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Abstract

Background: The ProMuscle in Practice intervention, comprising resistance exercise and an increased protein intake, was effective in improving
muscle strength, lean body mass, and physical functioning in older adults aged 65 years and older (N = 168). However, a heterogeneous
response to such interventions is common. Therefore, we explored the differences in responsiveness to the intervention in subgroups based on
demographic characteristics and mobility-impairing disorders.

Method: Multiple regression analyses were performed to study mean changes between baseline and 12 weeks on the Short Physical
Performance Battery, chair rise test, lean body mass, knee extension strength, leg press strength, and leg extension strength. The interaction
term Treatment x Subgroup was included to study differences in effects between subgroups. Subgroups comprised age (<75 vs >75 years), sex
(men vs women), presence of frailty, presence of sarcopenia, and presence of osteoarthritis.

Results: A significant interaction effect including age was found on lean body mass (= -0.8; 95% CI: -1.5, -0.2), favoring participants
aged 75 years and younger. A significant interaction effect including sex was found on leg press strength (f = 15.5; 95% CI: 0.6, 30.3), favoring
women. Participants with or without frailty, sarcopenia, or osteoarthritis responded equally to the intervention in terms of absolute effects.
Conclusions: Participants aged 75 years and younger and women benefited to a great extent from the intervention, as they improved
significantly on nearly every outcome. Effects in participants with and without a mobility-impairing disorder were comparable, indicating that
the intervention is suitable for both groups.
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Interindividual variability regarding health characteristics, such as
functional status, mobility, and weight status, increases over the life
course (1,2). This contributes to a heterogeneous older population,
with the rate and consequences of the ageing process being different
between individuals (3-6). One of those consequences is an impaired
mobility, which is often the beginning of further functional decline
(7-10). As the proportion of older adults is growing rapidly, it is

© The Author(s) 2021. Published by Oxford University Press on behalf of The Gerontological Society of America.

important to delay or rather prevent the onset of functional decline
(8,9,11).

An effective strategy in improving older adults’ physical func-
tioning and mobility is the combination of resistance exercise
(RE) and protein supplementation (PS) (12-14). Although a re-
cent study showed that there are no nonresponders to RE among
older adults (15), several meta-analyses reported that differential
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effect sizes and heterogeneity in responsiveness to RE and PS is
common (13,14,16,17). On the one hand, the varying effects can
be explained by heterogeneity in interventions, such as duration
of the intervention, type of training sessions, and type, dose, and
timing of PS. On the other hand, variation in effect sizes can be
due to heterogeneity in study populations, including differences
in age, sex, health status, and training status of the participants
(13,14,16,17).

Several studies investigated the role of age and sex in the het-
erogeneous RE response (15,18,19). However, findings remain in-
conclusive, showing either no differences for age and sex groups
(18), or sex-related differences favoring either men or women de-
pending on the outcome studied (15,19). Interventions combining
RE and PS also show inconsistent results in subgroups based on
age or sex. A recent meta-analysis reported a higher increase in
fat-free mass (FFM) in younger compared to older adults (<45 vs
>45 years) (20), whereas another meta-analysis found no signifi-
cant differences among subgroups based on age but reported a
higher increase in FFM in the older subgroup (<65 vs >635 years)
(21). A meta-analysis comparing intervention effects between
men and women showed greater changes in lean body mass and
leg strength in men compared to women (14), whereas 2 other
meta-analyses reported no clear sex-based differences (20,21).
However, the number of studies investigating the effects of RE
and PS in women is limited, which complicates adequate com-
parison (14,20,21).

Varying effects in muscle health in response to RE and PS are also
found in older adults suffering from mobility-impairing disorders,
such as frailty, sarcopenia, and osteoarthritis. Although numerous
interventions combining RE and an increased protein intake have
been performed in healthy older adults aiming to prevent sarcopenia
(12-14), limited interventions have been conducted specifically in
sarcopenic older adults. Nevertheless, available literature showed
that effects on muscle health in sarcopenic participants were rather
positive (22). With regards to frail older adults, multiple interven-
tions including RE and PS were conducted, resulting in improve-
ments on lean body mass, leg strength, and physical mobility (23).
To date, the preventive effects of RE and PS interventions have not
been studied extensively in older adults suffering from osteoarthritis
(24). However, aerobic, strengthening, and flexibility exercises are an
important part of its treatment (25) and were found to reduce pain
and increase physical functioning in osteoarthritis patients (26,27).

