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Abstract: Background: The rate of force development (RFD) plays a pivotal role not only in
preventing falls but also in ensuring successful completion of many functional tasks that demand
swift muscle power rather than prolonged strength. Despite its importance, there is limited
comprehensive research on the relationship between RFD and walking speed, especially in older
adults with Sarcopenic Obesity (SO). Objective: to investigate the influence of obesity on
neuromuscular markers in older adults with SO and to assess the relationship between
neuromuscular markers and gait speed in older adults with SO. Methods: a cohort of 42 participants
was categorized based on their BMI into two groups: the sarcopenic non-obese group (CG, n=22;
age=81.13+4.02; BMI=25.13+3.35) and the sarcopenic obese group (SOG, n=20; age=77.71+2.95;
BMI=34.46+3.25). Gait speed was measured using a 10-meter test. Additionally, the isometric
strength of the plantar flexor muscles was assessed during maximal voluntary contractions.
Absolute Peak force (aPeak, N) were documented at intervals of 50 ms (a50, N), 100 ms (a100, N),
and 200 ms (a200, N), subsequently normalized to body mass (r50, r100, r200, N). The RFD was
derived in two phases: from the start of the contraction to 50 ms (RFDso-100) and from 100 to 200 ms
(RFD100-200) and calculated from the linear slop of the force — time curve (A force/A time). Conclusion:
Obesity negatively impacts neuromuscular markers in older adults. Notably, RFD emerges as the
dominant factor influencing gait speed, accounting for an impressive 51% of its variability, far
surpassing the impact of relative peak force. This underscores the imperative of evaluating
neuromuscular health in older adults with SO to provide insights into mobility outcomes.

Keywords: overweight; sarcopenia; explosive force; neuromuscular markers; walking

1. Introduction

Among older adults diagnosed with sarcopenia, the incidence of falls and the resulting injuries
emerge as a paramount issue [1,2]. This risk is probably compounded by obesity, a condition marked
by an excessive accumulation of adipose tissue, which imposes increased mechanical strain on the
musculoskeletal system [3]. Sarcopenic obesity (SO), defined as the coexistence of muscle loss (i.e.,
sarcopenia) and excess body fat (i.e., obesity) among older adults, therefore presents a complex
challenge, exacerbating mobility issues and affecting daily activities [4]. In this context, Clark et al.
[5] emphasized that the accumulation of intramuscular fat results in a substantial and consequential
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reduction in muscle strength. What's particularly intriguing is that this decline surpasses the natural
age-related decrease in muscle mass. These findings allude to complex underlying factors, including
the potential reduction in muscle strength, which warrants further investigation.

Muscle strength serves as a critical benchmark for physical well-being, but it experiences a
discernible reduction due to sarcopenia [3,6]. However, recent research has shown a burgeoning
interest in rapid force markers, especially the rate of force development (RFD, denoted as A force/A
time [7-9]. The RFD parameter zeroes in on the force produced during the crucial initial 200 ms when
a muscle is activated [10]. Remarkably, this rate is even more sensitive to the effects of aging than
conventional measures like maximal strength [8,9]. Emerging studies posit RFD as an influential
predictor of certain functional attributes in older adults, particularly emphasizing its correlation with
walking speed [5,8]. Furthermore, a diminished ability in swift force generation within the 100-200
ms timeframe after a misstep might be a key factor in the diminished capacity of older adults to
counteract falls [9]. Evaluations of rapid torque typically encompass various contraction intervals of
muscles, specifically the early (0-50 ms) and the latter (100-200 ms) phases [11]. The preliminary phase
correlates with the onset of motor unit activation and their respective firing sequences, as well as
intrinsic muscle characteristics like fiber composition and calcium dynamics [12]. Conversely, the
latter segment largely draws influence from elements such as peak strength and the overall muscular
structure [13].

