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THESIS ABSTRACT

Muscle-strengthening exercise (MSE) offers many health benefits, including lower all-cause
mortality and non-communicable disease risk, improved metabolic and musculoskeletal
health, and enhanced mental health. Despite the global and national Physical Activity
Guidelines recommending that adults engage in muscle-strengthening activities for two or
more days a week, participation rates remain low, particularly among women. Barriers such
as time constraints, a lack of knowledge and confidence in their abilities, and discomfort in
the gym continue to constrain women’s participation in these activities. Over four sequential
studies, this thesis aimed to quantify participation patterns in MSE, understand lived

experiences, and co-design and test an intervention to improve participation.

In Study 1 (Chapter 2) 615 participants completed a survey (n = 144 males, n =471 females)
to identify the types, intensities, frequencies, and durations of participation in muscle-
strengthening activities among adults aged 18 to 64 years in the UK. 76% of participants
self-reported meeting the guidelines (“Yes” group), with 24% self-reporting not meeting the
guidelines (“No” group). However, 95% of the “No” group actually met the guidelines, with
the majority meeting this when daily living muscle-strengthening activities (e.g., carrying a
shopping bag and climbing stairs) were included. Women in both groups reported doing
fewer MSE and daily living muscle-strengthening activities than men. Sex differences were
observed in the types of MSE participated in (men: weight machines and resistance exercises,
women: holistic exercises). MSE were performed on average 2-3 days a week at moderate
intensity, and daily living activities were performed on average 2 days a week at low

intensity, with similar session duration for both types of activities.

Study 2 (Chapter 3) used reflexive thematic analysis to explore barriers, facilitators, and
strategies to improve women’s participation in MSE among women from Study 1 who met
the muscle-strengthening guidelines (n = 24). Four overarching themes were revealed: (1)
reason for participating in MSE (health concerns and sports performance), (2) barriers to
MSE participation (perceived time constraint, low motivation, cultural stigma and societal
perceptions, confidence in ability and accessibility), (3) facilitators to participating in MSE
(resources or information, accountability, social support, ability to choose and positive
changes) and (4) strategies to improve women’s participation in MSE (what an individual

and others can do).



il

Study 3 (Chapter 4) included 21 women, recruited from participants in Study 1 and the
general public, who did not meet the guidelines, to explore barriers and potential facilitators
to participation in MSE, and to co-design an MSE intervention informed by the findings of
Chapter 3. Challenges and potential facilitators in MSE were classified into five categories:
(1) routine and prioritisation, (2) knowledge and self-efficacy, (3) physical and psychosocial,
(4) cultural stigma and societal perception, and (5) accessibility and environment. These
challenges and potential facilitators were similar to those reported in Chapter 3. The co-
designed process identified 3 key elements for inclusion in the intervention, which were: (1)
education (strength education session), (2) social (online support group and optional group

exercise session), and (3) modalities (access to various modalities and logging the training).

Study 4 (Chapter 5) involved 34 women who did not meet the guidelines, recruited from
participants in Study 3 and the general public, to evaluate the feasibility, acceptability, and
effectiveness of the co-designed intervention on body composition and muscular strength in
a randomised controlled trial. The intervention involved five components, which were: 1)
strength education sessions, 2) optional group exercise sessions, 3) an online support group,
4) logging training and 5) access to various modalities (12 weeks gym membership and
resistance bands). Participants in the intervention group were asked to participate in MSE of
their choice on two days a week. The intervention lasted 12 weeks, followed by a further 24-
week follow-up, during which support was removed. The study recruitment (100%) and
retention rate, measured by completion of all lab visits (91%), were high. Education sessions
(attendance 80—87%) and access to a choice of exercise modalities were highly acceptable.
Optional group sessions and the online support group were less utilised. At 12 weeks, no
significant time*group interactions were observed. Significant effects of time occurred for
muscle thickness (p = 0.028), back strength (p = 0.039), and knee extensor torque (p <.001),
but not handgrip strength (p = 0.118). From baseline to week 12, changes in muscle thickness
were +0.56mm, p = 0.492 in control and +0.86mm, p = 0.054 in intervention. For back
strength, changes were +3kg, p = 1.000 in control and +9.8 kg, p = 0.011 in intervention. For
knee extensor torque, changes were -0.52Nm, p = 1.000 in control and +10.89Nm, p = 0.381
in intervention. Similar results were observed from baseline to week 24, with effects
generally smaller. The co-designed intervention was subsequently mapped to the COM-B
model and Behaviour Change Techniques (BCTs) taxonomy to enhance theoretical