Thus, there is a discrepancy in literature related to the respon-
siveness of subgroups to interventions combining RE and PS. In
our intervention, ProMuscle in Practice, we expect to find hetero-
geneous responses as well. Our 12-week intensive support interven-
tion, including RE and an increased protein intake, was found to be
effective in improving muscle strength, lean body mass, and phys-
ical functioning in community-dwelling older adults (28). However,
variation was found in the effects, possibly indicating heterogeneous
responses between subgroups. Therefore, we aimed to explore the
differences in responsiveness to RE and PS between subgroups based
on demographic characteristics and mobility-impairing disorders in
the ProMuscle in Practice intervention.

Method
Study Design

The study design, intervention description, and main results of
ProMuscle in Practice are described in detail elsewhere (28,29). In

short, ProMuscle in Practice is a randomized controlled multicentre
intervention, implemented in a phased manner at 5 Dutch munici-
palities (Apeldoorn, Epe, Ermelo/Putten, Harderwijk, and Ede) be-
tween 2016 and 2018.

Study Population

Researchers recruited and screened older adults aged 65 years and
older, according to the following criteria: master the Dutch language,
being prefrail or frail according to Fried criteria (9) or being nonfrail
but experiencing difficulties in daily activities and being inactive
(ie, not participating in RE >30 minutes a day on >2 days a week).
The exclusion criteria (Supplementary Table S1) were checked by
the older adults’ general practitioner (GP). In total, 168 older adults
were randomized, stratified for sex and frailty state, to the inter-
vention or control group. The study protocol was approved by the
Wageningen University Medical Ethics Committee, and all subjects
gave their written informed consent before the start of the study. The
ProMuscle in Practice study is registered at the Dutch Trial Register
(identifier NTR6038).

Description of the Intervention

The intervention consisted of a 12-week intensive support program,
followed by a 12-week moderate support program. In the current
study, we focused on the intensive intervention only. The intensive
support program included twice weekly progressive RE, primarily
focused on the leg muscles. Each session had a duration of 1 hour,
was group-based (4-7 participants), and was supervised by physio-
therapists according to ProMuscle in Practice manuals. Additionally,
a dietitian advised participants to increase their protein intake to
25 g per main meal, via individual consultations (at baseline, Week
1, and Week 6) and by providing products, such as dairy foods and
protein-rich cakes or desserts. The control group received usual
health care and was asked to retain their habits regarding exercise
and diet.

Measures

Outcome Measures

Outcomes were measured at baseline in Week 0 (TO) and after the
12-week intensive support intervention (T'1). Data were collected by
trained researchers and research assistants.

Physical functioning

The Short Physical Performance Battery (SPPB) was used to measure
physical functioning (score 0-12, 12 representing best score). The
test consists of 3 components: a standing balance, repeated chair
rise, and gait speed test (30). In addition to total SPPB score, chair
rise was included in the data analyses, as chair rise is highly correl-
ated with lower body strength; the main training focus of the inter-
vention (31).

Muscle mass

Lean body mass was measured through dual-energy x-ray absorp-
tiometry (Lunar Prodigy Advance; GE Health Care, Madison, WI).
Scans were performed in the morning. Participants were asked to
consume a standardized breakfast and to defecate shortly before
the scan. Bioelectrical impedance spectroscopy was used to assess
hydration state (SFB7; ImpediMed Limited, Pinkenba, Queensland,
Australia).
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Muscle strength

Lower limb muscle strength was measured through 3-Repetition
Maximum (3RM) tests on the leg press and leg extension machines.
Before the measurement, a familiarization session was performed.
The formula of Brzycki was used to recalculate 3RM to 1RM scores,
reported in kilograms (32). Knee extension strength was measured
using a hand-held dynamometer (MicroFET). Three repeated tests
were performed alternating both legs. The highest measurement of
the dominant leg was included for analyses, reported in Newton.

