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Featured Application

Assessment of sit-to-stand-derived muscle power may capture aspects of task-specific
lower-limb function that are not fully reflected by conventional strength and mechani-
cal profiling measures in older adults with type 2 diabetes. Its inclusion alongside body
composition, metabolic, and force–velocity assessments may contribute to a more compre-
hensive characterization of functional status and support future research on assessment
and intervention strategies in this population.

Abstract

Older adults with type 2 diabetes mellitus (T2DM) may exhibit early neuromuscular
impairment, but the relative contribution of functional performance, mechanical capacity,
body composition, and metabolic status remains unclear. This matched cross-sectional
study compared 31 older adults with T2DM and 31 non-diabetic controls matched by
age, sex, and body mass index (BMI). Participants completed assessments of physical
function, sit-to-stand (STS)-derived muscle power, lower-limb force–velocity profiling
during leg press, dual-energy X-ray absorptiometry, and fasting blood analyses. Between-
group differences were examined using independent-samples t-tests, while exploratory
discriminant and receiver operating characteristic (ROC) analyses were performed to
evaluate within-sample group classification. Compared with controls, participants with
T2DM showed longer 5-STS time (p = 0.001) and lower absolute and relative STS power
(both p ≤ 0.01). In contrast, leg-press maximal force (F0) and maximal power (Pmax) did not
differ between groups, while maximal and optimal velocity were higher in the T2DM group
(both p = 0.026). The T2DM group also showed lower peripheral fat mass, a higher android-
to-gynoid ratio (AND/GYN), higher fasting glucose, and lower insulin and HOMA-β
values. Exploratory analyses suggested that a combined model including relative STS
power, V0, HOMA-β, and AND/GYN ratio showed higher within-sample classification
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performance than relative STS power or leg-press maximal power alone. These findings
suggest that STS-derived functional power may provide additional information on lower
limb function beyond leg-press force–velocity profiling when characterizing functional
status in older adults with T2DM.

Keywords: sit-to-stand task; type 2 diabetes; aging; functional performance; force–
velocity profile

1. Introduction
Age-related declines in muscle function are major contributors to frailty, loss of inde-

pendence, and reduced quality of life in older adults [1]. Type 2 diabetes mellitus (T2DM),
a highly prevalent chronic condition, accelerates these age-related impairments and is asso-
ciated with both metabolic dysfunction and neuromuscular deterioration [2]. Specifically,
alterations in insulin secretion and insulin resistance disrupt muscle protein metabolism
and energy utilization, contributing to reductions in muscle mass, strength, and particularly
lower-limb muscle power [3–5].

Lower-limb muscle power, defined as the ability to generate force rapidly, has emerged
as a sensitive indicator of functional capacity and is strongly associated with mobility
limitations, falls, and disability in older populations [6]. In individuals with T2DM, muscle
power may be compromised due to a combination of factors, including impaired motor unit
recruitment, diabetic neuropathy, and chronic low-grade inflammation [7]. Importantly,
these neuromuscular impairments may emerge before clear deficits are detectable by
conventional functional tests [8]. Traditional assessments such as handgrip strength and
the Short Physical Performance Battery (SPPB) provide valuable information on global
functional status; however, they may not fully capture the rapid force-production demands
of daily activities. In this context, task-specific measures of lower-limb power, particularly
sit-to-stand-derived power, may provide complementary and potentially more sensitive
information on functional capacity in older adults with T2DM than conventional global
functional tests.

Beyond functional performance, T2DM has also been associated with alterations in
body composition, including reduced appendicular lean mass and increased adiposity,
which further contribute to functional decline [9,10]. In parallel, alterations in biochemical
markers such as glucose, insulin, and indices of insulin resistance and β-cell function
reflect systemic metabolic dysfunction [11,12]. However, it remains unclear whether lower
task-specific functional power in older adults with T2DM is accompanied by alterations in
machine-based mechanical force–velocity outputs, or whether these assessments capture
distinct dimensions of lower-limb function.

Emerging approaches such as force–velocity (F–V) profiling provide detailed informa-
tion on the mechanical characteristics of lower-limb performance, including force-, velocity-,
and power-related capacities [13]. However, it remains unclear whether alterations in func-
tional performance in older adults with T2DM are accompanied by impairments in these
underlying neuromuscular characteristics. Moreover, few studies have simultaneously
integrated assessments of physical performance, task-specific functional power, body com-
position, and metabolic status within the same cohort.

