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Abstract
Background

After menopause, women lose muscle strength and physical function at an accelerated rate, and gender-
related barriers such as internalised stereotypes, caregiving roles and ageism further limit their
participation in resistance training. Interventions combining resistance training, nutrition education and
psychosocial components addressing these barriers are scarce.

Aims

The principal aim is to evaluate the feasibility, implementation fidelity and acceptability of the “Women in
Action” programme in community settings. The secondary aim is to estimate its preliminary effects on
the two primary outcomes, handgrip strength and lower-limb strength and physical performance (Short
Physical Performance Battery), and on body composition, dietary behaviour and psychosocial variables
in women aged 55-75 years.

Methods

Quasi-experimental, two-arm, mixed-methods study in the Principality of Asturias, Spain. Insufficiently
active women (n = 214) will be allocated by covariate-adaptive minimisation to a 16-week programme
(two supervised multicomponent exercise sessions per week and eight fortnightly psychoeducational
and nutrition workshops) or to a passive control group. Assessments will take place at baseline, week 8,
week 16 and 3 months after the intervention. Quantitative data will be analysed with linear mixed-effects
models and integrated with thematic analysis of focus groups.

Discussion

The study will show whether the programme can be delivered as planned and accepted by participants,
and will provide effect-size estimates to inform a subsequent trial.

Conclusions

This protocol describes a replicable, gender-sensitive multicomponent intervention for older women and
the procedures for its evaluation under real-world community conditions.

Trial registration

ClinicalTrials.gov NCT07860424, first posted on 6 October 2026.
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Introduction

Older women are among the least physically active groups in the population. The World Health
Organization (WHO) recommends 150-300 min/week of moderate-intensity aerobic activity, or 75-150
min/week of vigorous activity or an equivalent combination, together with muscle-strengthening activity
on at least two days [1]; globally, insufficient aerobic activity is more prevalent in women than in men
(31.7% vs 23.4%) [2], and the gap widens with age. The barriers reported by older women are not only
physical: fear of injury and limited resources in rural areas coexist with traditional roles and age- and
gender-related stereotypes that discourage participation [3, 4], and experimental work shows that
stereotype-related messages change how older adults perceive exercise [5]. Any programme that aims
to increase physical activity in this group therefore has to address the sociocultural determinants of
participation, not only the exercise prescription.

Resistance training is the intervention of choice against the age-related loss of muscle strength and
function [6, 7] and improves strength in healthy postmenopausal women [8]. Yet strength has been
culturally coded as masculine, and this perception is associated with body-related self-stigma and self-
exclusion from strength-based exercise among women [9, 10], so the population that would benefit most
is the one least likely to take it up. Nutrition is the second pillar: adherence to the Mediterranean diet is
associated with physical resilience in older adults [11], and in people with sarcopenic obesity around
retirement age adding protein to exercise reduces fat mass further than exercise alone [12], although
whether education changes dietary behaviour in this population remains to be shown. The third pillar is
psychosocial: qualitative evidence links psychological needs and motivation to older adults' participation
in physical activity [13], cross-sectional data relate agency, autonomy and physical self-efficacy to
exercising in women [14], and improvements in body image and self-reported activity have been
described after strength training in midlife and older rural women [15]; however, exercise empowerment
remains inconsistently operationalised in intervention studies [16]. Multicomponent programmes such
as Vivifrail improve functional capacity in frail or pre-frail older adults [17], and exercise improves
physical function in residential care [18], but these programmes were not designed for community-
dwelling women and do not address the gender-specific barriers that condition their engagement. To our
knowledge, no protocol has combined supervised resistance training, nutrition-focused behavioural
education and psychoeducation on gender stereotypes, personal agency and body perception within a
single intervention for women in the postmenopausal and early older-age period.

“Women in Action” was designed to fill this gap. It is a 16-week multicomponent programme delivered in
community settings by exercise, nutrition and psychology professionals, framed within an intersectional,
gender-sensitive approach, and described with the level of detail needed for replication. Because the
programme will run at several community venues with fixed timetables, randomisation at the individual
level is not feasible; a passive control group under usual lifestyle was therefore chosen as comparator,
since no comparable programme is available to this population in the study area. Evidence from non-
randomised intervention studies can contribute to evidence synthesis provided that confounding and
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other risks of bias are addressed explicitly [19], and the design incorporates covariate-adaptive
allocation, concealed assignment and adjusted analysis for that purpose.