Subgroups

Subgroups were created based on demographic variables and
mobility-impairing disorders, both assessed at baseline (TO).
Demographic variables included age and sex. Age was divided in
2 groups based on median age (75 years). Mobility-impairing dis-
orders included frailty, sarcopenia, and osteoarthritis and are de-
scribed in detail below.

Frailty

Frailty was assessed according to the Fried frailty criteria (9).
Participants in the categories “prefrail” and “frail” were combined
due to low number of participants being frail (z = 7). Nonfrail par-
ticipants were included in the study if they experienced difficulties
in daily activities and being inactive (ie, not participating in RE >30
minutes a day on >2 days a week).

Sarcopenia

The revised sarcopenia definition of the European Working Group
on Sarcopenia in Older People (EWGSOP2) was used (33). Low
muscle strength (criterion 1) indicating probable sarcopenia was as-
sessed with grip strength (<27 kg for men and <16 kg for women).
Low muscle quantity (criterion 2) confirms the sarcopenia diag-
nosis and was assessed according to low appendicular muscle mass
(<20 kg for men and <15 kg for women) on top of having low muscle
strength. Severe sarcopenia is detected if low physical performance
is present on top of low muscle strength and mass (criterion 3). Low
physical performance was assessed according to gait speed (<0.8 m/s
for both men and women). Participants in the category “probable
sarcopenia” were included in the analyses as being sarcopenic and
remaining participants were classified as nonsarcopenic. Categories
“sarcopenia diagnosis” and “severe sarcopenia” were too small to be
analyzed separately (7 = 10 and 7 = 6, respectively).

Osteoarthritis

Whether participants had osteoarthritis in the hips or knees was
assessed via a questionnaire, including answer options “no,” “yes,
not diagnosed by GP,” and “yes, diagnosed by GP.” The latter 2

categories were combined in the category indicating osteoarthritis.

Statistical Analyses

Baseline characteristics were analyzed using independent samples ¢
tests or Mann—Whitney U tests for continuous data, and Pearson’s
chi-squared test or Fisher exact probability tests for categorical data.
Multiple regression analyses were performed to study the mean changes
between T1 and TO between the intervention and control group, in
the total study population as well as in subgroups. Besides, differ-
ences in effects between subgroups were studied by including treat-
ment x subgroup as interaction term. Subgroups comprised age, sex,
frailty, sarcopenia, and osteoarthritis. Change scores were calculated

by subtracting the effects at TO from the effects at T1. Participants
with complete measurements at TO as well as T1 were included in the
analyses, which were assessed per study outcome. Separate models
were conducted for each outcome: SPPB total score, chair rise test,
lean body mass, knee extension strength, leg press strength, and leg ex-
tension strength. We assessed the crude model as well as the adjusted
model (adjusted for age, sex, educational level, and municipality).
Estimated mean differences and 95% confidence intervals (Cls) are
presented for the total study population, per subgroup and between
subgroups (interaction effects). We additionally calculated “relative
effects,” defined as changes relative to baseline in %, calculated as
follows: (absolute effect T1 - TO/baseline measure) x 100%. Multiple
regression analyses were also performed including relative effects as
dependent variable. To assess the treatment effect in combinations of
subgroups, 3-way interactions and related post hoc analyses were con-
ducted. Three-way interactions were examined for the outcomes chair
rise, lean body mass, and leg press strength, as chair rise is highly
correlated with lower body strength, the main training focus of the
intervention (31), and lean body mass and leg press strength showed
significant 2-way interactions indicating further exploration of the
pattern of treatment effects. Data were analyzed using SPSS version
23. Statistical significance was indicated with p value <.05.