Therefore, this matched cross-sectional study aimed to compare task-specific lower-
limb functional power and leg-press force–velocity characteristics between older adults
with T2DM and non-diabetic controls matched for age, sex, and BMI. A secondary aim was
to describe between-group differences in physical function, body composition, and fasting
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metabolic and biochemical markers to provide a multidimensional characterization of this
population. Finally, exploratory analyses were performed to characterize whether selected
functional, mechanical, body composition, and metabolic markers could differentiate T2DM
status within the study sample.

We hypothesized that older adults with T2DM would show lower STS-derived muscle
power and poorer functional performance than controls. Given the task-specific nature of
the STS test, we further hypothesized that differences in STS-derived power would not
necessarily be paralleled by equivalent differences in leg-press force–velocity outputs. We
also expected the T2DM group to show an altered body composition and metabolic profile.

2. Materials and Methods
2.1. Study Design and Participants

This observational, matched cross-sectional study compared musculoskeletal, body
composition, and metabolic characteristics between older adults with type 2 diabetes
mellitus (T2DM) and non-diabetic controls. A total of 62 participants were included,
comprising 31 individuals with T2DM and 31 non-diabetic controls. All eligible T2DM
participants with complete data for the main study variables were included. Given the
limited availability of T2DM individuals, this cohort served as the reference for control
selection from a larger database. Controls were group-matched using tolerance ranges
of ±3 years for age, and ±2 kg/m2 for BMI relative to T2DM participants, with sex
distribution balanced between cohorts. No variables related to physical function, muscle
power, force–velocity profiling, body composition, or metabolic parameters were used
during the matching process.

Participants were recruited through advertisements in the community of Madrid,
including municipal sports clubs and healthcare centers. Group allocation was based
on clinical diagnosis. Inclusion criteria for the T2DM group were age ≥ 65 years and a
confirmed diagnosis of T2DM for at least 2 years according to the American Diabetes Asso-
ciation criteria [14]. Information on glycemic control and pharmacological treatment was
collected when available and considered in the interpretation of results. The control group
included individuals aged ≥65 years without a diagnosis of T2DM or other metabolic
diseases, and with fasting glucose levels within the normal range according to established
clinical thresholds. Exclusion criteria for all participants included severe cognitive impair-
ment, uncontrolled cardiovascular or metabolic disease, severe comorbidities, and mobility
limitations not attributable to T2DM.

All participants attended three testing sessions separated by 48–72 h, conducted by
the same evaluators under standardized conditions. Participants were instructed to avoid
strenuous physical activity, caffeine, and alcohol for 24 h prior to testing. During the first
session, anthropometry, body composition, and blood samples were obtained following an
overnight fast. During the second session, participants completed assessments of physical
function, including the Short Physical Performance Battery (SPPB), handgrip strength, and
sit-to-stand (STS) tasks. During the third session, lower-limb performance was assessed
through force–velocity profiling using the leg press. All assessments were performed in the
morning to minimize circadian variability.

2.2. Assessments
2.2.1. Sociodemographic and Clinical Data

Information on participant characteristics, including age, sex, marital status, edu-
cation level, medication use, and habitual physical activity (PA), was obtained through
a structured interview using a validated questionnaire designed for older adults [15].
For descriptive analyses, marital status was classified as married or not married, and
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education level as higher education (bachelor’s degree or above) or lower education. In-
formation regarding current antidiabetic medication use (yes/no) was collected for all
participants, whereas detailed information on medication class and treatment regimen was
not consistently available and was therefore not included in the present analyses. Partici-
pants were classified as meeting the World Health Organization (WHO) recommendation
for aerobic physical activity if they reported ≥ 150 min/week of moderate-to-vigorous
physical activity.

2.2.2. Anthropometrics and Body Composition

Body mass and height were measured using a calibrated scale and stadiometer
(Seca 711, Hamburg, Germany), with participants barefoot and wearing light clothing.
Body mass index (BMI) was calculated as body mass (kg) divided by height squared (m2).
Body composition was assessed by dual-energy X-ray absorptiometry (DXA) using a Ho-
logic Discovery Series QDR densitometer (Bedford, MA, USA). Whole-body scans were
performed with participants in a supine position, wearing light clothing and no metal
objects. Total and regional body composition variables, including fat mass, lean mass
(bone-free), appendicular lean mass, and percentage body fat, were obtained using APEX
software (version 3.1.2, Hologic Inc., Bedford, MA, USA). Android-to-gynoid fat ratio and
regional bone mineral density were obtained from the manufacturer-defined regions of
interest. Appendicular lean mass was calculated as the sum of lean mass in both arms and
legs. Equipment was calibrated daily using a lumbar spine phantom, and quality-control
procedures were performed according to the manufacturer’s guidelines.