Prior research has documented age-related declines in maximal voluntary isometric strength in
lower limb muscles, including leg flexors [11], dorsiflexors [12], and plantar flexors [14]. Interestingly,
it has been observed that the reduction in rate of force development (RFD) during aging can be more
pronounced (39-64%) than the decrease in maximal isometric strength (29-46%) [9,11]. These
findings are of great significance, as the capacity to swiftly generate force is crucial for various
everyday activities [9]. When considering the impact of obesity on muscle strength in older adults
with sarcopenia, several factors come into play, helping to elucidate the reasons behind the potential
disparity in muscle strength between obese and non-obese individuals with sarcopenia. The
infiltration of fat within skeletal muscles diminishes the contractile component of the overall muscle
volume [15], thereby diminishing the inherent strength of the muscle as a whole[3]. Recently, our
research has shown that older adults with SO possess lower relative maximal plantar flexor strength
[16]. However, it remains unknown whether obesity in older adults with sarcopenia exacerbates the
decline in RFD. This is particularly pertinent, as older adults with SO are at a higher risk of falls [17],
and RFD is not only crucial for fall prevention but also for successfully executing various functional
tasks that prioritize rapid muscle power responses over sustained strength [14].

Walking speed, a critical performance determinant, encapsulates more than just physical
capabilities; it's closely intertwined with broader aspects of health, such as autonomy, fall risk, and
even longevity [15-17]. Despite its significance, there remains a paucity of exhaustive research
exploring the correlation between RFD and walking speed, particularly in older adults with SO. We
still lack comprehensive studies examining how RFD influences walking speed, especially in older
adults with SO. Additionally, an essential question remains unanswered: does obesity impact the
RFD in a discernible way? It's yet to be ascertained whether obesity exacerbates, mitigates, or remains
neutral to the changes in RFD observed in older adults. Addressing this problem is crucial for
targeted interventions, and to ensure that therapeutic efforts are grounded in a complete
understanding of the dynamics at play.

The objectives of this study were to: i) to investigate the influence of obesity on neuromuscular
markers in older adults. This objective aims to decipher whether obesity compounds the
neuromuscular challenges already posed by sarcopenia. ii) to examine the relationship between
neuromuscular markers and gait speed in older adults with SO. This will determine whether changes
in neuromuscular health directly affect walking speed, which is a pivotal determinant of performance
and overall functionality.
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2. Materials and Methods

2.1. Study design

This study was conducted in alignment with the Helsinki Declaration and was approved by the
Ethics Committee of South Ethics Committee for the Protection of Persons (No. 0477/2022), registered
in the Pan African Clinical Trials Registry with the registration number PACTR202306912191110 and
organized in compliance with the Consolidated Standards of Reporting Trials (CONSORT)
guidelines [22]. The research protocol, patient information letter, and informed consent form also
received their endorsement. The study was designed following a single-blinded, analytical cross-
sectional approach, as depicted in Figure 1.
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Figure 1. Study design.

Notably, the experimenter, a physiotherapist with five years of experience, upheld single-
blinding, possessing knowledge of participants' group affiliations, while the investigator remained
uninformed about this. In terms of data management, information underwent thorough processing
in an anonymous and consolidated manner to protect participants' identities. The study began with
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a 4-week recruitment period, followed by a 3-week screening phase, and concluded with a 9-week
experimental testing stage. These sessions, each lasting approximately 2 hours, involved a thorough
evaluation, encompassing health status questionnaires, anthropometric measurements, a 10-meter
walking test, and evaluation of the neuromuscular markers of the plantar flexor muscles.

2.2. Recruitments

Participants were systematically recruited from several care centers throughout the Tunis region
between 1st and 31st May 2022. Recruitment was accomplished by disseminating study participation
offers in clinical centers, and subsequently, the medical staff compiled a list of volunteers to the
experimenter. To be eligible, individuals needed to have a Body Mass Index (BMI) over 30 kg/m?, a
Handgrip force of less than 17 N [23], a gait speed of under 1.0 m/s [23], be aged above 65, be able to
verbally communicate effectively with the research team and possess physical independence. Those
with neurological or cognitive conditions, severe cardiovascular diseases, prominent lower limb
musculoskeletal issues, other significant co-morbidities, or chronic diseases, or on medications that
might affect the testing were excluded. Additionally, a Montreal Cognitive Assessment (MoCA) score
below 26 was another exclusion criterion [24]. Every participant's eligibility was meticulously cross-
checked using a detailed questionnaire, subsequently reviewed by medical experts from the
respective facilities.