transparency.
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Collectively, this PhD thesis provides a comprehensive investigation of women’s
participation in MSE by using quantitative, qualitative, and intervention-based approaches.
The mixed-method design, combined with a co-design approach, ensured that the
intervention and findings were relevant to women’s life experiences. The thesis lays the
foundation for a scalable intervention to improve women’s participation in MSE and their
health outcomes by addressing persistent barriers to MSE participation and incorporating

participants’ insights into the intervention.
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GENERAL DEFINITIONS

This section consists of general definitions of specific terms used in this thesis.

Physical activity: Any bodily movement produced by the skeletal muscle that results in

energy expenditure (Caspersen et al., 1985).

Exercise: A subset of physical activity in which the activity is structured and planned, with
repetition and purpose, for the improvement or maintenance of physical fitness (Caspersen
et al., 1985). There are different categories of exercise, such as aerobic, muscle-

strengthening, flexibility and balance.

Aerobic activities: Activities that primarily rely on the aerobic energy system aimed at

improving cardiovascular fitness.

Muscle-strengthening activities: Activities performed with the intention to improve
muscular strength, endurance or mass. The 2019 UK Physical Activity Guidelines include
gardening, climbing stairs, carrying shopping bags, lifting and carrying children, and
wheeling a wheelchair as part of daily living muscle-strengthening activities (Department of
Health and Social Care, 2019). Muscle-strengthening exercise (MSE) refers to voluntary
exercise that uses weight machines or free weights, resistance bands, or body weight (Bennie

et al., 2020b).

Frequency: Number of training sessions or number of times certain exercises or muscle
groups are performed or trained in a specific time period (e.g., 1 week) (Kraemer and

Ratamess, 2004).

Intensity: Referring to how hard the exercise been performed. Can be classified into very
light, light, moderate, vigorous and very vigorous intensity activities. For aerobic exercise,
intensity can be measured by heart rate (reserve or maximal), metabolic equivalents (METs),
and maximal oxygen uptake (VOamax). For MSE, intensity is the magnitude of loading and
is often prescribed by the repetition maximum or rate of perceived exertion (RPE) (American

College of Sports Medicine, 2022).

Time: The duration or length of time spent doing an exercise (American College of Sports

Medicine, 2022).

Type: The type of exercise performed (American College of Sports Medicine, 2022).
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Volume: The total amount of exercise performed. For aerobic exercise, volume is the

product of training frequency, intensity and duration. For MSE, exercise volume is the
product of sets, repetitions and load performed in a session (American College of Sports

Medicine, 2022, Bompa and Buzzichelli, 2019).

Progressive overload: A gradual increase in the demands placed on the body during
exercise training. This can be achieved by increasing the load or resistance and repetitions,
altering repetition speed (slower or faster), shortening the rest period for muscular endurance
or lengthening it for strength and power training, or increasing exercise volume by 2.5 to

5%, or a combination of the above (Kraemer and Ratamess, 2004).

Active: Meeting the current guideline recommendations for aerobic activity (>150 minutes
of moderate intensity/>75 minutes of vigorous intensity activity) and muscle-strengthening
activity (>2 or more days a week) (Department of Health and Social Care, 2019, World
Health Organization, 2020).

Inactive: Not meeting the current guideline recommendations for aerobic activity (<150
minutes of moderate intensity/<75 minutes of vigorous intensity activity) and muscle-
strengthening activity (<2 or more days a week) (Department of Health and Social Care,

2019, World Health Organization, 2020)..

Sedentary behaviour: Any waking behaviour while sitting or reclining at low energy

expenditure (<1.5 METs), for example, sitting, lying, and reclining (Tremblay et al., 2017).

Moderate to vigorous intensity physical activity (MVPA): Commonly quantified by
physical activity performed at an intensity that is above the resting level (1 MET) into the
moderate (3-<6 METs) and vigorous level (>6 METs). MVPA is often used for assessing
adherence to the aerobic physical activity guideline (=150 minutes of MVPA per week).
Example of activities include walking, running, and cycling (World Health Organization,

2020, Maclntosh et al., 2021).



