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Introduction: Exercise and nutrition are the best targets to tackle mobility issues in 
community-dwelling older adults. As exercise response relies on multiple factors, improving 
the understanding of their interactions is a necessity to tailor effective preventive strategies. 
Based on a prevention care path designed for community-dwelling older adults with mobility 
disability risk, our main goal was to determine the predictive factors of the response to 
a multimodal intervention, combining structured exercise training and nutritional counsel-
ling. Thus, this study aimed to tailor prevention programs for non-responder participants.
Methods: We analyzed the response of participants to a prevention program and built 
a multivariate predictive model to highlight the profile of the best responders. The model 
was based on the likelihood of at least 1 point of short physical performance battery (SPPB) 
score gain. Inclusion criteria were being aged ≥70 years and having completed 
a multicomponent group-based supervised training consisting of 20 sessions (10 weeks).
Results: A total of 103 participants were included, their mean ± SD age was 81.9 ± 5.7 
years. The model demonstrated interactions between baseline SPPB score (OR=0.42; p < 
0.001), body mass index (BMI; OR=0.82; p=0.003), and grip strength value (OR=1.15; 
p=0.008). The highest probability of response was found for participants with low SPPB, 
normal BMI (21 kg/m2), and high grip strength (27 kg).
Conclusion: This study demonstrated that the response to a multimodal intervention in 
community-dwelling older adults with mobility disability risk was influenced by the baseline 
SPPB score, BMI, and grip strength value. To increase the proportion of responders, 
strategies that could be more effective include constituting more homogenous group, and 
implementing a specific approach for obese sarcopenic older adults and those with low grip 
strength by increasing the dose of physical activity and monitoring endurance and mobility 
activities between sessions. Our results provide important consideration for the development 
of targeted-interventions.
Keywords: exercise, nutrition, prevention, responders profiles

Introduction
The proportion of older adults is growing rapidly in the global population, while the 
health span only improves slowly.1 Therefore, one of the main challenges of aging 
is to prevent the onset of mobility disability and the associated syndromes. 
Sarcopenia stands out among the prognosis factors for mobility disability.2 This 
pathologic condition associates loss of strength and muscle mass.3 Recent studies 
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including large population samples have demonstrated that 
a substantial proportion of community-dwelling older 
adults have sarcopenia.4 Advancing age also leads to the 
development of sedentary behaviors with an increase of 
functional limitation,5 which favor mobility disability,6 

sarcopenia7 and consequently a worsening of the quality 
of life.8

Screening the risk of mobility disability in community- 
dwelling older adults is a necessity to develop preventive 
strategies and to detect early stages of sarcopenia.4,9 

A sustained intervention integrating multidisciplinary 
actions and combining physical exercise and nutrition 
has been recognized as an effective strategy for the care 
of sarcopenic older adults in loss of mobility.10–12 

Designing this specific intervention in prevention care 
paths remains essential as it can be transposed into the 
daily life of older adults in community-dwelling.13–15 

These lifestyle programs also aim to engage the participant 
in health-related behaviors to preserve mobility, reduce fall 
incidence, and increase walking time.13,14,16

Although strong evidence has been reported suggesting 
the benefits of exercise to struggle sarcopenia and mobility 
disability, the variability of responses to exercise remains 
unclear.17–19 As a result, it is essential to determine the 
predictive factors of exercise responders in order to orien-
tate patients towards appropriate protocols. Establishing 
responder profiles could guide clinicians to optimize indi-
vidual responses and adaptations. These issues represent 
a deep concern for developing preventive strategies 
through targeted-interventions.

Based on a pre-existing preventive care path experi-
enced in daily life by community-dwelling older adults, 
the main goal was to determine the predictive factors of 
the response to a multimodal intervention, combining 
structured exercise training and nutritional counselling. 
Thus, this study aimed to tailor prevention programs for 
non-responder participants. We hypothesized that baseline 
physical function and other baseline characteristics are 
prone to predict a functional response to a structured and 
supervised exercise intervention.