Results

Baseline Characteristics

Table 1 presents the baseline characteristics for the intervention and
control group separately. No significant differences between the 2
groups were observed at baseline. About 21% of the study popu-
lation could be indicated with sarcopenia diagnosis, 52% as being
prefrail or frail, and almost 48 % suffered from osteoarthritis.

Effects in Total Study Population and Per Subgroup
Table 2 presents the mean changes per study outcome after 12 weeks
for the total study population and per subgroup. The model was ad-
justed for age, sex, educational level, and municipality. Adjustments
affected the estimates of the interaction effect by more than 10%
compared with the crude model (crude model; Supplementary Table
S2). Further, 2-way interactions for Treatment x Subgroup are pre-
sented. In the total study population, significant mean changes were
found on every study outcome. Effects in subgroups are described
below and represent differences between the intervention and con-
trol group between TO and T1.

Age

A significant positive effect on every study outcome was found for par-
ticipants aged 75 years and younger (mean age: 71 = 3). Participants
older than 75 years (mean age: 81 = 4) showed a significant increase on
knee extension strength, leg press, and leg extension strength. The inter-
action effect Treatment x Age was found to be significant on lean body
mass (f = -0.8; 95% CI: -1.5,-0.2). The increase in lean body mass for
participants aged 75 years and younger was 0.9 kg (95% CI: 0.5, 1.4)
and the increase in participants older than 75 years was 0.1 kg (95%
CIL: -0.4, 0.6). Relative changes and interaction effects were compar-
able to absolute changes and interaction effects (Supplementary Table
S3); only the interaction Treatment x Age was found to be significant
on lean body mass (f = -1.98; 95% CI: -3.3, -0.3), showing a higher
increase in participants aged 75 years and younger compared to those
aged older than 75 years (Figure 1A). No significant 3-way interaction
effects including age were found.
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Table 1. Baseline Characteristics of Participants of the ProMuscle
in Practice Intervention

Intervention Control Group
Group (n = 82) (n=286)

Age (y) 74.7 + 5.8 75.9 6.5
Sex (1 female, %) 51(62%) 51(59%)
Bodyweight (kg) 76.3 = 14.4 75.6 =13.6
Height (cm) 167.6 £ 9.0 169.2+9.3
Education level (1, %)?

Low and intermediate 56 (68%) 46 (54%)

High 26 (32%) 40 (47%)
Ethnicity: native Dutch (1, %) 79 (96%) 81 (94%)
Care use (1, %) 11 (13%) 16 (19%)
Frailty status (1, %)

Nonfrail 41 (50%) 39 (45%)

Prefrail and frail 41 (50%) 47 (55%)
Sarcopenia (1, %)®

Probable 17 (21%) 19 (22%)

Diagnosis 3 (4%) 7 (8%)

Severe 2 (2%) 4 (5%)
Osteoarthritis (12, %) 38 (46%) 42 (49%)
SPPB total score (0-12)¢ 10.1+1.4 10.1 £ 2.0

Standing balance (points) 3.7+0.6 3.6=0.7

4-m gait speed (s) 4209 42+1.2

Repeated chair rise (s) 13.7«3.4 13.1+3.9
Lean body mass (kg)¢ 47.7£9.1 48.0£9.5
Leg press strength (kg)¢ 129.2 +41.1 122.8 = 36.6
Leg extension strength (kg)* 66.8 +23.3 67.5+22.9
Knee extension strength (N)g 309.9 £ 107.0 302.5 £ 96.1

Notes: SPPB = Short Physical Performance Battery. Data are presented as
mean = SD or n (%).

*Education level: low: primary school or less; intermediate: secondary pro-
fessional education or vocational school; and high: higher vocational educa-
tion or university. Low and intermediate education level were combined due
to low numbers in the low education category (7 =6). °N = 160. °N = 167.
IN =163;°N = 156.'N = 157.¢N = 166.