CHAPTER 1 - LITERATURE REVIEW

1.1. PHYSICAL ACTIVITY AND PHYSICAL ACTIVITY GUIDELINES

1.1.1. Physical Activity and Health Outcomes

Over the past decades, research has demonstrated the impact of physical activity on
preventing chronic diseases and on the physiological and psychological aspects of well-
being. The current section of the thesis will explore the benefits of physical activity for these
broad aspects of health. In the following sections, the associations with physical activity are

described initially and then specifically for MSE, where available.

1.1.1.1. Physical activity effects on cardiovascular and all-cause mortality

A 2022 systematic review and meta-analysis of 184 studies examined the association
between physical activity, sedentary behaviour and cardiovascular disease (CVD) risk
(Liang et al., 2022). The review included 148 randomised controlled trials (intervention
duration range: 8 weeks to 24 months) that evaluated the effect of physical activity and CVD
risk factors, and 36 longitudinal studies (mean follow-up time: 11.4 years) to examine the
association of sedentary behaviour and physical activity on CVD incidence and mortality
among healthy adults. Evidence from the longitudinal studies indicated that the risk of
developing CVD increases among healthy adults who are sedentary (HR= 1.34, 95% CI =
1.26 to 1.43), whereas long-term participation in physical activity was associated with a
lower risk of CVD (HR= 0.71, 95% CI = 0.66 to 0.77) and several other CVD risk
indicators(Liang et al., 2022).

Another systematic review and meta-analysis in 2022 of 16 observational studies with a
minimum follow-up period of 2 years by Momma et al. (2022) examined the association
between muscle-strengthening activities and risk of all-cause mortality and
noncommunicable diseases (NCDs), such as CVD, cancer, and diabetes, among adults (age
range 18 to 97.8 years). Muscle-strengthening activities were associated with a 15% risk
reduction of all-cause mortality (RR 0.85; 95% CI = 0.79 to 0.93; p <.001), 17% risk
reduction of CVD (RR 0.83; 95% CI =0.73 to 0.93; p = 0.002), and 12% risk reduction of
total cancer (RR 0.88; 95% CI = 0.80 to 0.97, p = 0.008)(Momma et al., 2022). Figure 1.1
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shows the non-linear dose-response relationships observed, where the lowest relative risk

(RR) was seen at 40 minutes per week for all-cause mortality (RR 0.83; 95% CI1 0.76 to 0.86),
60 minutes per week for CVD (RR 0.83; 95% CI = 0.76 to 0.90), and 30 minutes per week
for cancer (RR 0.91; 95% CI1 0.85 to 0.97)(Momma et al., 2022). The joint benefits of acrobic
and muscle-strengthening activities were examined in a subset of studies (n = 3). In these
studies, muscle-strengthening activities were categorised as ‘none vs any’, or ‘>2 vs <2 times
per week’, while aerobic activity was categorised as “>150 vs <150 minutes per week’ or
‘low vs high’. Combined participation in aerobic and muscle-strengthening activities (vs
none) was associated with 40% risk reductions for all-cause mortality, 46% for CVD, and
28% for cancer mortality (28%)(Momma et al., 2022). These findings highlight that MSE is
essential for reducing the risk of all-cause mortality and NCDs, and including aerobic

activities alongside MSE can provide additional benefits.
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Figure 1.1: Non-linear dose-response relationship of the association between muscle-
strengthening activities, all-cause mortality, CVD, total cancer and diabetes, adapted
from Momma et al. (2022).

1.1.1.2. Physical activity effects on metabolic health

With the increasing prevalence of metabolic disorders such as type 2 diabetes mellitus
(T2DM) and CVD, epidemiological and intervention studies have examined the role of
physical activity in glucose regulation, insulin sensitivity, blood pressure, and lipid

metabolism among adults. In the EPIC-InterAct case-cohort study, comparing inactive (36
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kJ/kg daily) and moderately inactive (41 kJ/kg daily) persons, there was a 13% relative risk

reduction in men and a 7% relative risk reduction in women for the incidence of T2DM for
those who were moderately inactive (InterAct et al., 2012). This supports earlier findings
that report the positive effect of physical activity on lowering the risk of T2DM in men and
women (Hu et al., 2001, Hu et al., 2003).