Study Design and Methods
Prevention Care Path
“Comfortable on my legs” is a primary and secondary pre-
vention care path designed for community-dwelling older 
adults since 2014 (Figure 1). This care path aims to reduce 
the risk of mobility disability by restoring functional and 

physical capacities of older adults over 70 years old. The 
screening of the older adults at risk of mobility disability 
was managed by communal social welfare centers, primary 
care practitioners, and prevention centers. To this end, they 
used 11 criteria based on the SARC-F questionnaire (fear of 
falling, at least one fall within the last 12 months, difficulty 
to raise from a chair, difficulty to climb one floor or 10 steps, 
walking disorder, feeling of low strength, physical activity 
<30 minutes per day, involuntary loss of weight, BMI 
<21 kg/m2, fatigue during moderate physical activities, 
inability to walk 400 meters without stopping).20 Meeting 
at least one screening criterion was sufficient for a visit 
in day-hospital (Hôpital Lyon Sud, Hospices Civils de 
Lyon, France) to be proposed, in order to accurately assess 
the risk of mobility disability. This risk was assessed during 
a multidimensional consultation (medical, physical, and 
nutritional) with 3 professionals (geriatrician, dietician, and 
kinesiologist). Each participant received nutritional counsel-
ling from a trained dietician. Participants diagnosed with at 
least one mobility disability risk factor were orientated to 
a group-based structured exercise intervention (8 partici-
pants per group maximum) consisting of 20 sessions (two 
1-hour sessions per week) supervised by trained kinesiolo-
gists. Participants with severe disabilities (ie, short physical 
performance battery [SPPB] score <5, high cardiovascular 
risk, heavy locomotive handicap, high cognitive impairment, 
or dementia) were orientated to other specialized profes-
sionals (such as physiotherapists). At the end of interven-
tions, a reassessment was made in day-hospital. A referral to 
partner structures, as well as a provided individualized book-
let of exercises, allowed participants to maintain an appro-
priate level of physical activities after interventions, 
according to ACSM recommendations.21 The care path is 
composed of both nutritional and physical dimensions, 
which is very close to the Integrate Care for Older People 
(ICOPE) recommendations for older adults physical auton-
omy promoted by the WHO.22

Participants
Participants were recruited from a cohort of 420 older 
adults living in Lyon urban area (France) between 2016 
and 2020. The inclusion criteria were: being aged ≥70 
years, having been diagnosed with mobility disability 
risk at initial assessment, having been reassessed 3 
months after intervention, and having completed the 20 
collective sessions (Figure 2). Among the participants 
who completed the collective sessions, participants not 
meeting the inclusion criteria, having an SPPB score <5, 
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displaying erroneous values after assessments, or provid-
ing an opposition form were excluded. This study was 
approved by the scientific and ethical committee of the 
Hospices Civils de Lyon (France) in January 2021 (n° 
21_051, NCT 04798404). This study complies with the 
Helsinki Declaration. After receiving detailed informa-
tion, all study participants gave their informed consent.

Exercise Intervention
The intervention conducted was a progressive multicom-
ponent training protocol. Sessions involved functional 
exercises, muscular reinforcement performed at body- 
weight or with small materials (elastic bands or dumb-
bells), balance exercises, and adapted sport and physical 

activities. Progression was based on an increase in work-
load (or in muscle strains). The workload was considered 
as the interaction between intensity and volume of exercise 
(set x repetitions). Intensity was based on effort tolerance, 
modulate by contraction regimen, velocity, and load (elas-
tic band stiffness). Participants were encouraged to repro-
duce exercises at home once they were correctly 
performed in supervised collective sessions.

Trained kinesiologists supervised the collective train-
ing sessions. As most of the participants were poly- 
pathological, the adaptability of sessions was essential. 
Therefore, the goal of the kinesiologist was to provide 
educative instructions in order to accompany participants 
towards a safe and autonomous practice of adapted 

Severe disabilities
Other specialized professionals

Screening mobility disability risk
Communal social welfare centers, 

primary care and hospital 
practitioners prevention centers

Consultation in day hospital to 
confirm risk factors

First assessment
Dietician, Geriatrician, Kinesiologist

No risk factors
Advices to maintain 

habits

Group-based intervention 
20 sessions

10 weeks, twice a week, 2h per week

Other interventions a

Home-based training
Into physical activity associations partners

New consultation in Day Care Hospital at 3 months
Second assessment (identical to the first one)

Relay of intervention into physical 
activity associations or partners

Phone calls follow-up at 6 
and 12 months

Declined the intervention
Advices to raise awareness

.