2.2.3. Physical Function and Sit-to-Stand Power

Physical function was assessed using the Short Physical Performance Battery
(SPPB) [16], which includes balance, usual gait speed (4-m walk), and the five-repetition
sit-to-stand test (5-STS). Each component was scored according to established criteria, and a
total score (0–12) was calculated, with higher scores indicating better function. Lower-limb
muscle power was estimated from the 5-STS test using the validated equation proposed
by Alcazar et al. [17]. Absolute STS power was calculated from body mass, height, chair
height (0.43 m), and the time required to complete five sit-to-stand repetitions. Relative
STS power was calculated by dividing absolute STS power by body mass.

Absolute STS power (W) =
Body mass × 0.9 × g × [Height × 0.5 − Chair height](

Five STS time
n of STS repetitions

)
× 0.5

Handgrip strength was assessed using a digital dynamometer (TKK 5401; Takei, Tokyo,
Japan). Participants performed two maximal 3-s contractions per hand, with a 1-min rest
between trials. The highest value obtained was used for analysis.

2.2.4. Force–Velocity Profiling

Lower-limb force–velocity (F–V) profiling was assessed during the leg press exercise
(Matrix GS310, Madrid, Spain), following a previously validated protocol [18]. After a
standardized warm-up, participants performed 2–3 concentric repetitions at progressively
increasing loads (5–20 kg increments), starting from low loads (~40% of the individual
one repetition maximum (1-RM)) and increasing until reaching a load equivalent to 80%
1-RM. A minimum of 4–6 loading conditions were recorded per participant to construct
the individual force–velocity relationship. Participants were instructed to perform each
repetition with maximally intended concentric velocity, and strong verbal encouragement
was provided. Rest intervals of 1–2 min were allowed between successive repetitions at each
load, and 2–3 min between different loading conditions to minimize fatigue accumulation.
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Force and mean propulsive velocity were recorded using a linear position transducer
(ADR, Toledo, Spain). For analysis, only the fastest repetition at each load was retained.
The individual force–velocity relationship was determined using linear regression, from
which theoretical maximal force (F0), maximal velocity (V0), slope, maximal power (Pmax),
optimal load (Lopt), and optimal velocity (Vopt) were derived [18].

2.2.5. Metabolic and Biochemical Parameters

Following a minimum 12-h overnight fast, venous blood samples were collected
from the antecubital vein in the morning. Participants were instructed to refrain from
moderate-to-vigorous physical activity for at least 72 h prior to sampling. Routine clinical
analyses were performed in an accredited laboratory and included hemoglobin, urea,
alanine aminotransferase (ALT), fasting glucose, and insulin. Serum aliquots were stored
at −80 ◦C for subsequent analyses.

Fasting insulin concentrations were determined using a commercial human insulin
ELISA kit (Invitrogen, Cat. No. KAP1251, Thermo Fisher Scientific, Waltham, MA, USA),
following the manufacturer’s protocol. All samples, standards, and controls were measured
in duplicate using a 96-well microplate reader, with absorbance recorded at 450 nm. Insulin
concentrations (µIU/mL) were calculated using a four-parameter logistic (4PL) regression
curve. The assay sensitivity was 2 µIU/mL, and intra- and inter-assay coefficients of
variation were both <10%. Fasting glucose concentrations (mg/dL) were obtained from
the same blood draw and analyzed on the same day. Insulin resistance and β-cell function
were estimated using the homeostasis model assessment indices [19]:

HOMA-IR = [Fasting insulin (µIU/mL) × Fasting glucose (mg/dL)]/405

HOMA-β = [360 × Fasting insulin (µIU/mL)]/[Fasting glucose (mg/dL) − 63]

Participants with T2DM continued their usual pharmacological treatment, which was
recorded and considered in data interpretation.

2.3. Statistical Analysis

Continuous variables were presented as mean ± standard deviation (SD), and categor-
ical variables as frequencies and percentages. Data normality and homogeneity of variance
were examined by Shapiro–Wilk and Levene’s tests, respectively. Independent-samples
t-tests were used for group comparisons for continuous variables, and chi-square or Fisher’s
exact tests were used for categorical variables. Effect sizes for continuous variables were
calculated using Cohen’s d. Benjamini–Hochberg false discovery rate (FDR) correction
was additionally performed (Supplementary Table S1). Statistical significance was set at
p < 0.05.