Besides the effects of physical activity on T2DM, numerous studies have also examined the
impact of physical activity and glucose metabolism, including fasting glucose, HbAlc,
insulin sensitivity, as well as blood pressure and lipid profile. In 2017, Boniol et al. (2017)
did a systematic review and meta-analysis of 125 studies to evaluate the impact of physical
activity on fasting blood glucose and HbAlc. In 105 studies reporting changes in fasting
blood glucose, an increase of 100 minutes of physical activity was associated with a
reduction of 2.75 mg/dL (95% CI = -3.96 to -1.55). In 56 of those studies, T2DM patients
had a greater reduction in fasting blood glucose (-4.71 mg/dl; 95% CI = -7.42 to -2.01).
Similar to fasting blood glucose, in 76 studies that reported the changes in HbAlc, an
increase of 100 minutes of physical activity resulted in a reduction of 0.14% (95% CI = -
0.18 to -0.09) in HbAlc, with a greater decrease among those with T2DM (-0.16%; 95% CI
-0.21 to -0.11) as shown in 60 studies. However, there is a high degree of heterogeneity in
the main analysis of both results (83.5% for fasting blood glucose and 73% for HbAlc).
Recent findings by Momma et al (2022) showed that muscle-strengthening activities were
associated with a 17% reduction in the incidence of diabetes (RR 0.83; 95% CI = 0.77 to
0.89; p <.001), with every increase of 10 minutes of activities per week inversely associated
with decreased diabetes risk, with further risk reduction up to 60 minutes a week (Figure

1.3).

Numerous studies have also examined the impact of physical activity on insulin sensitivity.
Insulin plays an integral role in skeletal muscle for glucose uptake and regulation, in the liver
for glycogen synthesis, lipogenic gene expression, and reduced gluconeogenic gene
expression, and in white adipocytes for lipolysis suppression, glucose transport, and
lipogenesis (Malkowska, 2024). Glucose regulation is impaired when the body's response to
insulin is impaired. This condition, also known as insulin resistance, is often associated with
other conditions, including obesity, T2DM, cancers, and CVD (Zhao et al., 2023). In a 12-
week walking intervention involving 20 obese women, significant reductions in blood

glucose (p = 0.008) and insulin resistance (HOMA-IR) (p = 0.029) were observed in the
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intervention group compared with the control group (Hong et al.,, 2014). Significant

improvements were also seen in systolic blood pressure (p = 0.037), subcutaneous (p <.001)
and visceral (p =0.011) abdominal fat, serum cytokine TNF-a (p= 0.027), IL-6 (p = 0.048)
and adiponectin (p = 0.002) (Hong et al., 2014).

Similar to aerobic exercise, MSE has been shown to improve blood pressure and glycaemic
control. A systematic review and meta-analysis of 173 trials (n = 6169) by Ashton et al.

(2020) examined the effects of different durations of resistance exercise (short <6 weeks,
medium 7-23 weeks, and long =24 weeks) on cardiometabolic health. It was found that

medium-term resistance exercise reduced systolic blood pressure by 4.02 mmHg (p<0.0001)
and diastolic blood pressure by 1.73 mmHg (p = 0.003)(Ashton et al., 2020). A larger
reduction was observed in long-term resistance exercise, where systolic blood pressure
decreased by 5.08 mmHg (p=0.04) and diastolic blood pressure decreased by 4.93 mmHg
(p=0.008)(Ashton et al., 2020). Medium-term resistance exercises have also shown a
significant reduction in fasting insulin (-0.59 pU/mL; p = 0.002), HOMA-IR (-1.22; p =
0.02), and fasting glucose (-2.93 mg/dL; p = 0.02), but not in short-term or long-term
resistance exercise(Ashton et al., 2020). Several other studies have also reported significant
improvement in glucose metabolism, including HbA1c (Jansson et al., 2022, Bacchi et al.,
2012, Lee et al., 2017), insulin sensitivity (Bacchi et al., 2012, Di Meo et al., 2017, Ismail et
al., 2019), and in total skeletal muscle GLUT-4 protein concentration (Di Meo et al., 2017)
following MSE.