Sex

In women, a significant effect in the intervention compared to con-
trol group was found on every study outcome except for lean body
mass. Men only showed a significant effect on lean body mass and
leg extension strength. For leg press strength, the interaction ef-
fect Treatment x Sex was found to be significant (f =15.5; 95%
CI: 0.6, 30.3). The increase on leg press strength was 7.4 kg (95%
CI: -3.8,18.6) in men and 22.8 kg (95% CI: 12.9, 32.8) in women.
Relative changes and interaction effects were comparable to ab-
solute changes and interaction effects (Supplementary Table S3).
However, when assessing relative changes, the interaction effect
Treatment x Sex was significant for leg press strength (= 13.9%;
95% CI: 3.1, 24.7), and leg extension strength (§ =15.2%; 95%
CI: 4.0, 26.4), as presented in Figure 1, showing a higher relative
change in women compared to men on both outcomes. Three-way
interactions including sex were not significant. Only Treatment x
Sex x Osteoarthritis for leg press strength was nearly significant
(F =3.047, p value = .051), showing the largest effects on leg press
strength in women with osteoarthritis (mean effect: 26.5 kg, 95%
CI: 12.8, 40.3).

Frailty
Nonfrail participants showed a significant increase on every study
outcome, except for SPPB and chair rise. (Pre-)frail participants

showed a significant improvement on every study outcome, except
for SPPB. No significant 2- or 3-way interaction effects were found
for frailty. Relative changes and interaction effects were comparable
to absolute changes and interaction effects (Supplementary Table

S3).

Sarcopenia

Nonsarcopenic participants showed significant improvements on every
study outcome, whereas sarcopenic participants only showed signifi-
cant effects on leg press and leg extension strength. No significant
2-way interaction effects were found. Relative changes and interaction
effects were comparable to absolute changes and interaction effects,
except for leg extension strength (Supplementary Table S3). The inter-
action effect Treatment x Sarcopenia was found to be significant for
relative changes in leg extension strength (B =13.2%; 95% CI: 0.4,
26.1), showing a larger increase in participants with sarcopenia com-
pared to those without sarcopenia, as presented in Figure 1. The
3-way interaction Treatment x Osteoarthritis x Sarcopenia on leg
press strength was found to be significant (F = 3.765, p value =.026).
Exploring this interaction showed that the largest effects were found
in sarcopenic participants without osteoarthritis (mean effect: 31.1 kg,
95% CI: 10.3, 52.0).

Osteoarthritis

Participants with osteoarthritis were found to have a significant in-
crease on every study outcome, except for SPPB and lean body mass.
Participants without osteoarthritis were found to have a significant
increase on every study outcome, except for SPPB. No significant
2-way interaction effects were found for osteoarthritis. Relative
changes and interaction effects were comparable to absolute changes
and interaction effects (Supplementary Table S3). A nearly significant
3-way interaction on leg press strength was found for Treatment x
Sex x Osteoarthritis (F =3.047, p value =.051), and a significant
3-way interaction on leg press strength was found for Treatment x
Osteoarthritis x Sarcopenia (F = 3.765, p value = .026), as described
in previous paragraphs.

Discussion

The question “Who benefits most from ProMuscle in Practice?” can
be answered after performing this in-depth analysis of the effects of
the intervention. Participants aged 75 years and younger and women
benefited to a great extent as they improved significantly on nearly
every study outcome. Participants with and without a mobility-
impairing disorder benefited equally from the intervention.

The randomized controlled trial was designed to study interven-
tion effects in the total study population. As the current analyses
were post hoc, the sample size was not calculated to detect differ-
ences between subgroups. Despite this, we were able to conduct
in-depth analyses and report specific intervention effects in sub-
groups of older adults.

Age

Significant effects were found on every study outcome in participants
aged 75 years and younger, whereas participants older than 75 years
only showed significant effects on strength-related outcomes. Two-
way interaction effects (Treatment x Age) were only significant for
lean body mass, favoring participants aged 75 years and younger. In
general, muscle mass is reported to decrease annually with 1%-2%
after the age of 50 (34); however, our intervention led to a relative
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Figure 1. Significant 2-way interactions for relative changes (compared to
baseline, in %) on (A) lean body mass: Treatment x Age, (B) leg extension
strength:Treatment x Sex, (C) leg extension strength: Treatment x Sarcopenia,
and (D) leg press strength: Treatment x Sex. Relative change is presented as
adjusted estimated mean difference between intervention and control group
in % and SE. Adjusted for age, sex, educational level, and municipality.
*Significant effect in relative change compared to baseline (p<.05).
**Significant interaction effect: Treatment x Subgroup (p <.05).