Figure 1 Care path description. aWhen the participant could not attend the collective sessions.
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physical activities. The equipment required for the ses-
sions was simple to use and affordable (elastic band or 
dumbbells) and could easily be used at home.

The sessions were organized as follows: [1] 10 minutes 
of general warm-up of the body, involving joint mobiliza-
tion, [2] 30 minutes of combined resistance and balance 
exercises, [3] 15 minutes of static and dynamic balance 
exercises, based on adapted physical and sport activities 
(basketball, badminton, …), and [4] 5 minutes of stretch-
ing or cooling down. Exercises were performed sitting or 
standing near a chair to avoid imbalance.

The training followed a 3-phase chronology (Figure 3) 
as it is generally admitted that nervous and morphological 
training adaptations have different temporalities.23–26

The 1st Phase Took Place During the 1st and 2nd 
Weeks
The aim was to get participants back in motion as most of 
them were sedentary. During this phase, kinesiologists 

provided close attention to participant posture and techni-
que. Exercises involved mostly functional exercises or 
global multi-joint movements. The intensity targeted at 
this stage was low to moderate, and exercises were per-
formed using body weight or light loads. The volume of 
each exercise was around 2 to 3 series for 6 to 10 
repetitions.

The 2nd Phase Took Place During the 3rd, 4th, and 
5th Weeks
Sessions were intensified with a progressive increase in 
both intensity and volume, and consequently in the mus-
cular constraints. A close attention was paid to exertion 
tolerance. The exercises consisted of 2 to 3 series of 8 to 
15 repetitions with a recovery time of about 30 seconds to 
1 minute between each series. Isometric work lasted 30 
seconds with a recovery time of 15 seconds. In order to 
begin dynamic balance tasks, 15 minutes of adapted phy-
sical activities were added.

Initial assessment in day hospital 
(m0)

n= 420

Final assessment at 3 months of 
intervention (m3) 

n= 166

Group-based intervention
n= 118

Participants who met 
inclusion criteria

n= 103

No participation in the care path
n= 126

No risk: 53
Declined: 26

Declined for transport reasons: 25
Severely disabled: 22

Not reassessed
n = 128

Intervention in progress: 59
Interrupted the intervention: 40

Long lost: 29

Excluded from inclusion
n= 15

Displayed erroneous data: 9
SPPB <5: 4

Provided opposition form: 2

Figure 2 Participants flow.
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The 3rd Phase Started on the 6th Week
Exercises involved high velocity concentric contractions 
during the beginning of the movement, then slowed and 
controlled eccentric contractions at the end of the move-
ment. At the beginning of this phase, the training volume 
was slightly reduced to fit with the effort tolerance of 
participants. This work was also supplemented with dual- 
task exercises containing a cognitive component.

Assessments
Main Outcome
The primary outcome was assessed using the SPPB score, 
evaluating the physical function of the lower limb in older 
adults.27 It was assessed during both visits at the day- 
hospital. The functional response to exercise was defined 
as the change in SPPB score. One point of positive change 
in this score was considered as clinically significant to 
prove a change in the functional status.27 Participants 
were asked to complete three tests supervised by 
a doctor: a static balance test, a 4-meter gait speed test, 
and the time required to perform 5 sit-to-stands as quickly 
as possible. Depending on the results of each subtest, 
a score was calculated and compared to a scale from 0 to 
12. A score ≤8 was considered as a high risk of mobility 
disability and as a factor of severe sarcopenia according to 

European Working Group of Sarcopenia in Older People 2 
(EWGSOP 2) criteria.3

Secondary Outcomes
Secondary outcome assessments were collected at initial 
and final assessments in day-hospital.