Regarding the lipid profile, there is mixed evidence on the effect of MSE on triglyceride and
cholesterol levels. In a randomised controlled trial by Bacchi et al. (2012), 60 minutes of
resistance exercise three times per week for four months resulted in a significant
improvement in high-density lipoprotein cholesterol (HDL) (+1.3 mg/dL) and triglycerides
(-23.9 mg/dL). However, in the systematic review and meta-analysis by Ashton et al. (2020)
described above, there was no significant effect on the lipid profile (total cholesterol, HDL,

LDL, and triglycerides) in short, medium, or long-term resistance exercises.

1.1.1.3. Physical activity effects on sarcopenia

Physical activity plays a vital role in reducing the risk of sarcopenia, a condition

characterised by an age-related decline in muscle mass, strength, and function. In a cross-
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sectional analysis of older adults (>65 years), Sanchez-Sanchez et al. (2019) reported that an

additional 15 minutes per day of MVPA (=3 METs) was associated with a 15% lower
prevalence of sarcopenia, while an additional hour per day was associated with a 50% lower
prevalence. As the results were from a cross-sectional analysis, causal relationships cannot
be inferred. While a higher level of MVPA may contribute to delaying or reducing the impact
of sarcopenia, evidence from intervention studies indicates that MSE remain the most
effective approach for muscle strength, mass and performance (Grgic et al., 2020, Liu and
Latham, 2009). In a recent systematic review and meta-analysis of 28 studies (n = 2582) by
Sanchez et al. (2025) on different types of exercise intervention in sarcopenia, it was reported
that resistance training (vs. usual care) was the most effective intervention to improve
physical performance, with secondary analysis shown significant improvement in gait speed
(+0.11 m/s; 95% Crl: 0.01 to 9.21), while other types of intervention, such as aerobic and
power interventions, did not produce significant effects. Although Sanchez et al. (2025) did
not detect any significant effects on handgrip strength, a proxy for overall muscular strength,
a systematic review and network meta-analysis by Shen et al. (2023) reported that resistance
training alone significantly improved handgrip strength (MD 2.69 kg; 95% CI=1.78 to 3.61),
with additional improvement seen when resistance training was combined with aerobic
exercises (MD 3.02 kg; 95% CI 1.64 to 4.4). Shen et al. (2023) further reported that
intervention involving resistance training, alongside aerobic and balance exercises,
significantly improves physical performance (gait speed, time up and go, chair stand test)
and quality of life for older adults with sarcopenia. These adaptations are particularly
important for women, who experience earlier decline in muscle mass and bone density
during and after menopause (Calmels et al., 1995, Phillips et al., 1993, Montero-Fernandez
and Serra-Rexach, 2013).

1.1.1.4. Physical activity effects on mental health

More studies are emerging on the effects of physical activity and mental health. Physical
activity participation can lower the incidence of depression and anxiety (Schuch et al., 2018,
Schuch et al., 2019, Rahmati et al., 2024). In a recent umbrella review of 7 prospective cohort
studies by Rahmati et al. (2024) reported that a high level of physical activity reduces the
risk of depression incidence (OR= 0.77; 95% CI = 0.72 to 0.82, p <.00001) and risk of
anxiety incidence (OR= 0.75; 95% CI = 0.63 to 0.89; p = 0.001). Regarding the amount of
physical activity requirement for such benefits, in a systematic review and meta-analysis of
15 prospective studies (n = 11930; 64% women), Pearce et al. (2022) reported that those

who met half of the recommended amount of physical activity (4.4 mMET hours/week or
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~75 minutes/week) had an 18% lower risk of depression, and those who met the full

recommended amount (8.8 mMET hours/week or ~150 minutes/week) had a 25% lower risk

of depression.

MSE specifically also improves depression and anxiety conditions. In a meta-analysis of 33
randomised controlled trials (n = 1877), Gordon et al. (2018) reported that resistance training
interventions, typically lasting 16 weeks (range 6-52 weeks), with a common session
frequency of 3 days a week (range 2 to 7 days) has a moderate effect in reducing depression
symptoms (A= 0.66; 95% CI = 0.48 to 0.83; p <.001). A recent systematic review and meta-
analysis of 21 randomised controlled trials by Cunha et al. (2024), comparing traditional
resistance training (i.e., weight training) with alternative resistance training (i.e., elastic
bands, bodyweight, and home-based exercise) reported that both types of resistance training
were effective in improving symptoms of depression and anxiety. However, greater mental
health benefits were observed with traditional exercises (vs alternatives), 3 days per week
(vs 2 days), 3 sets (vs 2 or fewer), and up to 6 exercises (vs 7 or more) (Cunha et al., 2024).
While both aerobic and MSE improve depression and anxiety incidence, there is limited
evidence on their effects on more severe mental health outcomes such as psychosis and
schizophrenia. In two studies reviewed by Rahmati et al. (2024), it was reported that a high
level of physical activity lowers the incidence risk of these conditions (OR = 0.73; 95% CI
=0.531t00.99, p =0.047), but further research is needed on the effects of different modalities
of physical activity.