Exploratory multivariable analyses were performed to characterize between-group
differentiation within the study sample. Candidate predictors were first identified from
variables showing significant differences in the univariate analyses. To limit the number of
predictors relative to the sample size, three exploratory multivariable models comprising
different combinations of variables from functional, metabolic, body composition, and
force–velocity domains were constructed and compared. The final exploratory model was
selected based on overall classification performance while retaining representation from
different physiological domains (Supplementary Table S2).
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The retained exploratory model included four markers: relative STS power, HOMA-β,
V0, and AND/GYN ratio. Pairwise correlations, variance inflation factors (VIFs), and
discriminant structure coefficients were examined to minimize redundancy among the re-
tained predictors. These multivariable analyses were considered exploratory and intended
for within-sample evaluation. A canonical discriminant analysis was performed using the
enter method. Structure coefficients were reported as pooled within-group correlations
between each marker and the discriminant function. Classification accuracy was reported
for both the original classification and leave-one-out cross-validation.

Receiver operating characteristic (ROC) curve analysis was used to assess the clas-
sification performance of the combined model and selected individual variables. The
combined model was based on predicted probabilities from a binary logistic regression
model including the same four selected markers. Relative STS power and Pmax were also
evaluated individually using ROC analysis. Area under the curve (AUC) and 95% confi-
dence intervals (CI), and p-value were reported. All statistical analyses were performed
using IBM SPSS Statistics (version 29.0; IBM Corp., Armonk, NY, USA).

3. Results
3.1. Participant Demographics

Descriptive characteristics of the study sample are presented in Table 1. A total of
62 older adults participated, comprising 31 older adults with T2DM and 31 matched non-
diabetic controls (CON). No significant between-group differences were observed in the
matching variables, including age, sex distribution, or BMI (all p > 0.05). Similarly, married
status or higher education level did not differ significantly between groups (all p > 0.05).
In the T2DM group, 83.8% were receiving anti-diabetic medication. Regarding physical
activity, all participants with T2DM and 93.5% of controls met the aerobic component of
the WHO physical activity guidelines [20], with no significant difference between groups
(p = 0.492).

Table 1. Participant characteristics.

Variable T2DM (n = 31) CON (n = 31) p

Age (years) 72.8 ± 3.1 71.6 ± 2.3 0.130
Sex (male/female) 16/15 14/17 0.658
BMI (kg/m2) 29.5 ± 3.6 28.4 ± 3.8 0.234
Married (n, %) 21 (67.7) 20 (64.5) 1.000
Higher education (n, %) 5 (16.1) 12 (38.4) 0.082
Antidiabetic medication use (n, %) 26 (83.8) - -
Meeting WHO aerobic PA (n, %) 31 (100) 29 (93.5) 0.492

Data are presented as mean ± standard deviation (SD) or n/N (%). BMI, body mass index; PA, physical activity;
WHO, World Health Organization; Higher education, bachelor’s degree or above; Meeting WHO aerobic physical
activity, ≥150 min/week of moderate-to-vigorous activity. Independent samples t-tests were used for continuous
variables, and chi-square tests or Fisher’s exact tests were used for categorical variables. Percentages were
calculated using available data.

3.2. Physical Function, Sit-to-Stand Power, and Force–Velocity Profile

As presented in Table 2, compared with controls, the T2DM group exhibited a longer
5-STS time (p = 0.001, Cohen’s d = 0.903). Absolute STS power and relative STS power
(p = 0.01 and p = 0.001, respectively) were lower in the T2DM group (Table 2 and Figure 1a).
While no significant differences were observed for SPPB balance, 4-m gait time, SPPB total
score or handgrip strength between groups (all p > 0.05).
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Table 2. Physical function, STS-derived muscle power, and force–velocity profiling.

Variable T2DM
(n = 31)

CON
(n = 31) p Cohen’s d

Physical function
5-STS (s) 9.19 ± 2.60 7.31 ± 1.39 0.001 ** 0.903
SPPB-balance 3.87 ± 0.43 3.84 ± 0.45 0.774 0.073
4m gait time (s) 2.94 ± 0.44 2.87 ± 0.35 0.463 0.188
SPPB total score 11.55 ± 0.68 11.84 ± 0.45 0.052 −0.504
Handgrip (kg) 28.61 ± 9.74 29.53 ± 9.64 0.712 −0.094
STS-derived muscle power
STS Power (W) 269.16 ± 101.90 342.01 ± 114.84 0.010 * −0.671
Relative STS Power (W·kg−1) 3.57 ± 1.11 4.51 ± 1.05 0.001 ** −0.873
Force–velocity profiling
V0 (m/s) 0.84 ± 0.27 0.71 ± 0.18 0.026 * 0.580
F0 (N) 898.86 ± 261.49 944.07 ± 262.30 0.499 −0.173
Vopt (m/s) 0.42 ± 0.13 0.36 ± 0.09 0.026 * 0.580
Fopt (N) 449.43 ± 130.74 472.03 ± 131.14 0.499 −0.173
F–V Slope (N·s/m) −1182.73 ± 539.74 −1372.62 ± 448.56 0.137 0.383
Pmax (W) 184.65 ± 65.15 170.93 ± 68.23 0.421 0.206