increase in lean body mass, being significantly higher in participants
aged 75 years and younger (+1.9%) compared with participants
aged older than 75 years (+0.1%). Two large meta-analyses of ran-
domized controlled trials reported a trend toward higher changes in
FFM in younger (+24 years) compared to older adults (65 years)
in response to RE and PS (16,20). This might be due to the blunted
response of muscle protein synthesis to anabolic stimuli, such as
exercise and food intake, that occurs with aging (35-37). Although
other studies compared effects in younger and older adults, we were
among the first to compare subgroups of older adults (>65 years).
Available meta-analyses reporting effects in FFM in older groups
(>50 years and >635 years, respectively) (16,21) show results that are
in line with the increases in lean body mass in our younger group
(<75 years). Hence, it is advised to start early with interventions
such as ProMuscle in Practice, to prevent and counteract loss of
muscle mass as early as possible.

Sex

In women, significant effects were found on every study outcome
except lean body mass. On the contrary, in men, significant effects
were only found on lean body mass and leg extension strength.
Significant interaction effects including sex were found on leg press
strength, favoring women. Additionally, the difference in relative
change was found to be significant on leg press as well as leg exten-
sion strength, also indicating higher effects in women than in men.
The sex differences cannot be attributed to compliance, as men and
women adhered comparably to the intervention. Larger improve-
ments in women might be due to their lower starting point compared
with men, indicating more room for improvement. Mechanisms
underlying these sex differences in leg strength changes in older
adults are unclear to date and therefore need further investigation

(38). Overall, similar studies show contradictory findings on changes
in leg strength when comparing men and women. Retrospective ana-
lyses including RE studies in older adults also reported a higher rela-
tive change in 1RM in women compared with men (15); however,
no statistically significant interaction with sex was found when as-
sessing absolute effects (15,18). One meta-analysis reported a signifi-
cant increase in leg strength in response to RE and PS in older men
but not in older women. However, limited studies (N = 2) in older
women were included (14). Another meta-analysis reported no sex
differences in leg strength changes in older adults (39). Differences in
results between these meta-analyses and the current study may be at-
tributed to variations in population (older adults living in a nursing
home or suffering from diseases vs community-dwelling older
adults), length of the intervention (8-36 vs 12 weeks), type of RE
intervention (RE or multicomponent exercise training vs RE), and
type and amount of protein intake (supplementation of 3.0-40.8 g/d
vs protein intake of 25 g per main meal) (14,39).

Only on lean body mass, significant effects were found in men
and not in women. Comparable results were reported in a meta-
analysis by Liao et al. (14). They indicated that sex may influence
effects in muscle mass or muscle strength following RE and PS. The
smaller changes in lean body mass in women might be due to older
women’s decreased hypertrophy capacity in response to RE and their
impaired ability to increase muscle protein synthesis after protein
consumption (40). However, more research is needed to substantiate
this. Conversely, 2 other meta-analyses found no difference in effects
of RE and PS on changes in FFM between sexes (20,21). Again, the
authors point to the fact that far less studies have been conducted
in women (20). Altogether, more research is needed to examine sex-
specific effects on lean body mass in response to RE and PS.

Mobility-Impairing Disorders

Because the study population included older adults with varying
health status, tailoring the intervention to the (dis)abilities of the
participants was essential (41). Results demonstrated no signifi-
cant differences in 2-way interactions (regarding absolute effects)
between treatment and, respectively, frailty, sarcopenia, and osteo-
arthritis. This indicates that both participants with and without
mobility-impairing disorders can benefit from the intervention.

Frailty

Participants who were (pre-)frail improved significantly on every
study outcome except for SPPB. Other studies also reported that
exercise training combined with PS improved physical functioning,
lean body mass, and leg strength in frail older adults (23,42,43).