Collectively, the literature demonstrates that physical activities, both aerobic and MSE, are
beneficial for a broad spectrum of outcomes, including reducing cardiovascular and
mortality risks, improving metabolic regulation, preserving skeletal function, and supporting
mental health, across a wide age range. Engaging in both types of activity is important, as
each offers unique benefits, and when MSE is combined with aerobic activity, these benefits
appear to be heightened. This highlights physical activity as a cornerstone of health

promotion across the lifespan and the importance of including MSE within this.

1.1.2. History of Physical Activity Guidelines

Given the extensive benefits of physical activity, there are guidelines across the world which

set out recommended amounts of physical activity people should aim to engage in. The
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earliest physical activity guidelines published by the American College of Sports Medicine

(ACSM) date to 1978, when the focus was only on participation in aerobic activity
(American College of Sports Medicine, 1990). It was recommended that adults perform
aerobic activities for 3 to 5 days a week, for 20 to 60 minutes/day continuously at 60% to
90% of their maximal heart rate, to develop and maintain cardiorespiratory and muscular
fitness (American College of Sports Medicine, 1990). Following this, in 1995, the Centres
for Disease Control and Prevention (CDC) and ACSM published updated recommendations
which stated that adults should accumulate 30 minutes or more of moderate intensity
physical activity, most or preferably all days of the week (Pate et al., 1995). Since significant
improvements in maximal oxygen uptake (VO2max) can still be achieved from accumulated
bouts (from 32.1 + 4.6 to 34.5 £ 4.5 ml/kg/min), the guidelines shifted from continuous
activity to accumulated bouts as this was thought to be more achievable for individuals with

busy schedules (DeBusk et al., 1990).

It was not until 2007 that the updated recommendation by ACSM and the American Heart
Association (AHA) specifically included muscle-strengthening activity twice per week in
the guidelines, along with aerobic activity recommendations (Haskell et al., 2007). The
muscle-strengthening activity recommendations were to perform 8 to 10 exercises, twice per
week, targeting the major muscle groups (Haskell et al., 2007). In 2010, the World Health
Organisation (WHO) published its first Global Recommendations on Physical Activity for
Health, providing age-specific guidance for children, adults and older adults (World Health
Organization, 2010). For adults aged 18 to 64 years old, the WHO recommends at least 150
minutes of moderate intensity aerobic activity, or 75 minutes of vigorous intensity aerobic
activity per week, accumulated in bouts of at least 10 minutes, and to increase to 300 minutes
of moderate intensity or 150 minutes of vigorous intensity aerobic activity for additional
health benefits (World Health Organization, 2010). The guidelines also included the
recommendation for muscle-strengthening activities, where they should be done for two or
more days a week involving a major muscle group (World Health Organization, 2010). The
first UK Chief Medical Officer (CMO) physical activity guidelines, jointly issued by the
four home countries (England, Scotland, Wales, and Northern Ireland), were published in
2011 (Department of Health and Social Care, 2011). This guideline was based on the 2009
Annual CMO Report, which recommended that adults engage in moderate-intensity activity
for 30 minutes, five days per week, in England, Wales, and Northern Ireland, and on ‘most
days’ of the week in Scotland (Department of Health, 2010). The variation in wording across

the home countries, along with a lack of clarity about the intensity and type of activities,
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highlighted the need for updated, more consistent guidelines (Bull and the Expert Working

Groups, 2010). The 2011 UK CMO physical activity guidelines align with the 2010 WHO
recommendations but also include age-specific recommendations and an emphasis on the
benefits of regular movement and on minimising sedentary time (Department of Health and

Social Care, 2011).