Values are presented as mean ± standard deviation (SD). Between-group comparisons were performed using
independent-samples t-tests. SPPB, short physical performance battery; 5-STS, 5-times sit-to-stand test; STS Power,
absolute sit-to-stand power; Relative STS Power, relative sit-to-stand power; V0, theoretical maximal velocity;
Vopt, optimal velocity; F0, theoretical maximal force; Fopt, optimal force; Pmax, maximal power. * p < 0.05,
** p < 0.01.

Figure 1. Comparison of key neuromuscular outcomes between older adults with T2DM and CON.
(a) Relative sit-to-stand (STS) power; (b) theoretical maximal velocity (V0); (c) theoretical maximal
force (F0); (d) maximal power (Pmax). Violin plots display the median (dashed lines), interquartile
range (dotted lines), and full probability density distribution. * p < 0.05, ** p < 0.01; n.s., not significant.

For leg-press force–velocity profiling, the T2DM group showed higher maximal and
optimal velocity (V0 and Vopt; both p = 0.026) compared to the controls (Table 2 and
Figure 1b). However, no significant between-group differences were found for F0, Fopt,
F–V slope, or Pmax (all p > 0.05; Table 2, and Figure 1c,d).

3.3. Body Composition, Metabolic and Biochemical Markers

Group comparisons for body composition, metabolic, and biochemical variables are
presented in Table 3. Lean mass variables, including leg lean mass, appendicular lean
mass, and whole-body lean mass, did not differ significantly between groups (all p > 0.05).
Participants with T2DM had a lower leg fat mass (p < 0.05) and a higher android-to-gynoid
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ratio (p = 0.013) than controls, whereas arm fat mass showed a borderline between-group
difference (p = 0.05). Arm fat percentage did not differ significantly between groups. Leg
fat percentage was numerically lower in the T2DM group, although the between-group
difference did not reach statistical significance (p = 0.054). Arm and leg BMD were higher
in the T2DM group than in non-diabetic controls (both p < 0.001).

For metabolic parameters, fasting glucose level was higher in the T2DM group (p < 0.001,
d = 1.155), whereas insulin concentration (p = 0.003) and HOMA-β (p < 0.001, d = −1.432)
were significantly lower than in controls. HOMA-IR did not differ significantly between
groups. Among biochemical markers, hemoglobin was lower (p = 0.027) and urea was higher
in T2DM (p < 0.05), whereas ALT did not differ significantly between groups (p = 0.073).

Table 3. Body composition, metabolic, and biochemical parameters.

Variable T2DM
(n = 31)

CON
(n = 31) p Cohen’s d

Body composition
Leg lean mass (kg) 14.04 ± 3.20 14.51 ± 3.72 0.591 −0.137
ALM (kg) 18.92 ± 4.25 19.40 ± 5.13 0.693 −0.101
WB lean mass (kg) 45.70 ± 9.01 46.20 ± 10.89 0.846 −0.050
Arm fat mass(kg) 2.88 ± 0.86 3.36 ± 1.02 0.050 −0.509
Leg fat mass (kg) 7.06 ± 2.91 9.17 ± 3.03 0.007 ** −0.710
Arm fat (%) 36.71 ± 10.02 39.65 ± 9.94 0.251 −0.294
Leg fat (%) 32.64 ± 9.94 37.50 ± 9.51 0.054 −0.499
AND/GYN ratio 1.19 ± 0.21 1.06 ± 0.18 0.013 * 0.650
Arm BMD (g/cm2) 0.82 ± 0.13 0.70 ± 0.11 <0.001 *** 0.993
Leg BMD (g/cm2) 1.20 ± 0.17 1.04 ± 0.16 <0.001 *** 0.956
Metabolic and biochemical parameters
Hemoglobin (g/dL) 14.04 ± 1.73 14.87 ± 1.03 0.027 * −0.578
Urea (mg/dL) 45.71 ± 11.71 38.55 ± 6.77 0.005 ** 0.749
ALT (U/L) 23.73 ± 10.76 19.90 ± 4.42 0.073 0.468
Glucose (mg/dL) 123.71 ± 26.16 100.45 ± 11.23 <0.001 *** 1.155
Insulin (µIU/mL) 11.91 ± 6.89 18.56 ± 9.95 0.003 ** −0.776
HOMA-β 76.75 ± 47.91 185.02 ± 95.57 <0.001 *** −1.432
HOMA-IR 3.82 ± 2.68 4.70 ± 2.73 0.205 −0.325