The gait speed was assessed with the 4-meter walking 
test. A gait speed ≤0.8 m/s was considered as a factor of 
severe sarcopenia.3

The Timed-up-and-Go (TUG) test was used to evaluate 
the functional capacity of the older adult. A time ≥20 
seconds was considered as a factor of severe sarcopenia.3

The Grip Strength (GS) test was used to estimate the 
strength of the upper limbs. The GS was assessed using 
a hydraulic hand dynamometer model SH5001 (SAEHAN 
Corporation, Yangdeok-Dong, North Gyeongsang, South 
Korea), with the dominant arm placed at 90° and the 
elbow at the side of the body.28 Three measures were 
performed to determine the mean GS. For women and 
men, a score <16 kg and <27 kg, respectively, were con-
sidered as a low strength of the upper limb and a criterion 
of probable sarcopenia.3

The 5-repetition Chair Stand Test (CST) from the 
SPPB was used to estimate the lower limb strength 
among older adults.3,29 For women and men, a score >15 

W10W5

W
or

k 
Lo

ad

Weeks
W2

Initial
assessment

Final assessment
and relay

Learning 
phase

Controlled concentric, 
isometric and balance 

phase

Power velocity and balance phase

Figure 3 Training phases.
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seconds was considered as low strength of the lower limb 
and a criterion of probable sarcopenia.

The dietician assessed the Body Mass Index (BMI) of 
each participant.

Additional Assessments
The risk of mobility disability was confirmed when at least 
one of these factors was diagnosed: sarcopenia at least 
probable, report of at least one fall within the last 12 
months prior to the initial assessment, usual gait speed 
≤0.8 m/s, or score <6 on the Rapid Assessment of 
Physical Activity (RAPA) questionnaire.

The diagnosis of sarcopenia was made using the 
EWGSOP2 algorithm.3 Low muscle strength and low 
muscle mass were criteria to confirm the presence of 
sarcopenia. Additionally, low physical performance was 
the criterion to diagnose a severe sarcopenia case. 
A sarcopenia case at least probable, with only low muscle 
strength assessed, was considered sufficient to trigger the 
intervention.

Skeletal Muscle Mass measure was derived by Bio 
Impedance Analysis (BIA), (Bodystat, QuadScan 4000, 
Isle of Man, British Isles) and was managed by the trained 
dietician at each visit. Muscle mass estimation was defined 
using the Skeletal Muscle Index (SMI; using Janssen 
equation, dividing the adjusted appendicular muscle mass 
by the height squared).30 Cut-off points were defined as an 
estimated SMI ≤6.42 kg·m2 for women and ≤8.87 kg·m2 

for men.31

The level of physical activity was assessed using the 
RAPA score.32 Kinesiologists managed the filling of the 
questionnaire for participants. Participants with a score ≥6 
were considered as regularly active, participants with 
a score ranging from 3 to 5 were considered as under-
active, and participants with a score <3 were considered as 
sedentary.

Statistical Analysis
Variables were expressed as mean ± standard deviation (SD) 
or count (percentage). The means before and after the exer-
cise intervention were compared using paired t-tests for each 
analyzed variable. Then, a logistic regression model was 
used in which a positive functional response to exercise 
(gain of at least one point of SPPB score) was regressed on 
the following baseline characteristics: SPPB score, age, sex, 
BMI, GS, gait speed, TUG, and CST. A multivariate model 
was selected using a forward selection procedure based on 
the likelihood ratio test (LRT): starting from the null model, 

the most statistically significant covariate according to LRT 
was added to the current model. When a covariate was not 
statistically significant (p < 0.05), the procedure ended. 
Interaction terms between selected covariates were also con-
sidered for entering the final model (Table 1). The model 
interpretation was based on 3 stratifications by GS and BMI. 
GS was stratified with the thresholds defined in the 
EWGSOP2 algorithm, ie, 27 for men and 16 for women, 
and 10 for the weakest participants (in the lowest tertile of 
functional outcomes according to Taekema et al).33 BMI was 
stratified into 3 different values: 21 kg/m2 for normal-weight 
participants, 25 kg/m2 for overweight participants, and 30 kg/ 
m2 for stage-1-obese participants. All statistical tests and 
analyses were performed using R software.34

