcn/65.2.489
https://www.ncbi.nlm.nih.gov/pubmed/9022534
https://doi.org/10.1038/oby.2010.319
https://doi.org/10.1038/oby.2010.248
https://doi.org/10.1016/j.amepre.2015.05.013
https://doi.org/10.1056/NEJMoa1616338
https://doi.org/10.1038/oby.2011.114
https://doi.org/10.1152/jappl.1999.87.4.1513
https://doi.org/10.1093/ageing/afy169
https://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1152/japplphysiol.00688.2003
https://www.ncbi.nlm.nih.gov/pubmed/14578365
https://doi.org/10.1016/j.exger.2017.08.015
https://www.ncbi.nlm.nih.gov/pubmed/28821429
https://doi.org/10.1016/j.jhsa.2008.01.008
https://doi.org/10.1093/geronj/49.2.M85
https://doi.org/10.1089/rej.2013.1491
https://doi.org/10.1038/s41366-021-00755-z
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1038/s41366-024-01664-7
https://doi.org/10.1016/j.archger.2010.09.005
https://doi.org/10.1002/jcsm.13042
https://www.ncbi.nlm.nih.gov/pubmed/36017772
https://doi.org/10.1016/j.jamda.2016.06.016
https://www.ncbi.nlm.nih.gov/pubmed/27544583
https://doi.org/10.1123/ijsnem.2015-0160


Nutrients 2025, 17, 418 17 of 17

34. Nabuco, H.C.; Tomeleri, C.M.; Fernandes, R.R.; Junior, P.S.; Cavalcante, E.F.; Cunha, P.M.; Antunes, M.; Nunes, J.P.; Venturini, D.;
Barbosa, D.S.; et al. Effect of whey protein supplementation combined with resistance training on body composition, muscular
strength, functional capacity, and plasma-metabolism biomarkers in older women with sarcopenic obesity: A randomized,
double-blind, placebo-controlled trial. Clin. Nutr. ESPEN 2019, 32, 88–95. [CrossRef]

35. Villareal, D.T.; Apovian, C.M.; Kushner, R.F.; Klein, S. Obesity in older adults: Technical review and position statement of the
American Society for Nutrition and NAASO, The Obesity Society. Am. J. Clin. Nutr. 2005, 82, 923–934. [CrossRef]

36. Hita-Contreras, F.; Bueno-Notivol, J.; Martínez-Amat, A.; Cruz-Díaz, D.; Hernandez, A.V.; Pérez-López, F.R. Effect of exercise
alone or combined with dietary supplements on anthropometric and physical performance measures in community-dwelling
elderly people with sarcopenic obesity: A meta-analysis of randomized controlled trials. Maturitas 2018, 116, 24–35. [CrossRef]

37. Yin, Y.H.; Liu, J.Y.W.; Välimäki, M. Effectiveness of non-pharmacological interventions on the management of sarcopenic obesity:
A systematic review and meta-analysis. Exp. Gerontol. 2020, 135, 110937. [CrossRef]

38. Lee, S.Y. Handgrip Strength: An Irreplaceable Indicator of Muscle Function. Ann. Rehabil. Med. 2021, 45, 167–169. [CrossRef]
39. Hsu, K.J.; Liao, C.D.; Tsai, M.W.; Chen, C.N. Effects of Exercise and Nutritional Intervention on Body Composition, Metabolic

Health, and Physical Performance in Adults with Sarcopenic Obesity: A Meta-Analysis. Nutrients 2019, 11, 2163. [CrossRef]
40. Liao, C.D.; Tsauo, J.Y.; Wu, Y.T.; Cheng, C.P.; Chen, H.C.; Huang, Y.C.; Chen, H.C.; Liou, T.H. Effects of protein supplementation

combined with resistance exercise on body composition and physical function in older adults: A systematic review and meta-
analysis. Am. J. Clin. Nutr. 2017, 106, 1078–1091. [CrossRef]

41. Strasser, B.; Schobersberger, W. Evidence for resistance training as a treatment therapy in obesity. J. Obes. 2011, 2011, 482564.
[CrossRef]

42. Nicklas, B.J.; Chmelo, E.; Delbono, O.; Carr, J.J.; Lyles, M.F.; Marsh, A.P. Effects of resistance training with and without caloric
restriction on physical function and mobility in overweight and obese older adults: A randomized controlled trial. Am. J. Clin.
Nutr. 2015, 101, 991–999. [CrossRef] [PubMed]

43. Guo, Y.; Fu, X.; Hu, Q.; Chen, L.; Zuo, H. The effect of leucine supplementation on sarcopenia-related measures in older adults: A
systematic review and meta-analysis of 17 randomized controlled trials. Front. Nutr. 2022, 9, 929891. [CrossRef] [PubMed]

44. Colleluori, G.; Villareal, D.T. Aging, obesity, sarcopenia and the effect of diet and exercise intervention. Exp. Gerontol.
2021, 155, 111561. [CrossRef]

45. Ely, I.A.; Phillips, B.E.; Smith, K.; Wilkinson, D.J.; Piasecki, M.; Breen, L.; Larsen, M.S.; Atherton, P.J. A focus on leucine in
the nutritional regulation of human skeletal muscle metabolism in ageing, exercise and unloading states. Clin. Nutr. 2023, 42,
1849–1865. [CrossRef]

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/10.1016/j.clnesp.2019.04.007
https://doi.org/10.1093/ajcn/82.5.923
https://doi.org/10.1016/j.maturitas.2018.07.007
https://doi.org/10.1016/j.exger.2020.110937
https://doi.org/10.5535/arm.21106
https://doi.org/10.3390/nu11092163
https://doi.org/10.3945/ajcn.116.143594
https://doi.org/10.1155/2011/482564
https://doi.org/10.3945/ajcn.114.105270
https://www.ncbi.nlm.nih.gov/pubmed/25762810
https://doi.org/10.3389/fnut.2022.929891
https://www.ncbi.nlm.nih.gov/pubmed/35845777
https://doi.org/10.1016/j.exger.2021.111561
https://doi.org/10.1016/j.clnu.2023.08.010

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Anthropometric and Body Composition Assessment 
	1-RM Assessment 
	Handgrip Strength and Physical Performance Assessments 
	Knee Extensor Muscle Torque Measurements and Analysis 
	Nutritional Intervention 
	Supplements (Amino Acids or Placebo) 
	Progressive Resistance Training Protocol 
	Statistical Analysis 

	Results 
	Characteristics of Participants and Training Compliance 
	Changes in Anthropometric, Body Composition, and Functional Tests 
	Changes in 1-RM in the Isotonic Machines 
	Changes in Knee Extensor Isometric Torque at Different Angles 

	Discussion 
	Conclusions 
	References