The principal aim of the study is to evaluate the feasibility, implementation fidelity and acceptability of
the programme in community settings. The secondary aim is to estimate, in insufficiently active women
aged 55-75 years, the effect of the 16-week programme compared with usual lifestyle on the two
registered primary outcomes, handgrip strength and lower-limb strength and physical performance
measured with the Short Physical Performance Battery (SPPB), analysed as change from baseline to
week 16, and on body composition, dietary behaviour and psychosocial outcomes. It is hypothesised
that, compared with the control group, intervention participants will show a greater increase in handgrip
strength between baseline and week 16 (first primary contrast) and a greater improvement in SPPB
score (second, hierarchically ordered primary contrast), together with favourable changes in body
composition, Mediterranean diet adherence, personal agency and empowerment, physical self-concept
and exercise self-efficacy, and a reduction in ageing- and exercise-related stereotypes; these secondary
outcomes will be analysed as estimates with confidence intervals rather than as confirmatory tests.
Harms will be recorded systematically.

Methods
Study design

This will be a quasi-experimental, two-arm (intervention vs passive control), parallel, longitudinal study
with four assessment points: baseline (T0), mid-intervention (T1, week 8), post-intervention (T2, week
16) and follow-up (T3, 3 months after the end of the intervention). A qualitative component (focus
groups with intervention participants) is embedded in a convergent mixed-methods design [20]. The
study framework is exploratory, with feasibility as the main aim and preliminary effectiveness as the
secondary aim, drawing on the feasibility principles of the CONSORT extension for randomised pilot and
feasibility trials, adapted here to a non-randomised design [21]. The protocol follows the SPIRIT 2025
recommendations [22] (checklist in Online Resource 1), the TREND statement for non-randomised
evaluations [23] and the TIDieR checklist for the description of the intervention [24].

The study was approved by the Research Ethics Committee of the Principality of Asturias (CEIMPA,
Central University Hospital of Asturias; reference no. 2026.307; protocol version dated 15 June 2026;
approval dated 7 July 2026) and was registered prospectively in ClinicalTrials.gov (NCT07860424;
protocol record WIA-2026-01; first posted on 6 October 2026) before the enrolment of the first
participant. The present manuscript introduces only changes in wording and presentation with respect to
the approved protocol. The full protocol is available through this publication and the registry record; the
statistical analysis plan will be completed before database lock and deposited in the registry.

Patient and public involvement
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Patients and members of the public were not involved in the design of this protocol, the intervention or
the choice of outcomes. Participants and partner organisations will receive lay summaries of the results.

Study setting

The study will take place in community settings of the Principality of Asturias (northern Spain):
municipal sports facilities, community and healthcare centres, women's associations in urban and rural
municipalities, and the sports facilities of the University of Oviedo. Recruitment will be carried out
through approximately 10—15 community sites; the intervention will be delivered in eight to nine groups
of 12—15 women at those sites with suitable facilities. Recruitment is scheduled to begin between
January and February 2027.

Participants

Women will be eligible if they: (a) are aged 55-75 years; (b) live in the Principality of Asturias; (c) are
insufficiently active, defined as not meeting the WHO recommendation (< 150 moderate-equivalent
min/week of aerobic activity, computed as moderate minutes plus twice the vigorous minutes, and/or
fewer than two muscle-strengthening sessions per week) and/or reporting low adherence to previously
prescribed or self-initiated exercise routines, screened with the Global Physical Activity Questionnaire
(GPAQ) [25] for aerobic activity and a separate question on the weekly frequency of muscle-
strengthening activity; (d) report exposure to gender-related stereotypes associated with physical
activity, recorded through a structured question in the digital screening questionnaire (no cut-off score is
applied, and the Aging Stereotypes and Exercise Scale is used as an outcome measure, not as an
eligibility instrument); (e) have medical clearance for supervised moderate-to-vigorous exercise; (f) are
willing to complete all assessments; and (g) give written informed consent. Exclusion criteria are:
medical conditions contraindicating supervised exercise; severe cognitive impairment limiting
participation; concurrent participation in structured resistance training; and any condition preventing the
safe performance of handgrip strength or Short Physical Performance Battery (SPPB) tests. Menopausal
status (perimenopause, early or late postmenopause according to STRAW + 10 criteria [26]), use of
menopausal hormone therapy, corticosteroids and calcium/vitamin D or other supplements will be
recorded at baseline and used as covariates.