2.3. Evaluation protocol

All evaluations were conducted in a designated clinical examination room under consistent
environmental conditions, overseen by a singular, trained assessor. Participants were given a
standardized set of verbal instructions before the assessments to ensure familiarity with the
procedures.

To begin, the MoCA test and the Ricci and Gagnon scale were employed to gauge participants'
cognitive and physical activity levels. Following this, participants’' body mass (BM) and fat body mass
(FBM, %) were measured using an impedance-meter (Tanita; SC 240-Class III;Tanita Europe B.V.,
Amsterdam, The Netherlands). FBM and lean body mass (LBM) were calculated using the equations
from [55]: FBM = body fat (%) x body mass; and LBM = body mass — FBM. Body height (H) were
accurately measured using a digital floor scale. This data was then used to compute the Body Mass
Index (BMI) as: BMI (kg/m?) = BM (kg)/H? (m)

A dynamometer (EH101, Xiangshan Inc., Guangdong, China) was used to evaluate the handgrip
strength (HS, N). Participants, while seated, had their elbows flexed at 110°, wrists in a neutral
position, and the interphalangeal joint of the index finger set at 90°. Both hands were tested three
times, with the highest reading from either hand being chosen for subsequent analysis.

Gait speed was evaluated using a standardized 20-meter corridor walk. Participants were asked
to reach their maximum walking speed. However, only the speed captured between the 5th and 15th
meters was used for analysis, eliminating the acceleration and deceleration phases, to get a true
representation of their consistent walking speed (m/s) [25].

The isometric strength of the ankle plantar flexor muscles in the dominant leg was measured
during maximal voluntary contractions (MVC) using a dynamometer (K-Force, Kinvent, Montpellier,
France). Participants were instructed to maintain contact between their back, buttocks, and thigh with
the chair while keeping their leg stretched horizontally. They were then asked to push with the tips
of their foot against the dynamometer [14]. Two trials were performed with a 1-minute rest interval
in between, and the peak force value from the two trials was recorded for PF (aPeak, N). The relative
peak force (rPeak, N/kg) was calculated by normalizing the peak force to the participant's body mass
(aPeak /BM, N/kg). The dynamometer signals were stored offline for subsequent analysis. Absolute
force was recorded at 50 ms (a50), 100 ms (a100) and 200 ms (a200). Absolute forces were normalized
to BM (r50, r100, r200, respectively) and to MVC (50MVC, 100MVC, 200MVC, %). Early rate of force
development (RFD) was also obtained from each MVC contraction onset to 50 ms (RFD50-100). Late
RFD was acquired from 100 to 200 ms (RFD100-200) (Figure 2). All RFD was calculated from the
linear slop of the force — time curve (A force/A time).
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Figure 2. Example of processed torque signal from a maximal voluntary isometric contraction. Note:
Portion of the force-time curve from which rate of force development from 0 to 50 (aRTDo-50) and from
100 to 200 ms (aRTD100-200).

2.4. Statistical analysis

The sample size was calculated using the freeware G*Power (version 3.1.9.4) [26]. The ANOVA
test was predefined for power analysis. The estimation was based on predefined control of type I
error (alpha = 0.05) and Type Il error (beta = 0.60), with a moderate level of estimated effect size (r =
0.35) [23]. Under these settings, 40 participants were required as the minimum sample size. For
statistical analyses, we employed Jamovi (Software 2.3, Sydney, Australia). We began by
implementing the Shapiro-Wilk and Levene tests to ascertain data normality and variance
homogeneity, respectively. Once it was confirmed that our data adhered to these assumptions, we
proceeded with the t-test for independent samples to identify variances between the groups. A
Pearson correlation analysis was subsequently conducted to pinpoint parameters with a strong
association to gait speed in SOGusing the heatmap correlation analysis (Figure 4). In the subsequent
steps, we introduced multiple logistic regression models, aiming to discern the model exhibiting the
strongest correlation with gait speed in SOG.