1.1.3. Current Guidelines

The most recent physical activity guidelines in the UK are the 2019 UK CMO physical
activity guideline (Department of Health and Social Care, 2019) and the 2020 WHO physical
activity guideline (Bull et al., 2020, World Health Organization, 2020). Similar, but not
identical guidelines and recommendations are also available worldwide, such as in the
United States (US Department of Health and Human Services, 2018), Canada (Canadian
Society for Exercise Physiology, 2020), Australia (Department of Health Disability and
Ageing, 2021), and New Zealand (Ministry of Health, 2020). To illustrate the consistency
and variability in the physical activity guidelines, Table 1.1 describes the recommendations
for adults across major domains (aerobic activity, muscle-strengthening activity, sedentary

behaviour and general principles) in several areas of the world.



Table 1.1: Summary of Global and Country-Specific Physical Activity Guidelines Recommendations for adults aged 18 to 64 years old.
Adapted from Bull et al. (2020), World Health Organization (2020), Department of Health and Social Care (2019), US Department of
Health and Human Services (2018), Canadian Society for Exercise Physiology (2020), Department of Health Disability and Ageing (2021),
Ministry of Health (2020).

Muscle-Strengthening

Year and Report Country Aerobic Activities Sedentary Time General Principle
2020 WHO Global 150 — 300 minutes e 2 ormore days a Limit time spent All adults should do
Physical Activity (moderate intensity) week, at moderate sedentary by regular physical
Guidelines or 75 — 150 minutes intensity, targeting replacing it with activity.

(Bull et al., 2020, of (vigorous the major muscle any intensity of Some activity is
World Health intensity) for aerobic groups. activity, including better than none.
Organization, physical activity. light intensity.
2020) More than 300

minutes (moderate

intensity) or more

than 150 minutes

(vigorous intensity)

for additional health

benefits.
2019 UK CMO United 150 minutes e At least 2 or more Minimise time Be physically active
Physical Activity | Kingdom (moderate intensity) days a week, spent sedentary every day.
Guidelines or 75 minutes targeting major and break up long Any activity is better
(Department of (vigorous intensity) muscle group. period of than none, and more
Health and Social or even shorter sedentary time is better.
Care, 2019) duration of vigorous




10

intensity, or
combination of all
three.

Some strengthening
activity is better than
none.

with at least light
physical activity.

2018 Physical United States At least 150-300 2 or more days a Limit the time Adults should do
Activity Guidelines | of America minutes (moderate week at moderate to spent sedentary regular physical
for American intensity) or at least greater intensity by replacing it activity.
(US Department of 75 — 150 minutes involving all major with any intensity
Health and Human (vigorous intensity) muscle group. of activity,
Services, 2018) or combination of including light
both. intensity.
For additional health
benefits, aim to do
more than the
recommended level.
2020 Canadian 24- | Canada At least 150 minutes At least 2 days a Limit sedentary Adults should be

Hour Movement
Guidelines for
Adults

(Canadian Society
for Exercise
Physiology, 2020)

of MVPA.

Do several hours of
light physical
activity.

week of muscle-
strengthening
activities.

time to no more
than 8 hours per
day.

Limit recreational
screen time less
than 3 hours per
day

Break up long
period of
sedentary time.

physically active
every day, limit
sedentary time and
get sufficient sleep (7
— 9 hours).
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Activity Guidelines
for New Zealand
Adults

(Ministry of
Health, 2020)

intensity) or 1 V4
hours (vigorous
intensity) activities

throughout the week.

For additional
benefits, aim for 5
hours (moderate
intensity) or 2 %2
hours (vigorous
intensity).

week.

time by sitting
less, move more
and break up long
period of sitting.

2021 Physical Australia 2.5 to 5 hours At least 2 days each Reduce sedentary Adults should be
Activity and (moderate intensity) week. time and break up active most day,
Exercise or 1.25 to 2.5 hours long period of preferable every day.
Guidelines for all (vigorous intensity) sitting. Some activity is
Australian or combination of better than none.
(Department of both. Start by doing some
Health Disability then slowly build up
and Ageing, 2021) to the recommended
amount.
2020 Eating and New Zealand 2 % hours (moderate At least 2 days each Reduce sedentary Some physical

activity is better than
none.

MVPA: moderate-to-vigorous physical activity.
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Overall, in the global and country-specific guidelines, the general recommendations are
broadly similar across each category. Aerobic activities are recommended for 150 to 300
minutes of moderate intensity and 75 to 150 minutes of vigorous intensity, with more health
benefits obtained by engaging in more activity. Muscle-strengthening activities are
recommended for at least two days a week and target the major muscle groups. Adults were

asked to limit the time spent sedentary, and some physical activity is better than none.