Results
Baseline Characteristics
The population study was composed of 103 participants, 
their mean ± SD age was 81.9 ± 5.7 years, and there were 
71 female and 32 male participants (Table 2). All partici-
pants presented mobility disability risk factors after initial 
assessment. Among the 76 participants who met the diag-
nostic criteria for sarcopenia, 2 (2.6%) had probable sar-
copenia, 11 (14.5%) had sarcopenia, and 25 (32.9%) had 
severe sarcopenia (Table 2). The remaining 38 (50.0%) 
non-sarcopenic participants reported at least one fall in the 
last 12 months, or were scored as underactive using the 
RAPA questionnaire, or had a low gait speed. Overall, the 
population was considered as sedentary regarding the 
RAPA questionnaire (2.7 ± 1.4). There were 52 (50.2%) 
fallers (ie, report of a fall during the last 12 months prior 
to the initial assessment), which corresponded to a mean ± 
SD of 2.1 ± 2.2 falls per fallers. Protein intake was 
insufficient for 61 (75.3%) participants regarding baseline 
needs, ie, for 18 (75%) male participants and 43 (61.4%) 
female participants.

Changes in Physical Performance and 
Functional Status After the Group-Based 
Exercise Intervention
Significant improvements were observed after the interven-
tion for SPPB score (p < 0.001), gait speed (p < 0.001), TUG 
performance (p < 0.001), and GS in women (p < 0.001). The 
baseline GS of women was 15.8 ± 4.2 kg (Table 2), which 
were indicative of low performances in terms of upper body 
strength. A significant increase (p < 0.01) was observed in 
GS after the intervention in women (17.00 ± 4.6 kg) who 
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were then above the threshold (16 kg). GS values for men did 
not change significantly (p=0.856) and remained stable (27.6 
± 7.3 kg at baseline and 27.4 ± 6.4 kg after the intervention) 

and above the threshold of low upper body strength (27 kg). 
Overall, there was no statistical difference in the time 
required in CST (p=0.697) between initial and final assess-
ment. Nevertheless, this value remained stable (14.3 ± 4.6 
s at baseline and 14.08 ± 4.9 s after the intervention) and still 
below the threshold of diminished lower limb strength (15 s).

Changes in SPPB Score
After excluding the 15 participants who had a maximal 
SPPB score, 49/88 (56%) participants increased their 
SPPB score. Among the 39/88 participants who did not 

Table 1 Odds Ratio of the Selected Model

Predictors OR a CI b p

(Intercept) c 0.80 [0.44; 1.43] 0.459

SPPB d 0.42 [0.28; 0.58] <0.001

BMI e 0.82 [0.72; 0.93] 0.003

Grip Strength 1.15 [1.04; 1.29] 0.008

BMI * Grip Strength 0.98 [0.96; 1.00] 0.075

Notes: aOdds Ratio. bConfidence Interval 95%. cOdds. dShort Physical Performance 
Battery. eBody Mass Index. Significant interactions (p<0.05) are presented in bold.

Table 2 Population Characteristics at Initial Assessment (n=103)

Total n=103 Women n=71 Men n=32

Age, y 81.9 ± 5.7 81.7 ± 6.2 82.3 ± 4.5

Weight, kg 70.8 ± 15.0 62.3 ± 14.0 81.0 ± 11.9

Height, cm 159 ± 17.4 157.3 ± 5.8 162.9 ± 30.3

BMI, kg/m2 a 27.2 ± 4.8 26.8 ± 5.1 28.3 ± 4.0

SMI, kg/m2 b – 6.09 ± 1.05 8.43 ± 1.25

RAPA (/10) c 2.7 ± 1.4 2.5 ± 1.4 3.1 ± 1.4

Fallers, n (%) d 52 (50.5%) 35 (49.3%) 17 (53.1%)