Exercise sessions will be supervised by professionals holding a university degree in Sport and Exercise
Science (or physiotherapy with specialisation in exercise prescription) and documented experience in
resistance training with older or clinical populations. Before the study they will complete a training
programme covering technique and progression for women of this age, monitoring of training load,
safety procedures and the gender-sensitive, body-positive approach of the programme. Workshops will
be delivered by a psychologist and an educational psychologist with experience in women's health and
by a registered dietitian-nutritionist.
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Sampling and recruitment

A non-probability convenience sample will be recruited. Eligible women who respond to a multichannel
community campaign (sports and healthcare centres, women's associations, third-sector organisations,
municipal active-ageing services, local media and social networks) will be enrolled consecutively at each
site until the target sample of 214 is reached; the recruitment period will be extended if necessary.
Recruitment will be carried out simultaneously for both arms and will precede allocation. Because the
sample is not probabilistic, no claim of statistical representativeness of the regional population is made.
To describe potential selection bias, the numbers of women approached, screened, eligible, enrolled and
allocated will be recorded by site and presented in a participant flow diagram, and the sociodemographic
and health profile of the enrolled sample will be compared descriptively with regional data for women
aged 55-75 years.

Group allocation and blinding

Participants will be allocated to the intervention group (IG) or the control group (CG) by covariate-
adaptive minimisation [27] with a random element. Because logistical constraints can determine
assignment, the overall allocation procedure is not fully randomised, and the study is reported as quasi-
experimental. For each participant, a statistician independent of recruitment and assessment will: (1)
identify the group/venue configurations that are logistically feasible for her, based only on travel distance
and timetable availability; (2) calculate, for each feasible assignment, the imbalance that would result
across the balancing variables (age, menopausal status, GPAQ activity level, SPPB score, ageing- and
exercise-related stereotypes score, socioeconomic status and urban/rural residence; equal weights;
sum-of-variances method); and (3) assign the participant to the group that minimises imbalance with
probability 0.8 and to the alternative group with probability 0.2. When only one option is feasible,
allocation will be deterministic and recorded as logistically constrained; the proportion of such
allocations will be reported. Allocation will be generated centrally with a pre-specified algorithm and
concealed from enrolling staff until the baseline assessment has been completed. Baseline
comparability will be checked before the intervention starts, and residual imbalance will be handled by
covariate adjustment.

Participants and the professionals delivering the intervention will not be blinded. Outcome assessors will
be different from delivery staff and blinded to allocation whenever feasible; participants will be asked not
to reveal their group during assessments, and data analysts will work with coded group labels. Where
assessor blinding cannot be guaranteed (e.g. small venues), this will be documented and reported.

Intervention

The intervention lasts 16 weeks and is delivered according to a written manual prepared following TIDieR
[24], available from the corresponding author. Each week includes two supervised exercise sessions
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(50-60 min, non-consecutive days); every second week, participants also attend a 90-min group
workshop (eight workshops in total; Table 1).

Exercise sessions consist of warm-up (5—-8 min), resistance training (20—25 min), interval-based
cardiorespiratory conditioning (8—15 min, depending on phase), balance training (8—10 min) and cool-
down (5-7 min), organised in three phases of increasing load and complexity (Table 2; detailed
prescription in Online Resource 2). Resistance training comprises six to eight multi-joint exercises
(squat, row, press, deadlift, step-up and combinations), two to three sets of 7-10 repetitions, progressing
from 40-50% to 60—70% of the one-repetition maximum (1RM) [7, 28, 29]; TRM will be estimated from
submaximal repetitions to fatigue at the start of each phase. As velocity-measuring devices will not be
available at all venues, load will be prescribed with the level-of-effort method, i.e. the repetitions
performed in relation to the maximum achievable with that load [30], and the prescribed repetitions will
be kept below the estimated maximum so that sets end before failure. Velocity loss is related to acute
neuromuscular fatigue [31], and a monitored 10% velocity-loss threshold has improved strength and
functional capacity in older adults [32]; without velocity measurement, the present prescription cannot
verify that a specific threshold is reached. Perceived exertion will be recorded with the OMNI-RES scale
[33]. Cardiorespiratory conditioning uses functional work/active-recovery intervals monitored by heart-
rate reserve (chest-strap or optical monitors; resting and age-predicted maximal heart rate, adjusted for
rate-limiting medication) and the Borg CR-10 scale; interval training has been applied safely in older
adults [34], although this specific prescription has not been validated. This block (16—30 min/week) does
not by itself meet the WHO aerobic recommendation; participants will be encouraged to accumulate
additional lifestyle activity, recorded by self-report. Balance training progresses from static tasks on a
wide base to dynamic, dual-task and perturbation exercises [35, 36].