Values are presented as mean ± standard deviation (SD). Between-group comparisons were performed using an
independent samples t-test. ALM, appendicular lean mass; WB, whole-body; AND/GYN ratio, android/gynoid
ratio; BMD, bone mineral density. ALT, Alanine transaminase; HOMA-IR, homeostatic model assessment of
insulin resistance; HOMA-β, homeostatic model assessment of β-cell function. * p < 0.05, ** p < 0.01, *** p < 0.001.

To account for multiple comparisons, the Benjamini–Hochberg false discovery rate (FDR)
correction was additionally performed. All variables that remained significant in the primary
analyses also retained statistical significance after FDR correction (Supplementary Table S1).

3.4. Exploratory Analyses of Group Differentiation

To examine whether selected functional, force−velocity, body composition, and
metabolic markers could differentiate between groups within the study sample, a canon-
ical discriminant analysis was performed (Table 4). The retained exploratory model in-
cluded four markers: relative STS power, HOMA-β, V0, and AND/GYN ratio. The
discriminant function significantly differentiated older adults with T2DM from controls
(Wilks’ Λ = 0.508, χ2 (4) = 39.313, p < 0.001). The function showed an eigenvalue of 0.970
and a canonical correlation of 0.702. Structure coefficients indicated that HOMA-β had the
largest loading on the discriminant function, followed by the relative STS power. Further-
more, the AND/GYN ratio (−0.336) and V0 (−0.300) also provided additional contributions
to the discriminant function. No evidence of problematic multicollinearity was observed
among the retained predictors (VIF range: 1.022–1.135). The model achieved an original
classification accuracy of 80.6%, with a leave-one-out cross-validated accuracy of 79.0%.
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Table 4. Characteristics of the exploratory discriminant function for group differentiation.

Indicator Result

Predictors included relative STS power, HOMA-β, V0, AND/GYN ratio
Wilks’ Λ 0.508
χ2 (df) 39.313 (4)
p value <0.001

Eigenvalue 0.970
Canonical correlation 0.702

Original overall accuracy (%) 80.6
Leave-one-out cross-validated

accuracy (%) 79.0

Structure coefficients VIF
HOMA-β 0.739 1.135

Relative STS power 0.451 1.022
V0 −0.300 1.099

AND/GYN ratio −0.336 1.091
Note: Structure coefficients represent pooled within-group correlations between each variable and the discriminant
function. Classification accuracy is presented for both the original classification and leave-one-out cross-validation.
Variance inflation factors (VIFs) were examined to assess multicollinearity among the retained predictors, with
values close to 1 indicating no evidence of problematic multicollinearity. This exploratory analysis was performed
to characterize between-group differentiation within the study sample. STS, sit-to-stand; V0, theoretical maximal
velocity; HOMA-β, homeostatic model assessment of β-cell function; AND/GYN ratio, android-to-gynoid ratio;
VIF, Variance inflation factor.

Subsequently, receiver operating characteristic (ROC) curve analysis was performed
to evaluate the classification performance of the combined model and selected individual
markers (Figure 2). The multivariable combined model was based on predicted probabilities
from a binary logistic regression model including relative STS power, HOMA-β, V0, and
AND/GYN ratio, which yielded an AUC of 0.937 (95% CI: 0.878–0.995; p < 0.001). Using a
probability threshold of 0.50, the combined model achieved an apparent classification accuracy
of 85.5%, with a sensitivity of 87.1%, specificity of 83.9%, precision of 84.4%, and a harmonic
mean of precision and recall (F1-score) of 85.7%. Notably, relative STS power alone showed an
AUC of 0.732 (95% CI, 0.606–0.857, p = 0.002), whereas Pmax was not significantly associated
with group classification (AUC = 0.559; 95% CI, 0.415–0.704; p = 0.422).