Number of falls per 

faller

2.1 ± 2.2 2.3 ± 2.6 1.6 ± 1.3

Grip strength, kg – 15.8 ± 4.2 27.6 ± 7.3

Chair Stand Test, s 14.3 ± 4.6 14.9 ± 4.8 12.8 ± 3.8

Gait speed, m/s 0.91 ± 0.27 0.86 ± 0.28 1.03 ± 0.21

TUG, s 14.5 ± 6.1 15.1 ± 6.8 13.3 ± 4.0

SPPB, /12 9.5 ± 1.9 9.1 ± 2.0 10.2 ± 1.6

Protein needs, g/ 

per day

74.7 ± 11.4 70.2 ± 9.6 85.4 ± 7.7

Protein intake, g/ 

per day

64.1 ± 13.1 60.5 ± 10.1 72.6 ± 15.4

Sarcopenia, n (%) e NS PS S SS NS PS S SS NS PS S SS

38 

(50.0%)

2 

(2.6%)

11 

(14.5%)

25 

(32.9%)

23 

(49.4%)

1 

(1.9%)

7 

(13.2%)

22 

(41.5%)

15 

(65.2%)

1 

(4.3%)

4 

(17.4%)

3 

(13.0%)

Notes: Quantitative variables are expressed as mean ± standard deviation, qualitative variables are expressed as count (percentage). aBody Mass Index. bEstimated Skeletal 
Muscle Index by bio impedance analysis (BIA). cRapid Assessment of Physical Activity questionnaire. dAt least one fall (traumatic or not) within the last 12 months. eDiagnosis 
was possible for 76 participants regarding EWGSOP2 algorithm; diagnosis was not possible when BIA was dysfunctional (n=15), and for participants with both BMI >31 and 
low physical performance (n=9). 
Abbreviations: NS, no sarcopenia; PS, probable sarcopenia; S, sarcopenia; SS, severe sarcopenia.
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increase the SPPB score, 27 (69%) had a stable score, and 
12 (31%) had a decreased score.

Predictive Model
The covariates SPPB, BMI, and GS were centered on their 
median values (10, 26 kg/m2, and 17 kg respectively). In 
the final model (Figure 4), odds ratio is reported in 
Table 1. Besides these odds ratios, the model predicts an 
odd of 0.80 for an individual with an initial SPPB score of 
10, BMI of 26 kg/m2, and GS of 17 kg to gain at least one 
point in the SPPB score, which corresponds also to 44% 
probability. For a median value of GS of 17 kg, when the 
initial SPPB score increased by one point, the odds of gain 
were multiplied by 0.42, whereas when BMI increased by 
one point, the odds were multiplied by 0.82 (Table 1). Due 
to the interaction term, however (Table 1), the effect of 
BMI slightly weakened for the highest GS values.

The probability of gain decreased for higher BMI 
values. In contrast, a higher initial GS resulted in 
a higher probability of gain. The probability of gain 

diminished with a higher initial SPPB score. However, 
this effect was almost imperceptible in thinner and stron-
ger individuals (BMI = 21 kg/m2 and GS = 27 kg, 
Figure 4).

Discussion
These results provided the profiles of responders to 
a structured and supervised exercise intervention within 
a preventive care path designed for community-dwelling 
older adults at risk of mobility disability. The model intro-
duced demonstrated that the gain in SPPB score was 
influenced by the baseline BMI and GS value.

An association was found between the baseline SPPB 
score and BMI, which highlights a negative effect of 
a high BMI on the probability of improvement in the 
SPPB score. High adiposity may have blunted the positive 
effects of the exercise intervention. These findings are 
consistent with studies whose evidence has emphasized 
that a high BMI (≥30 kg/m2) was associated with a poor 
probability of change in physical function.18,35 Besides, 

Figure 4 Prediction related to the selected model.
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low GS value and high BMI have also been associated 
with an increased risk of functional decline,36 but their 
relationship with exercise responsiveness remains to be 
investigated.