3. Results

An initial group of 52 volunteers was recruited. Following a thorough application of inclusion
and exclusion criteria, 45 participants met the study's qualifications. Regrettably, three individuals
could not meet the study requirements, resulting in a final cohort of 42 dedicated participants who
completed the study in its entirety. These participants were subsequently categorized based on their
BMI. The control group, consisting of non-obese older adults with sarcopenia, comprised 22
individuals, with 10 men and 12 women. In contrast, the sarcopenic obese group (SOG) consisted of
20 individuals, evenly divided between 10 men and 10 women (Table 1).
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Table 1. Anthropometric characteristics of groups.

95% Confidence
Interval

Lower Upper Standard-

group N Mean Minimum Maximum

Limit Limit deviation
Age (y) SOG 20 7771 76.33 79.09 2.95 72.80 83.00
CG 22 81.13 79.35 82.91 4.02 74.90 88.00
H (cm) SOG 20 162.87 159.92 165.82 6.29 152.60 173.50
CG 22 166.03 162.69 169.37 7.54 155.80 177.20
BM SOG 20  90.98 *** 89.14 92.82 3.92 84.20 96.80
CG 22 68.74 66.28 71.20 5.54 60.40 79.00
BMI (kg/m?) SOG 20 34.46 *** 32.94 35.98 3.25 30.11 41.31
CG 22 2513 23.64 26.61 3.35 19.59 30.52
Body fat (%) SOG 20 35.00 *** 32.03 37.97 6.34 24.30 45.60
CG 22 17.72 16.84 18.60 1.98 14.30 20.90
FBM (kg) SOG 20  32.03 *** 28.78 35.27 6.93 21.75 44.14
CG 22 1216 11.49 12.84 1.51 9.22 14.69
LBM (kg) SOG 20  58.95 57.01 60.90 4.15 52.66 67.75
CG 22 56.58 54.36 58.79 4.99 48.44 65.91

SOG: older adluts with sarcopenic obesity, CG: control group, H: height, BM: body mass, BMI: body mass index,
FBM: fat body mass, LBM: lean body mass, * p <.05, ** p <0.1, ** p <.001.
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Figure 3. Gait speed and handgrip force of groups. CG: control group, SOG: older adults with
sarcopenic obesity group, *: p <.05, **: p <0.1, **: p <.001.

In relation to anthropometric measurements, statistical analysis showed no significant
differences in age, body height and LBM. Nonetheless, BM (p <0.001; d = 4.6), BMI (p <0.001; d =2.8),
body fat (p <0.001; d = 3.7) and FBM (p <0.001; d = 4.0) were notably higher in the SOG compared to
the CG. The outcomes for gait speed and handgrip force are depicted in Figure 3. While no significant
difference between the groups was observed for handgrip force, the gait speed was notably lower in
the SOG compared to the CG (p <0.001; d =-1.63). The analysis of the Ricci and Gagnon questionnaire
revealed that CG (10.9 £ 2.5) and SOG (9.7 + 3.4) were inactive.
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Table 2. Neuromuscular parameters of groups.

Intervalle de
confiance a 95%

Lower Upper Standard-

.. L. . . MinimumMaximum
Limit Limit deviation

group N Mean

aPeak (N) SOG 20  192.69 185.47 199.90 15.41 165.40 230.10
CG 22 194.89 189.01 200.76 13.28 176.40 230.10
rPeak (N) SOG 20 2.12 % 201 223 0.22 1.70 2.55
CG 22 2.86 2.69  3.02 0.36 2.2 3.68
a50 (N) SOG 20 33.80 *** 32.56 35.04 2.65 28.94 40.26
CG 22 31.18 30.24 3212 2.12 28.22 36.81
r50 (N/kg) SOG 20 0.37 *** 0.35 0.39 0.03 0.30 0.45
CG 22 0.45 043 048 0.05 0.40 0.58
a100 (N) SOG 20 69.53 * 66.98 72.08 5.45 59.54 82.83
CG 22 73.51 7141 75.61 4.73 65.26 85.13
r100 (N/kg) SOG 20 0.76 *** 0.72  0.80 0.08 0.62 0.92
CG 22 1.07 1.02 1.13 0.12 0.88 1.33
a200 (N) SOG 20  113.96 *** 109.78 118.14 8.93 97.58 135.75
CG 22 12473 120.97 128.49 8.48 112.89 147.26
r200 (N/kg) SOG 20 1.25 1.19 131 0.13 1.02 1.51
CG 22 1.82 1731 192 0.21 1.48 2.35
50MVC (%) SOG 20 17.60 16.87 18.33 1.56 15.84 20.40
CG 22 16.02 15.60 16.45 0.96 14.66 18.08
100MVC (%) SOG 20 36.14 35.20 37.08 2.01 29.88 39.18
CG 22 37.81 36.67 38.95 2.57 32.89 41.53
200MVC (%) SOG 20 59.40 * 56.76  62.05 5.64 48.38 69.17
CG 22 64.16 62.06 66.25 4.72 56.50 74.70
RFD 50/1
(N/mi)O/ 00 SOG 20 676.06 *** 651.25 700.86 53.00 578.90 805.35
CG 22 708.19 691.25 725.14 38.21 644.48 816.32
F;&:?O/ZOO SOG 20 444.26 *** 406.11 482.41 81.50 284.97 616.35
CG 22 51211 477.47 546.75 78.13 356.31 641.55