Figure 2. Receiver operating characteristic (ROC) curves for differentiating older adults with T2DM
from controls within the study sample. The combined model was based on predicted probabilities
from a binary logistic regression model integrating relative STS power, HOMA-β, V0, and AND/GYN
ratio. Relative STS power and Pmax were also evaluated individually using ROC analysis. The
diagonal dashed reference line represents the chance-level discrimination (AUC = 0.500). AUC: area
under the curve; STS, sit-to-stand; V0, theoretical maximal velocity; HOMA-β, homeostatic model
assessment of β-cell function; Pmax, maximal power; AND/GYN ratio, android-to-gynoid ratio.
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4. Discussion
The main finding of this matched cross-sectional study was that older adults with

T2DM showed lower STS-derived functional power than non-diabetic controls, whereas
leg-press maximal force and maximal power did not differ significantly between groups.
This pattern suggests that STS-derived power and machine-based F–V profiling may
capture partly distinct dimensions of lower-limb function in this sample. In addition,
body composition and fasting metabolic markers differed between groups, supporting the
relevance of a multidimensional assessment approach.

The lower STS power observed in participants with T2DM represents a key functional
finding of the present study. However, conventional clinical measures within our cohort,
such as handgrip strength and total SPPB scores, showed limited sensitivity in separating
T2DM populations from non-diabetic controls. This observation aligns with previous
evidence indicating that muscle power is more sensitive than maximal strength for detecting
early functional decline in older adults [21]. These results may be explained by the high
physical activity levels of the participants, with nearly all individuals meeting the WHO
aerobic physical activity recommendations. Regular physical activity may help preserve
global mobility and upper-limb strength [22], potentially masking early impairments in
more sensitive functional domains. This difference highlights that standard functional
screenings may exhibit ceiling effects in physically active cohorts, whereas STS-derived
power unmasks subtle deficits in dynamic, weight-bearing performance. These findings
support the utility of relative STS power as an integrated marker of task-specific functional
capacity in older adults with T2DM.

The reduction in STS power contrasted with the preserved force–velocity characteris-
tics observed in the T2DM group. Specifically, no significant between-group differences
were observed in maximal force (F0), optimal force (Fopt), or maximal power (Pmax). This
functional–mechanical dissociation may reflect a task-specific functional and neuromuscu-
lar limitation rather than a generalized impairment in leg-press mechanical capacity. Unlike
the leg press, which is performed in a guided and externally stabilized environment, the
STS task requires rapid force generation, intermuscular coordination, postural control, and
displacement of body mass during a self-initiated weight-bearing movement [23]. There-
fore, in this relatively active cohort with comparable BMI between groups, reduced STS
power may reflect task-specific functional limitations associated with T2DM, rather than
differences in isolated maximal power alone. Previous studies have reported alterations
in neuromuscular function in individuals with T2DM, which may contribute to impaired
functional performance [24–26]. Nevertheless, because electromyography, kinematic anal-
ysis, coordination analysis, or neuropathy assessment were not performed, mechanisms
related to altered muscular activation, motor recruitment, coordination, or compensatory
movement strategies cannot be confirmed. Although V0 and Vopt were higher in the
T2DM group, these differences should be interpreted cautiously. The observed difference
in V0 was moderate in magnitude and was not accompanied by differences in F0 or Pmax,
indicating that the biological significance of this finding remains uncertain. Therefore, the
observed velocity-related differences should not be considered evidence of a compensatory
strategy or specific neuromuscular adaptation, but rather as hypothesis-generating findings
that require confirmation through studies incorporating electromyography, biomechanical
analyses, and peripheral neuropathy assessments. Collectively, these findings suggest
that STS-derived power and leg-press force-velocity profiling provide complementary
information [21,27,28], with STS power capturing early impairments that may not be fully
reflected by traditional functional tests.

From a body composition perspective, participants with T2DM exhibited lower periph-
eral fat mass together with a higher android-to-gynoid ratio, despite being matched for BMI.
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This pattern may suggest altered fat distribution [29] rather than generalized adiposity,
and differs from the obese phenotype typically described in older adults with T2DM. The
relatively high physical activity level of the cohort and the BMI-matched study design may
partly account for these findings. In addition, pharmacological treatment [30] and metabolic
disturbances may also be relevant to the observed body composition profile. Notably, the
absence of significant differences in appendicular or whole-body lean mass indicates that
lower STS power was not accompanied by detectable differences in DXA-derived lean mass.
However, DXA does not capture muscle quality, intramuscular fat infiltration, neuromus-
cular activation, or coordination, which may be relevant for functional power. In contrast,
limb bone mineral density was higher in the T2DM group. Nevertheless, higher BMD
does not necessarily indicate better bone quality [31], and may instead reflect differences
in mechanical loading or metabolic influence on bone. This finding is consistent with
previous evidence showing that individuals with T2DM may present normal or elevated
bone mineral density despite an increased fracture risk, likely due to alterations in bone
microarchitecture and material properties not captured by DXA [31].