Further analyses showed a surprising positive effect of 
baseline GS on the change in SPPB. In other words, higher 
GS values led to a higher probability of gain in SPPB 
score, whereas lower values led to a lower probability of 
gain. Additionally, higher baseline BMI and low GS value 
were associated with a greater decrease in probability of 
gain, while the adverse effect of a high BMI was less 
pronounced in participants with higher GS. Mechanisms 
explaining the influence of baseline GS value in exercise 
responsiveness remain uncertain. Grip strength is 
a maximal isometric voluntary contraction, and it is well 
known that the loss of maximal strength with age is mainly 
caused by neuromuscular remodeling within the muscle.37 

Thus, a high GS value may reflect, in a way, neuromus-
cular effectiveness. Indeed, GS value has been found mod-
erately associated with overall muscle strength in older 
adults.3,31,38 Therefore, one potential and physiological 
cause of this GS positive effect could be a preserved 
neuromuscular system that could provide better adapta-
tions to exercise. Indeed, improvements induced by short- 
term resistance and functional training in older adults are 
mainly resulting from neuromuscular adaptations.17,39 To 
confirm these assumptions, it would also be interesting to 
test the maximal voluntary strength of the lower limb to 
potentially highlight the same positive effect as demon-
strated by Porto et al.38 Deeper investigations are needed 
to explore the influence of the neuromuscular system on 
the response to exercise.

Regarding the baseline profiles of participants, the 
model stressed paradoxes. Participants with poor physical 
function but high GS value might present mobility, neuro-
sensory, or balance impairments that might explain their 
low SPPB score. On the opposite, some participants had 
high physical function and low grip strength. Although 
these profiles appear to be controversial, their poor chance 
of response can be explained mainly by the ceiling effect 
of the baseline SPPB score. Conversely to baseline GS 
value, higher SPPB scores exhibited a negative effect on 
the chance of response. The SPPB score represents a more 
complex set of elements, which are not limited to the 
quality of the neuromuscular system and may conse-
quently be related to less adaptations to exercise. Interest 
towards GS for mobility disability management is growing 
up constantly,40 and further studies will be needed to 

pursue its role in older adults at risk of mobility 
disability.41

Other factors may also be related to the probability of 
response to the structured exercise intervention conducted. 
Lavin et al have demonstrated that the heterogeneity of 
response to resistance exercise highly depends on modifi-
able factors, such as functional capacity, and non- 
modifiable factors, such as age.17 They have shown that 
octogenarians often displayed limited adaptations to resis-
tance training. However, in this model and despite a mean 
age above 80 years, age was not significantly associated 
with the change in SPPB score, meaning that the gain was 
possible regardless of age.

The response to exercise is also highly dependent on 
the type of training conducted. Several literature reviews 
and meta-analyses have identified different training meth-
odologies to be applied for older adults.39,41–45 Progressive 
resistance training represents an effective strategy to elicit 
gain in lean body mass,46 improve physical function,47 and 
enhance muscular strength.48 Overall, the main differences 
between these training programs lie in the workload, the 
intensity, and sometimes in the contraction regimes.39,49,50 

As a result, the present study focused on those 3 determi-
nants to monitor training progression.

The present study showed that at the end of the exer-
cise intervention, the highest probability of improvement 
in the SPPB score was obtained in participants with 
a higher level of GS and normal BMI at baseline. This 
better understanding of factors involved in the response to 
a functional and resistance exercise intervention could lead 
to improve training adaptations to obtain the best indivi-
dual results in older adults at risk of mobility disability. 
The type and dose of physical activity are the best targets 
to improve individual responses, particularly among parti-
cipants with low GS value and high BMI.

It may be beneficial to adapt the type of physical 
activity while using endurance sessions as a complement 
of resistance training to improve adaptations.39 The endur-
ance component, combined with different types of exer-
cises (resistance, functional, power, balance), enhances the 
response to training on mobility, balance, strength, power, 
muscular hypertrophy, cardiorespiratory function, and 
reduces the risk of fall.42,51–54 To add an endurance com-
ponent, authors have proposed to walk (minimum 30 to 35 
minutes 3 times per week49 or 30 minutes of brisk walking 
once a week55) or to practice biking on cycle-ergometer 
during 13 minutes at 60% to 85% of the reserve heart rate 
3 times per week.56 In obese sarcopenic older adults who 
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participated in a controlled weight-loss program, Villareal 
et al's findings have demonstrated that a greater increase in 
physical function was observed after a combination of 
endurance and resistance training.57