Workshops use experiential methods (guided reflection, case analysis, role-play, transfer tasks). Four
workshops are psychoeducational (gender stereotypes and sociocultural barriers; body perception and
ageing; personal agency and decision-making; life skills), three address psychonutrition (emotional
eating; Mediterranean diet; meal planning) and the final session integrates both strands. The first
workshop, on gender stereotypes, is co-educational: male relatives, partners or community members are
invited to take part in a structured discussion on stereotypes affecting men and women and on shared
responsibility for equality in physical activity settings. These men are not study participants: they will
sign a separate consent limited to their attendance, will not be assessed, and their records will be kept
apart from participant data. Women may decline the co-educational format without consequence.

Loads, volume and exercise selection will be individualised to functional capacity. The exercise
prescription will be reduced or paused in case of musculoskeletal complaints, cardiovascular symptoms
or at the participant's request, and the participant will be withdrawn from exercise if a physician advises
it, while remaining in the assessment schedule. Attendance will be recorded by delivery staff at every
session and reported separately for exercise sessions (attended/32) and workshops (attended/8);
participants will also complete a brief self-report of weekly attendance and out-of-session activity at T1,
T2 and T3. Participants attending at least 80% of exercise sessions (26 of 32) will be considered to have
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received the intervention as planned. Delivery staff will complete a fidelity log after each session
(content delivered, deviations, engagement, contextual factors), which the principal investigators will
review monthly. Flexible timetables, reminders and a supportive, non-judgemental group climate will be
used to promote retention.

Control condition

The CG will maintain their usual lifestyle during the 16-week intervention and the 3-month follow-up and
will complete the same assessments at the same time points. At the end of the study they will receive

written healthy-lifestyle recommendations and an individual report of their results. Participation in other

structured exercise, nutrition or psychological programmes will be discouraged in both arms and

recorded at each assessment, together with changes in medication or supplements.

Table 1

Weekly structure and content of the 16-week “Women in Action” intervention

Weeks

1-2

3-4

5—6

7-8

9-10

11-12

13-14

15-16

Workshop (90 min, fortnightly;
facilitator)

W1 Gender stereotypes and sociocultural
barriers; co-educational session open to

men (psychologist and educational
psychologist)

W2 Body perception and ageing; physical

self-perception (psychologist and
educational psychologist)

W3 Emotional eating and emotional
regulation (dietitian-nutritionist)

W4 Personal agency, decision-making
and body-related stigma (psychologist

and educational psychologist)

W5 Mediterranean diet (dietitian-
nutritionist)

W6 Life skills: intrapersonal and
interpersonal competencies
(psychologist and educational
psychologist)

W7 Meal planning and autonomous

dietary decisions (dietitian-nutritionist)

W8 Consolidation and transfer;
autonomous maintenance plan (all
facilitators)

Exercise sessions (2/week, 50-60 min)

Phase 1: familiarisation with movement
patterns; single-joint resistance exercises;
low-intensity intervals; basic balance and
postural control

Phase 1: technical consolidation; progression
of basic strength; longer intervals; static
balance

Phase 2: load increase; multi-joint exercises;
higher interval intensity; dynamic and
proprioceptive balance

Phase 2: multi-joint and functional exercises;
greater interval demands; dynamic postural
control. T1 assessment

Phase 2: consolidation of functional strength;
progressive cardiorespiratory intensity;
integrated balance

Phase 3: integration of functional patterns;
maintenance of intervals; complex functional
balance

Phase 3: integrated functional strength,
endurance, trunk stability and dynamic
balance

Phase 3: functional integration and transfer
to daily living. T2 assessment
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Workshops take place in the morning and exercise sessions in the afternoon of the same week