SOG: older adults with sarcopenic obesity, CG: control group, RFD: rate of force development, MVC: maximal
voluntary contraction, a50, al00, a200: absolute peak force at 50, 100 and 200ms, 150, r100, r200: relative peak
force at 50, 100 and 200 ms, aPeak: absolute peak force, rPeak: relative peak force, * p <.05, ** p < 0.1, ** p <.001.

Table 3. Correlation analysis between neuromuscular parameters and gait speed.

RFDsoio0  RFDioo200 150 1100 1200 rPeak r50/MVCr100/MVCr200/MVC
0,84 0,83 0,77 0,66 0,75 0,6 0,32 0,26 0,35
<.001 <.001 <001 ,001 <.001 ,005 ,164 ,263 ,129

RFD: rate of force development, MVC: maximal voluntary contraction, a50, a100, a200: absolute peak force at 50,

100 and 200ms, r50, 1100, r200: relative peak force at 50, 100 and 200 ms, aPeak: absolute peak force, rPeak:

relative peak force.

Gait speed

doi:10.20944/preprints202311.0400.v1
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Figure 4. Correlation heatmap analysis of gait speed and neuromuscular paramaeters of older adults
with sarcopenic obesity. RFD: rate of force development, MVC: maximal voluntary contraction, a50,
a100, a200: absolute peak force at 50, 100 and 200ms, r50, r100, r200: relative peak force at 50, 100 and
200 ms, aPeak: absolute peak force, rPeak: relative peak force.

The logistic regression analysis assessed the impact of various neuromuscular parameters on
gait speed. Multiple models were analyzed to deduce the combination of variables that best predicted
gait speed (Table 4).

Neuromuscular parameters of the plantar muscle during MVC are detailed in Table 2. While
there was no significant difference between the groups in terms of aPeak, the measures for a50 (p
<0.001; d =-1.09), a100 (p = 0.015; d =-0.78), and a200 (p <0.001; d = -1.24) were elevated in the CG
relative to the SOG. When normalized for BM, the metrics r50 (p <0.001; d =-1.80), r100 (p <0.001; d =
-2.89), and r200 (p <0.001; d = -3.13) were also heightened in the CG in comparison to the SOG.
Conclusively, RFD50/100 and RFD100/200 values were diminished in the SOG compared to the CG
(p <0.001; d =-2.31 and p <0.001; d = -1.10, respectively).

Gait speed demonstrated significant correlations with several neuromuscular markers (Table 3).
The strongest correlation was observed with RFDsoi00 (r = 0.84, p <0.001) Figure 4. Similarly, the
correlation with RFD1oo200 was also notably high with an (r = 0.83, p <0.001). Further associations
included r50 (r = 0.77, p <0.001), r100 (r = 0.66, p = 0.001), r200 (r = 0.75, p <0.001). However, when
considering normalized values to MVC, correlations between gait speed and r50/MVC (r=0.32, p =
0.164), r100/MVC (r = 0.26, p = 0.263), and r200/MVC (r = 0.35, p = 0.129) were less pronounced and
not statistically significant.

Table 4. Logistic regression analysis assessed the impact of various neuromuscular parameters on
gait speed in older adults with sarcopenic obesity .