The dose of physical activity is considered as the 
absolute level of physical activity practiced. Participants 
who did not increase their performance may need a greater 
dose of physical activity. This hypothesis is supported by 
Fielding et al who have highlighted a dose-dependent 
effect of physical activity in the change of SPPB score, 
as well as in the onset of mobility disability risk at 24 
months of follow-up.58 Consequently, a sustained follow- 
up of endurance activities (walking, biking) should be 
proposed to reduce sedentary behavior between training 
sessions with a follow-up of daily mobility exercises per-
formed at home and behavioral strategies. Additionally 
and because of heterogeneity within groups, the dose of 
exercise performed may have been insufficient for partici-
pants with high baseline physical function. Thereby, the 
constitution of groups should be homogenized by taking 
into account various physical parameters (RAPA score, 
physical activity experiences, physical performance …) 
and functional limitations (pain, injuries …) in order to 
optimize the dose of exercise required for each one. As 
stated previously, the volume and intensity of exercises are 
essential components to enable adaptations, as long as they 
are adapted to the needs, abilities, and effort tolerance of 
each individual. Thus, forming homogeneous groups could 
enable participants to reach a sufficient and adapted work-
load per session to induce adapted muscular constraints 
and thus promote greater neuromuscular and architectural 
adaptations to training.

In summary, combining these different adaptations 
may increase the proportion of responders and at the 
same time improve the response to exercise for 
participants.

Nutrition also plays a major role in a complementary 
way. Indeed, the present study clearly underlined the 
negative impact of obesity on exercise response. 
Although this intervention was well tolerated, it may 
not be adequate in the first place for participants with 
BMI of 30 or more. Although authors have suggested 
that a controlled weight loss may be an adjuvant therapy 
for improving responsiveness to exercise,11,36 this may 
not be appropriate for obese older adults and in particu-
lar for obese sarcopenic patients. Indeed, energy deficits 
by acute calorie restriction may worsen the loss of mus-
cle mass induced by sarcopenia.36,59 Therefore, it is 

crucial to strictly adjust protein supplementation in 
obese sarcopenic patients undergoing restricted caloric 
intake programs.36 It demands sustained and pragmatic 
strategies, which require additional clinical evidence to 
prove its efficacy.36 Moreover, we were able to show that 
the protein intake was insufficient in about three-quarter 
of participants, and it is now currently accepted that the 
combination of protein intake and exercise acts synergis-
tically and allows a better response to training.36,60,61

Clearly, our objective was not to show the effective-
ness of our program that was inspired by models that have 
already proven their effectiveness but to objectivize the 
factors that lead to a better response to exercise based on 
a prevention program implemented in real-life settings. 
Several limits, however, should be underlined. The num-
ber of participants who were reassessed remains limited 
and the results come from a single center, which makes it 
difficult to generalize the results. There was no significant 
interaction between sex and the change in the SPPB score, 
despite the fact that higher GS values concerned men. This 
result remains unclear and requires further investigations. 
The SPPB score has limits as the ceiling effect does not 
take into account the progress made by participants with 
a maximal score at baseline. Sayers et al have advocated to 
rather assess the 400-m walking test for high functioning 
patients as they have shown less physical performance 
discrimination.62 Notwithstanding, participants with high 
baseline physical function (SPPB 10–12) were included 
because they presented other mobility disability risk fac-
tors, such as falls or a sedentary lifestyle.

In conclusion, the present study demonstrated that the 
response to a structured and supervised multimodal inter-
vention in community-dwelling older adults with mobility 
disability risk was influenced by the baseline SPPB score, 
the baseline BMI, and the baseline GS value. Participants 
who presented low SPPB score, normal BMI, and high GS 
value had the best likelihood of response. The relationship 
between GS value and its effect on exercise response 
remains unclear. These results provide important conclu-
sions for the development of targeted-interventions in pre-
vention programs. To increase the proportion of 
responders, strategies that could be more effective include 
constituting more homogenous group and implementing 
a specific approach for obese sarcopenic older adults and 
those with low grip strength by increasing the dose of 
physical activity and monitoring endurance and mobility 
activities between sessions. Preventive care paths for 
mobility disability risk represent a major challenge in 
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primary and secondary care. Further investigations to com-
plete the responder profiles will improve the effectiveness 
of these interventions promoted by the WHO.
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