Table 2
Programming of the exercise component by phase
Component / variable Phaie 1 (weeks  Phase 2 (weeks 5-10) Ph)ase 3 (weeks 11-
1-4 16
Resistance training: 6-7/2/7-10 7-8/2-3/7-10 6-8/2-3/7-10

exercises per session / sets
/ repetitions

Resistance training: intensity ~ 40-50%; 7-10 50-60%; 7-10 (14-20) 60-70%; 7-10 (10-
%1RM); level of effort (18-25) 15)

repetitions performed

maximum possible])

Resistance training: inter-set  90s 120 s 150-180s

rest

Cardiorespiratory 8-10 min; 45 10-12 min; 60 s/60 s; 12-15 min; 60 s/40

conditioning: duration; s/45s;50-60%; 70-80%; 4-5 s; 85-90%; 5-6

work/active recovery; 3-4

intensity (%HRR; RPE CR-10)

Balance training: duration; 8-10 min; 20— 8-10 min; 20-30 s/20—-  8-10 min; 20-30

work/rest; difficulty 30 s/20-30s; 30 s; narrow base, s/20-30 s; dual
wide base, changes of direction, tasks, controlled
static balance, proprioception perturbations
mobility

1RM one-repetition maximum, HRR heart-rate reserve, RPE rating of perceived exertion. Two sessions
per week in all phases. Within each range, the repetitions performed are set below the estimated
maximum for the load so that sets do not reach failure

Outcomes and measures

Outcomes are organised in three tiers (Table 3). Feasibility outcomes correspond to the principal aim
and will be judged against pre-specified progression criteria: recruitment of at least 80% of the target
sample within 2 months of the start of recruitment, retention of at least 75% at T3, median attendance of
at least 70% of exercise sessions, and no serious adverse event attributable to the intervention. Failure to
meet a criterion will lead to modification of the protocol rather than to abandonment of the programme.
Two primary outcomes are registered: handgrip strength, a measure used in the assessment of low
muscle strength and sarcopenia [6], and lower-limb strength and physical performance measured with
the SPPB, a composite of balance, 4-m gait speed and five-times chair-stand tests used to identify
functional limitation in older adults [37]. Handgrip strength is the first outcome in the testing hierarchy
and the basis of the sample size calculation; the SPPB total score is the second, and its continuous
components (gait speed and chair-stand time) will also be analysed to limit ceiling effects. Secondary
outcomes include body composition by bioelectrical impedance analysis (fat mass, fat-free mass and
skeletal muscle mass, together with body mass index and estimated basal metabolic rate),
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Mediterranean diet adherence measured with the 14-item MEDAS questionnaire [38] complemented by a
3-day estimated dietary record (energy and protein intake, BEDCA food composition database), personal
agency and empowerment (ESAGE-Sp-19 [39], validated in Spanish university students, with personal
agency as a second-order factor and self-confidence, internal control and empowerment as first-order
factors), physical self-concept (CAF-MAY, 30 items in five dimensions [40]), exercise self-efficacy (nine-
item Self-Efficacy for Exercise scale [41], scored as the sum of items, 0—-90) and ageing- and exercise-
related stereotypes (12-item Aging Stereotypes and Exercise Scale, ASES, with three subscales [42]). No
validated Spanish version of the ASES has been identified; a cross-cultural adaptation (forward and back
translation, expert panel, cognitive pre-testing) will be completed before the study [43], its scoring rules
will be fixed in the scoring manual before enrolment, and its internal consistency and structure will be
examined in the study sample. The ASES measures beliefs about ageing and exercise rather than gender
stereotypes as such; the gendered dimension will be explored in the focus groups.

Page 10/22



Table 3

Outcomes, instruments, analysis metrics and time points

Tier

Feasibility
(principal
aim)

Primary (1st
in hierarchy)

Primary (2nd
in hierarchy)

Secondary:
body
composition

Secondary:
dietary
behaviour

Secondary:
psychosocial

Outcome

Recruitment (first 2
months), retention
(T3), attendance and
adherence (exercise
sessions /32;
workshops /8),
acceptability, fidelity,
adverse events,
logistical feasibility,
assessment
completion

Handgrip strength
(kg), dominant hand,
best of three
attempts

Lower-limb strength
and physical
performance: SPPB
total score (0—-12);
five-times chair-stand
time (s) and 4-m gait
speed (m/s) as
continuous
components