Sarcopenia

Our findings indicate that participants with sarcopenia benefit to
a great extent from the intervention in terms of leg strength, as
they showed a significant increase on leg press and leg extension
strength. Additionally, the 3-way interaction Treatment x Osteoar-
thritis x Sarcopenia for the outcome leg press strength was found
to be significant, with the largest effects in sarcopenic participants
without osteoarthritis. Moreover, when assessing relative changes
to baseline, we found a significant difference in effects on leg ex-
tension strength between participants with and without sarcopenia.
This is in line with results of a recent meta-regression analysis
including interventions combining RE and PS, in which significant
effects on leg muscle strength were found in older adults at high
risk of sarcopenia and frailty (39). However, opposite to our results,
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2 meta-analyses additionally reported improvements on physical
functioning and muscle mass in sarcopenic older adults (21,39). The
fact that we did not find comparable improvements in participants
with sarcopenia may be due to several aspects. First, in this study,
sarcopenia was defined as probable sarcopenia (based on low hand-
grip strength), which differed from the definition of sarcopenia in
other studies. Second, the small subgroup of participants classified
with probable sarcopenia (7 = 36) likely decreased the power to de-
tect differences between subgroups.

Osteoarthritis

Participants with osteoarthritis improved significantly on chair rise,
knee extension, leg press, and leg extension strength. To date, few
studies have investigated the effect of exercise training and PS in
older adults with osteoarthritis. Nevertheless, a recent meta-analysis
reported that exercise training and PS improved muscle mass, muscle
strength, and functional outcomes in older adults with lower limb
osteoarthritis (44). However, 5 of 6 interventions were postoperative,
included participants who underwent total joint replacement, and
most interventions consisted of 2 sessions/d for the duration of 2
weeks. Therefore, the populations and interventions included in the
meta-analysis are not directly comparable to ProMuscle in Practice.
Overall, interventions comprising RE and PS seem promising in
improving muscle health in older adults, regardless of the nature of
the intervention (preventive or postoperative) but more research is
needed in both settings.

Outcome Reflections

SPPB score at baseline was relatively high (10.1 of 12 points).
Besides, two-thirds of the participants had a SPPB score of 10 points
or higher at baseline. This indicates that ceiling effects might have
played a role in measuring change in physical performance (45).
Therefore, a mix of outcome measures was included, consisting of
chair rise performance, lean body mass, and strength-related meas-
ures, which were not subject to ceiling effects.

In addition to reporting “who benefits most” in terms of statistical
significance, it is of importance to elaborate on the clinical meaning-
fulness of the results. Participants younger than 75 years and women
improved significantly on nearly every outcome, including chair
rise performance. Although the definition of a clinically meaningful
change for chair rise performance is lacking to date, a definition
for SPPB is available (46,47). Perera et al. (47) indicated that a 1.0
point change in SPPB could be considered a substantially meaningful
change. In their study, a 1.0 point change represented a 12% increase
in performance relative to baseline (SPPB: 8.3 = 2.7). This corres-
ponds with the percentage of change for chair rise performance in
participants younger than 75 years and women in our study (17%
and 16% mean change relative to baseline, respectively). Results
for strength-related measurements are in line with this. Participants
younger than 75 years showed mean changes ranging from 11%
to 17% relative to baseline. Women showed mean changes ranging
from 19% to 26% relative to baseline. Although definitions of clin-
ically meaningful changes remain unclear for many outcomes, based
on the aforementioned percentages, our results might be considered
clinically meaningful.

Conclusion

Specific subgroups benefit to a greater extent from ProMuscle in
Practice compared to others. In particular, older adults aged 75 years

and younger and women exhibited larger increases on various out-
comes compared to their counterparts. Additionally, participants
with and without mobility-impairing disorders both benefited from
ProMuscle in Practice, which suggests that the intervention is suit-
able for older adults regardless of having a mobility-impairing dis-
order. More insight is needed in underlying mechanisms to unravel
the differences in responsiveness between subgroups.
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