Metabolically, the T2DM group was characterized by higher fasting glucose, together
with lower insulin and HOMA-β values, whereas HOMA-IR did not differ significantly
between groups. Although the HOMA-IR value was numerically higher in the control
group, this difference was not statistically significant and should be interpreted cautiously
given the relatively small sample size and the variability of fasting insulin-derived indices.
In this BMI-matched and relatively active cohort, this pattern suggests that impaired β-cell
function may represent a more prominent fasting-derived feature than a clear difference
in insulin resistance. This observation may differ from the more typical sedentary and
obese T2DM phenotype, in which excess adiposity and insulin resistance are often more
pronounced. Participant selection and the potential influence of anti-diabetic medication
may both have contributed to this metabolic profile. Regular physical activity and pharma-
cological treatment have been associated with improved skeletal muscle glucose uptake
and systemic glucose regulation [32,33], which may provide a plausible context for the
absence of a significant between-group difference in HOMA-IR. However, this explanation
should be interpreted cautiously, as treatment characteristics and tissue-specific insulin
sensitivity were not directly examined. Furthermore, indices based only on fasting glucose
and insulin cannot determine which tissues primarily contribute to impaired glucose regu-
lation. Therefore, these findings should be interpreted as contextual metabolic features of
this active cohort.

The exploratory discriminant and ROC analyses provided complementary informa-
tion regarding between-group differentiation within the study sample. In the discriminant
model, four selected markers were included: relative STS power, V0, HOMA-β, and
AND/GYN ratio. HOMA-β showed the largest structure coefficients, which were partly
expected given that this index is derived from fasting glucose and insulin. Relative STS
power was independently associated with group classification, suggesting that task-specific
functional power contributed to group separation beyond the expected metabolic distinc-
tion. Similarly, the ROC analysis showed that the combined model achieved a higher
AUC than relative STS power or Pmax alone, whereas metabolic and body composition
markers contributed additional classification information. Nevertheless, these analyses
were exploratory, conducted in a relatively small sample, and lacked external validation.
Although relative STS power was associated with group classification in this exploratory
analysis, its potential contribution to functional assessment requires confirmation in larger
independent cohorts. These observations support continued investigation of STS-derived
power in older adults with T2DM. Future longitudinal and intervention studies should de-
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termine whether improvements in STS-derived power are accompanied by improvements
in functional performance.

Several limitations should be acknowledged. The study used a cross-sectional design
and included a modest sample size, which should be considered when interpreting the
findings. At the same time, it provides a comprehensive and integrative assessment of
neuromuscular, compositional, and metabolic domains in older adults with T2DM. The
relatively high physical activity level of the T2DM group may have attenuated group
differences, but it may also have allowed the identification of impairments that persist
despite favorable lifestyle conditions. Physical activity was self-reported, which may intro-
duce bias, and detailed clinical information, such as HbA1c, disease duration, neuropathy
status, and medication type or dosage, were not fully available. Future longitudinal studies
with larger samples, external validation cohorts, more detailed clinical characterization,
and biomechanical assessments are needed to confirm these findings and clarify their
clinical relevance.

5. Conclusions
In this matched cross-sectional study, older adults with T2DM showed lower STS-

derived functional power than non-diabetic controls, despite no significant between-group
differences in leg-press maximal force and maximal power. These findings suggest that
impairments in task-specific functional power may not be fully captured by machine-
based assessments of lower-limb muscle function in older adults with T2DM. Integrating
functional, mechanical, body composition, and metabolic assessments may help provide a
more comprehensive characterization of this population. The exploratory multivariable
findings require confirmation in larger independent cohorts before any clinical or practical
application can be considered. Future longitudinal and intervention studies are needed to
determine whether changes in STS-derived power are associated with clinically meaningful
functional decline and whether power-oriented exercise programs improve functional
outcomes in older adults with T2DM.
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T2DM Type 2 Diabetes Mellitus
SPPB Short Physical Performance Battery
5-STS 5 Times Sit-to-stand Test
RL STS Relative Sit-to-stand Power
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HOMA-IR Homeostatic Model Assessment of Insulin Resistance
HOMA-β Homeostatic Model Assessment of β-cell Function
ALT Alanine Aminotransferase
F–V Force–velocity
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F0 Theoretical Maximal Isometric Force
V0 Theoretical Maximal Velocity
Fopt Optimal Force
Vopt Optimal Velocity
Pmax Maximal Power
ALM Appendicular Lean Mass
WB Whole Body
ROC Receiver Operating Characteristic
AUC Area Under the Curve
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