Fat mass, fat-free
mass, skeletal
muscle mass; BMI
(kg/m?); estimated
basal metabolic rate
(kcal/day)

Mediterranean diet
adherence (0-14);
energy (kcal/day) and
protein (g/kg/day)
intake

Personal agency and
empowerment;
physical self-concept;
exercise self-efficacy;
ageing- and exercise-
related stereotypes

Instrument / source

Recruitment,
attendance, fidelity
and adverse-event
logs; satisfaction
guestionnaire

Hydraulic hand
dynamometer,
standardised seated
protocol

SPPB

Bioelectrical
impedance analysis;
stadiometer and
scale

MEDAS (interview);

3-day dietary record

ESAGE-Sp-19; CAF-
MAY; SEE; ASES
(Spanish adaptation)
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Analysis
metric;
summary
measure

Proportions
with 95% Cl;
medians

Change TO-
T2; adjusted
difference in
means
between
groups (95%
Cl)

Change TO-
T2; adjusted
difference in
means
between
groups (95%
Cl)

Change from
baseline;
means

Change from
baseline;
means;
proportion
with = 2-point
increase in
MEDAS

Change from
baseline;
means

Time points

Continuous
during

intervention; T2
(acceptability);
T3 (retention)

T0,T1,T2, T3

T0,T1,T2, T3

TO-T3

TO-T3
MEDAS); TO, T2
record)

T0-T3




Tier Outcome Instrument / source Analysis Time points

metric;
summary
measure
Secondary: Experience of Focus groups (IG Themes;joint T2, T3
qualitative stereotypes, body subsample) display with
perception, emotional quantitative
safety, results
empowerment,
barriers and
facilitators
Covariates Age; menopausal Sociodemographic — T0
status; baseline and clinical
activity (GPAQ); questionnaire; GPAQ

socioeconomic
status; urban/rural
residence; hormone
therapy,
corticosteroids,
supplements; social
desirability

ASES Aging Stereotypes and Exercise Scale, BIA bioelectrical impedance analysis, BMI body mass index,
CAF-MAY Physical Self-Concept Questionnaire for Older Adults, Cl confidence interval, ESAGE-Sp-19
Personal Agency and Empowerment Scale, GPAQ Global Physical Activity Questionnaire, IG intervention
group, MEDAS Mediterranean Diet Adherence Screener, SEE Self-Efficacy for Exercise scale, SPPB Short
Physical Performance Battery

Harms

Adverse events will be recorded systematically in both arms. At every session the supervisor will note on
a standard form any musculoskeletal complaint, fall or near-fall, cardiovascular symptom or other event,
graded by severity (mild, moderate, severe) and relationship with the intervention (related, possibly
related, unrelated); events outside sessions, and all events in the CG, will be asked about at each
assessment up to T3. Serious adverse events (e.g. fracture, hospitalisation) will be reported to the
principal investigators within 24 h and to the ethics committee, and will lead to a review of the
participant's continued involvement. Harms will be summarised by arm as the number of events and the
number of participants with at least one event during the intervention and follow-up [45].

Study timeline

Table 4 shows the schedule of enrolment, intervention and assessments. Baseline assessment will be
completed within the two weeks preceding allocation. Each assessment session will last 60—75 min and
will be carried out under standardised conditions (no vigorous activity in the previous 24-48 h; fasting
and controlled hydration for impedance analysis).

Page 12/22



Study time schedule (SPIRIT 2025 participant timeline)

Table 4

Eligibility screening Screening
(GPAQ, health); (-4to-2
informed consent wk)

X
Allocation by

minimisation
Intervention: exercise

sessions and
workshops (IG)

Usual lifestyle (CG)

Sociodemographic
and clinical
questionnaire

Handgrip strength and
SPPB (primary
outcomes)

Body composition
MEDAS

3-day dietary record

ESAGE-Sp-19, CAF-
MAY, SEE, ASES

Attendance and
fidelity logs (IG)

Self-reported
attendance and out-of-
session activity

Adverse events (both
arms)

Acceptability
questionnaire

Focus groups (IG
subsample)

TO

(-2
to 0
wk)

X X X X

Allocation

(0)

Intervention
(wk 1-16)

T1k
B

T2
(wk
16)

X X X X

T3
(+3
mo)

CG control group, IG intervention group, mo months, wk weeks; other abbreviations as in Table 3