UnstandardizedStandardized 95% confidence Model summa
Coefficients Coefficients interval for B odels y
Model B Beta Standard t lower upper R2 AdjustedStandard
error bound bound R? error
(Constant) -0.46 0.18 -2.58 0.019 -0.830 -0.08
RFDs0/100 (N/ms) 0 0.84 0 6.55 <0.001 0 084 07 0,69 0,06
. (Constant) -0,28 015 -1,89 ,076 -0,6 0,03
E 2 RFDso0/100 (N/ms) 0 0,51 0 3,61 ,002 0 0 0,91 0,82 0,8 0,05
<=  RFD1ozo0 (N/ms) 0 0,48 0 3,39 ,004 0 0
i (Constant) -0,51 0,14 -355 ,003 -0,81 -0,2
2 RFDso100 (N/ms) 0 0,51 0 4,45 <.001 0 0
g RFD100200 (N/ms) 0 0,35 0 2,8 ,013 0 0 0,94 089 087 0,04
rPeak (N) 0,14 0,29 0,05 3,06 ,008 0,04 0,24
(Constant) -0,47 016 -3,01 ,009 -0,81 -0,14

RFDsor100 (N/ms) 0 0,46 0 3,19 ,006 0 0 055 089 086 0,04
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RFD100/200 (N/ms) 0 0,38 0 2,58 022 0 0

50 (N) 0,3 0,1 042 071 ,487 -0,61 1,21
r100 (N) -0,15 -0,1 025 -057 ,575 -0,69 0,4
(Constant) -0,5 014 -352 ,003 -0,81 -0,2
RFDs0/100 (N/ms) 0 0,43 0 3,04 ,008 0 0

5 RFD100/200 (N/ms) 0 0,34 0 2,77 ,014 0 0 0,95 0,89 0,87 0,04

r200 (N) 0,12 0,14 011 1,07 ,302 -0,12 0,35
rPeak (N) 0,13 0,26 005 264 ,019 0,02 0,23

RFD: rate of force development, MVC: maximal voluntary contraction, a50, a1l00, a200: absolute peak force at 50,
100 and 200ms, r50, r100, r200: relative peak force at 50, 100 and 200 ms, aPeak: absolute peak force, rPeak:
relative peak force.

In the first model, with RFDso100 as the sole predictor, the equation was: Gait speed = - 0.46 + 0.84
RFDsonoo with R? = 0.7, indicating that approximately 70% of the variance in gait speed could be
explained by RFDsos100 alone (p <0.001). The second model combined RFDsos1i00 and RFD1oo200. In this
model, Gait speed = - 0.28 + 0.51 RFDsoj100+ 0.48 RFD1oor200, had an R? = 0.82, showing an improved
explanatory power over the first model. Both predictors were statistically significant (p <0.001). In
the third model, the equation was: Gait Speed = - 0.51 + 0.51 RFDs0100 + 0.35 RFD1ooz200 + 0.29 rPeak.
This model, with an R? = 0.89, included RFDso100, RFD10o200, with all three variables having a
significant influence on gait speed (p <0.001). The fourth model was more comprehensive and
included r50 and r100 alongside RFDsos00 and RFDioo200. However, while RFDsos100 and RFDioor200
remained significant (p <0.001), r50 and r100 did not significantly influence gait speed in this model.
The final model considered was: Gait Speed = - 0.5 + 0.43 RFDso100+ 0.34 RFD100200+ 0.26 rPeak + 0.14
r200. With an R?=0.90, this model, which incorporated RFDso/100, RED1001200, 1Peak, and r200, explained
90% of the variability in gait speed. However, only RFDso100, RFD10o200, and rPeak were significant
predictors in in this configuration. Among the assessed models, the third, which integrated RFDsos100,
RFD:1oo200, and rPeak, showcased the most compelling adjusted R? = 0.89. In this configuration,
RFDsonoo emerged as the predominant influencer on gait speed, accounting for 51% of its variance.
Concurrently, RFD1oo200 and rPeak contributed to 35% and 29% of the gait speed variation in the SOG
group, respectively.