Sample size calculation
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The sample size was calculated for the first primary outcome, i.e. a greater increase in handgrip strength
in the IG than in the CG from TO to T2; no separate calculation was made for the SPPB, which is tested
second in the hierarchy described below. The target standardised difference was set at d = 0.43, the
pooled effect of resistance training on handgrip strength in older women with sarcopenia reported in a
recent meta-analysis (SMD 0.43, 95% Cl 0.11-0.74) [46], which is the closest published estimate for this
outcome. With a two-sided a of 0.05 and a power of 0.80, the number of participants per group needed
to detect a difference in change scores is n = 2(z,.a/, + z,_B)? x 2(1 - p)/d? where p is the assumed
correlation between baseline and week-16 handgrip strength. Under the planning assumption p = 0.5 this
expression reduces to the two-sample formula n = 2[(1.96 + 0.84)/0.43]? = 85 per group (170 in total); the
calculation was done analytically. The assumed baseline—follow-up correlation is distinct from short-
term test-retest reliability, and the achieved power will also depend on clustering, retention and the
observed variability of the outcome. Allowing for 20% attrition over the intervention and follow-up as a
planning assumption, the target enrolment is 107 per group (214 in total). No sample size calculation
was made for feasibility or secondary outcomes. Three limitations are acknowledged: the effect size
comes from women with sarcopenia and may overestimate the effect in a sample with better baseline
function; no design effect for clustering by training group or venue was included, which will be addressed
in the analysis; and, given the sampling method, inference refers to the volunteers reached rather than to
the regional population.

Data collection and management

Outcome assessors will be trained with a written procedures manual, and inter-assessor reliability for
handgrip strength and SPPB will be checked before data collection. Questionnaires will be completed on
tablets or paper with assistance available; MEDAS will be administered by interview. Reasons for non-
adherence and withdrawal will be recorded, and participants who stop the intervention will be invited to
complete the remaining assessments. Data will be pseudonymised with a participant code, entered
twice with range checks, and stored in an access-controlled database of the University of Oviedo (data
controller) in accordance with Regulation (EU) 2016/679 and Spanish Organic Law 3/2018. The key
linking codes to identities will be kept separately by the principal investigator. Data will be retained while
the research purpose persists and then anonymised or destroyed, as stated in the approved participant
information sheet.

Statistical analysis

The analysis will follow a pre-specified statistical analysis plan. Baseline characteristics will be
described by arm with means and standard deviations, medians and interquartile ranges, or frequencies
and percentages, and balance on the minimisation variables will be examined; no baseline hypothesis
tests will be performed. Feasibility indicators will be reported as proportions with 95% confidence
intervals and compared with the progression criteria.

The primary analysis will use linear mixed-effects models for the post-baseline measurements (T1, T2,
T3) of each outcome, with the baseline value (T0) as a covariate and fixed effects for time, group and the

Page 14/22



group x time interaction, adjusted for age, menopausal status, baseline physical activity, socioeconomic
status, urban/rural residence and use of hormone therapy, corticosteroids or supplements. Given the
non-random allocation, the adjusted analysis will be the main analysis. Random intercepts will be
specified for participants and for training group/venue, to account for the clustering produced by group-
based delivery and venue-constrained allocation. The two primary outcomes will be tested in a fixed
hierarchical sequence to control the family-wise error rate at a = 0.05: first the between-group difference
in change in handgrip strength from TO to T2, and, only if this is statistically significant, the between-
group difference in change in SPPB total score over the same interval; each will be reported as an
adjusted mean difference with 95% Cl and two-sided p value. Separate models will be fitted for each
secondary outcome; within each outcome domain the Holm—Bonferroni procedure will be applied, and
results will be interpreted mainly through standardised effect sizes (Hedges' g with 95% CI) and
percentage change from baseline, with a view to the design of a definitive trial. All participants will be
analysed in the group to which they were allocated. Missing outcome data will be handled by restricted
maximum likelihood estimation under the assumption that data are missing at random, an assumption
that cannot be verified from the observed data and will be examined through sensitivity analyses [47]:
multiple imputation (20 datasets) with delta-adjusted imputations, a per-protocol analysis restricted to
participants with at least 80% attendance at exercise sessions and complete assessments, and models
with the SDS-13 score as covariate for self-reported outcomes. Model assumptions will be checked
graphically; rank-based longitudinal models will be used if they are clearly violated. Exploratory subgroup
analyses by menopausal status and urban/rural residence will use interaction terms. Analyses will be
performed in R (version to be reported).