4. Discussion

The primary aim was to discern the impact of obesity on neuromuscular markers of plantar
flexors in older adults. The findings underscored the significant influence of obesity on
neuromuscular parameters, particularly the RFD and relative maximal and submaximal force. Our
secondary objective delved into the relationship between these neuromuscular markers and gait
speed. Notably, RFD stood out as the predominant factor affecting gait speed, contributing to a
notable 51% of its variability, which notably surpassed the impact of relative maximal force.

Our study found that obesity had no significant impact on the absolute peak force generated by
the plantar flexor muscles, a finding consistent with the results of Maktouf et al. (2018), who also
observed no differences between older adults with normal weight and their obese counterparts [27].
However, when forces were normalized to body mass, both maximal and submaximal peak forces in
plantar flexors were notably lower. This is in alignment with multiple studies examining the effects
of obesity on young adults [28-30]. This phenomenon may be partially explained by the observations
of [31], who noted that the most significant impact of combined aging and adiposity was evident in
the rate of muscle volume loss. One plausible mechanism underlying this accelerated muscle loss is
that obesity exacerbates the challenges posed by sarcopenia [3,25]. It does so by exerting additional
mechanical stress on the musculoskeletal system, particularly due to the need to support elevated
adipose tissue weight [32]. Beyond serving as mere energy storage, adipose tissue is a dynamic
endocrine organ that secretes an array of hormones and pro-inflammatory cytokines, thereby
amplifying biochemical stress in the body [33]. Chronic adiposity results in elevated levels of
circulating pro-inflammatory cytokines such as TNF-a, IL-1a, IL-6, and CRP, which contribute to
both acute and chronic systemic inflammation [34]. These inflammatory agents negatively impact
skeletal muscle by promoting protein degradation over synthesis, ultimately leading to muscle
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wasting or atrophy [35]. Further complicating the scenario is the association between obesity and a
decline in anabolic hormones, specifically insulin-like growth factor-1 (IGF-1), which plays a crucial
role in muscle repair and growth [36].

The innovative aspect of this study centers on the assessment of the RFD, which we identify as
a crucial parameter for evaluating mobility in vulnerable populations. Our findings reveal a marked
influence of obesity on RFD metrics. Specifically, the values for RFDso100 and RFD1oo200 decreased by
5% and 13%, respectively, in the SOG when compared to the CG. In a related vein, Olmos et al. (2020)
highlighted that late rapid force parameters are disproportionately compromised in older adults
without obesity. Based on these observations, we propose that the detrimental effects on early rapid
force are likely obesity-specific in older adults with sarcopenia, while the impact on late rapid force
seems to exacerbate existing sarcopenia-related impairments. The impact of obesity on both early and
late rapid force in older adults with sarcopenia can be elucidated by examining multiple factors, such
as motor unit recruitment [37], intrinsic muscle properties [6,31], and systemic inflammation [3,35].
Early rapid force is predominantly associated with initial motor unit recruitment and firing rates, as
well as intrinsic muscle attributes such as fiber type composition and calcium kinetics [12]. Obesity
might specifically affect these early markers due to the increased mechanical stress it places on the
musculoskeletal system, thereby affecting the efficiency of motor unit recruitment and the contractile
properties of muscle fibers. Moreover, adipose tissue in obese individuals functions as a dynamic
endocrine organ, secreting an array of hormones and pro-inflammatory cytokines, like TNF-a, IL-1a,
IL-6, and CRP [35]. This heightened state of systemic inflammation could adversely affect early rapid
force by causing protein degradation to outpace synthesis, leading to muscle atrophy and reduced
contractile capabilities. On the other hand, late rapid force measures are more strongly influenced by
factors such as maximal strength, muscle size, tendon stiffness, and pennation angle [13]. Obesity can
exacerbate the loss of muscle mass—often referred to as sarcopenia—which is already compromised
in older adults with sarcopenia. The compounded effect of obesity and aging leads to a decline in
maximal strength and muscle size, which in turn, significantly impacts late rapid force measures. The
accelerated muscle loss may be further exacerbated by chronic inflammation and a decline in anabolic
hormones like insulin-like growth factor-1 (IGF-1), which are crucial for muscle repair and growth
[31,35].

Our study brings forth compelling evidence that the RFD is an invaluable predictor of gait speed,
especially among older adults with SO. When integrating variables such as RFDso/100, RED100/200, and
rPeak, we obtained an impressively high adjusted R? value of 0.89. Strikingly, the early rapid RFD,
represented by RFDsos00, was the dominant determinant, accounting for 51% of the variation in gait
speed within this vulnerable population. Additionally, RFDioo200 and rPeak contributed to the
explanatory power by 35% and 29%, respectively. These results are in harmony with earlier studies
on frail populations, which have demonstrated RFD to be an independent predictor of an array of
physical functions [6,38]. These include abilities as varied as rising from a chair, completing timed
"up and go" tests, and achieving both casual and maximal walking speeds in older adults with regular
weight [8]. Moreover, our findings echo other research that emphasizes the significant role of muscle
power, rather than mere muscle strength, in affecting walking velocity and, by extension,
susceptibility to falls [7,8].

A critical question that warrants discussion is why RFD is a more salient predictor of gait speed
than maximal force. One plausible explanation is that quick force generation could constrain an
individual's capacity to engage in rapid movements, especially in activities requiring sequential
agonist and antagonist muscle contractions, such as walking [9]. Many daily activities necessitate the
rapid application of force over a short duration—high RFD capacity, in other words. For instance, a
noticeable surge in force within approximately 200 milliseconds is essential when an older adult
stands up from a seated position [7]. Furthermore, the ability to avert a fall is not solely reliant on the
production of maximal force but is also contingent on the speed of motor response [39]. This
underscores the functional significance of the rate at which sub-maximal force can be generated, i.e.,
RFD. Hence, RED serves a dual role: it is not only a performance determinant in functional tasks that
demand more power than force but also a pivotal metric for assessing fall risk [8,9].
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4.1. Limitations and perspectives

Our study has several limitations that warrant attention. First and foremost, the small cohort
size restricts the generalizability of our findings, particularly given the heterogeneity often observed
in older adults and obese individuals. These populations can sometimes present a complex interplay
of factors, resulting in characteristics that may not be wholly reflective of those in our study sample.
Another key limitation lies in the non-utilization of electromyography (EMG), which could have
provided further insights into the neurological mechanisms involved in force development and
muscle function. The exclusion of this analytical tool leaves certain questions unanswered and calls
for additional research to elucidate these mechanisms more comprehensively. These limitations pave
the way for future studies aimed at addressing these gaps. Larger, more diverse cohorts should be
examined to confirm our findings and extend their applicability to broader populations.
Incorporating EMG and other neurophysiological measures in subsequent research could also offer
a more nuanced understanding of the interactions between obesity, aging, and neuromuscular
function. This would contribute to a more holistic view of how these factors influence mobility and
fall risk among older adults.

4.2. Practical recommendations

Considering our study's findings, which emphasize the critical role of the RFD in physical
function, clinicians are urged to integrate RFD measurements into their standard neuromuscular
assessments for a more nuanced understanding, particularly in vulnerable populations like older
adults with SO. Based on this comprehensive evaluation, tailored intervention programs should be
designed to improve RFD and thereby enhance essential functional capacities, such as walking speed.
Instead of solely focusing on maximal force, exercise regimens should prioritize muscle power and
RFD, incorporating high-intensity, explosive movements that mimic real-world scenarios requiring
rapid force generation. This approach is particularly pertinent for fall prevention programs, as RFD
is a significant predictor of fall risk.

5. Conclusions

This study provides an in-depth exploration of the complex relationship between obesity,
neuromuscular performance indicators, and functional mobility in older adults with sarcopenia. Our
findings reveal that obesity has a pronounced negative impact on the RFD. Specifically, the adverse
effects on early rapid force appear to be obesity-specific in this older population, while also
exacerbating the existing impairments related to sarcopenia in late rapid force. Significantly, RFD
emerges as the dominant factor influencing gait speed, accounting for an impressive 51% of its
variability, far surpassing the impact of relative peak force. This underscores the critical diagnostic
and prognostic role that RFD could play in the management of this vulnerable population.
furthermore, rather than concentrating exclusively on improving maximal force, physical exercise
regimens should prioritize boosting muscle power to better address the nuanced challenges faced by
older adults with sarcopenia and obesity.
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