Qualitative analysis and integration

Four to six focus groups of 6—8 IG participants, selected purposively by age, socioeconomic status and
residence, will be held at T2 and T3. A psychologist with experience in qualitative methods will facilitate
them with a semi-structured guide covering gender stereotypes, body perception, emotional safety in
exercise settings, empowerment, and barriers and facilitators of adherence. Sessions will be audio-
recorded and transcribed verbatim and analysed with reflexive thematic analysis [48], coded inductively
by two researchers who will keep a reflexivity journal; qualitative analysis software will be used.
Quantitative and qualitative results will be merged at the interpretation stage through a joint display
comparing effect estimates with themes for each outcome domain [20].

Monitoring

Because the intervention is of low risk, no independent data monitoring committee will be set up, and no
interim analysis or stopping rule is planned. The principal investigators will review recruitment, fidelity
and adverse-event logs monthly and will make periodic visits to the venues. The trial management group
consists of the four authors; no steering or endpoint adjudication committee is planned.

Ethical considerations and dissemination
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The study will follow the Declaration of Helsinki. Substantial protocol changes will be submitted to
CEImPA, updated in ClinicalTrials.gov and reported in publications. Written informed consent will be
obtained by trained members of the research team after an information session, using the information
sheet and consent form approved by CEImPA (version 15 June 2026); men attending the co-educational
session will give separate written consent. No proxy consent is foreseen. No biological samples will be
collected and no ancillary studies are planned. Participants may withdraw at any time without
consequences. No financial compensation is planned; extraordinary expenses such as meals and
transport will be reimbursed. Results will be disseminated through open-access publications,
conferences, the trial registry, lay summaries for participants and partner organisations, and briefings to
regional health and sports authorities; authorship will follow ICMJE criteria.

Discussion

This protocol describes a programme that combines progressive resistance training, nutrition-focused
behavioural education and psychoeducation on gender stereotypes, personal agency and body
perception, for women aged 55-75 years who are insufficiently active. Two hundred and fourteen
women will be enrolled at community venues in Asturias and allocated by minimisation to the
programme or to usual lifestyle. The study has not started and no results are available; what follows
concerns what the study is designed to show and how its findings should be read.

The main contribution expected from the study is practical: whether women of this age can be recruited
through community channels, whether they attend and complete a 16-week programme with two
exercise sessions a week and a fortnightly workshop, whether the programme can be delivered as
written at several venues by different professionals, and how acceptable its components, including the
session open to men, are to participants. The second contribution is a set of effect estimates.
Resistance training improves strength in healthy postmenopausal women [8] and handgrip strength in
older women with sarcopenia [46], and exercise interventions have been reviewed in older adults with
and without sarcopenia [49]; these findings do not establish the effects of the complete programme,
whose dietary and psychosocial outcomes will be described with estimates and confidence intervals.

The study has limitations. Allocation is not random; minimisation with a random element, central
concealment and covariate adjustment reduce but do not remove the risk of selection bias, and causal
interpretation will be correspondingly cautious. Volunteers reached through community channels are
likely to be more motivated than the general population of the same age; the comparison of the enrolled
sample with regional data will help to describe this. The workshops may increase socially desirable
responding and attention effects in self-reported outcomes; an attention-matched control was not
feasible, and the social desirability score will be used in sensitivity analyses. The age range covers
different menopausal stages; this is handled by balancing and adjustment, but residual heterogeneity
cannot be excluded. The eligibility criteria may produce a sample with relatively good baseline function,
with possible ceiling effects on the SPPB, which is why its continuous components will also be analysed,
and an effect size assumption that may prove optimistic for handgrip strength. The ASES will be used
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after cross-cultural adaptation but without prior validation in Spanish older women. The cardiorespiratory
component is deliberately short, and the 3-month follow-up only informs about short-term maintenance.

In conclusion, this protocol sets out a replicable, gender-sensitive multicomponent intervention for older
women and the procedures for assessing its feasibility and preliminary effects under community
conditions. Its results, whatever their direction, are intended to guide the design of a subsequent trial and
of community active-ageing programmes for women.
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