As this thesis is situated within a UK adult population, the 2019 UK CMO physical activity
guidelines (Department of Health and Social Care, 2019) provide the most relevant national
recommendations. These guidelines offer more detailed recommendations for the muscle-

strengthening activities compared to other countries, which are:

e Activities should use the major muscle groups in both the upper and lower body and be
performed until voluntary failure.

e Examples of activities include MSE such as machine-based, free weights, bodyweight,
and resistance bands exercises, as well as daily living muscle-strengthening activities
such as gardening, climbing stairs, carrying shopping bags, lifting and carrying children,

and wheeling a wheelchair.

The addition of daily living muscle-strengthening activities was described in detail only in
the UK guidelines, not in other guidelines. As for aerobic activities, the guidelines provide
examples of intensity-specific activities: brisk walking or cycling were suggested for
moderate intensity, running for vigorous intensity, and sprinting or stair climbing for shorter
duration for very vigorous intensity activity (Department of Health and Social Care, 2019).
Taken together, these guidelines (both aerobic and muscle-strengthening activities) establish
a clear benchmark for the levels and types of activities adults should be doing to obtain the
health benefits. They provide a reference point for understanding current levels of physical
activity participation and combined with the history of the guidelines, suggest that MSE is a

‘newer’ addition with regard to public health promotion.

1.2. PHYSICAL ACTIVITY PARTICIPATION PATTERNS

Despite the well-established health benefits of physical activity and the long-standing
availability of the physical activity guidelines, global physical inactivity remains high.
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Approximately 31% of the world’s adult population does not meet the recommended

physical activity guidelines, and this figure is projected to rise to 35% by 2030 if current
trends continue (Strain et al., 2024). Physical inactivity is one of the leading modifiable risk
factors contributing to the global burden of NCDs (Lee et al., 2012, Lavie et al., 2019). In
2021, it was reported that an estimated 43.8 million (95% UI 41.8 — 45.9 million) deaths
worldwide were from NCDs (Li et al., 2025). Increasing the participation rate in physical
activity is one of the key public health strategies to reduce the prevalence and mortality
associated with NCDs. In the UK, adherence to the aerobic and muscle-strengthening
activity recommendations is measured using national surveillance, such as the Health Survey
for England, the Scottish Health Survey, the Health Survey for Northern Ireland, and the
National Survey for Wales. These surveillance data also enable comparison between
adherence to aerobic and muscle-strengthening activity guidelines, emphasising the

differences in participation.

1.2.1. Comparison of Aerobic and Muscle-Strengthening Activity Guidelines

Adherence

Despite being a key part of the guidelines, the adherence to muscle-strengthening activity in
the UK remains lower than adherence to aerobic activity, with consistently lower
participation observed among women. In England, the 2021 Health Survey for England (n =
5880) reported that 64% of adults aged 16 and above met the aerobic activity guidelines,
with higher adherence among men (70%) than women (59%). In contrast, only 2% of adults
met the muscle-strengthening guidelines, with similarly low participation among men (2%)
and women (2%). Overall, 30% of adults met both aerobic and muscle-strengthening
recommendations combined, with a lower proportion of women (27%) meeting the

guidelines than men (34%) (Health Survey for England, 2023).

This pattern of higher adherence to aerobic activity relative to muscle-strengthening activity
is also observed in other nationally representative surveys. According to the 2023-24 Active
Lives survey report by Sport England (n = 171,926), 64% of adults aged 16 and above
reported an average of 150 minutes of activity per week, with men (66%) being more likely
to be active (defined as achieving at least 150 minutes a week of physical activity) than
women (61%) (Sports England, 2025). For muscle-strengthening guidelines, 44% of adults
meet the guidelines in the 2023-24 report, with a higher percentage of men (47%) meeting
the guidelines than women (41%) (Sports England, 2025). The Active Lives survey includes
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most sports and physical activity, including walking, when analysing overall participation,

whereas the Health Survey for England reports domestic activities and walking under
separate domains (Health Survey for England, 2023, Sports England, 2025). These
methodological differences, particularly in how muscle-strengthening activity participation
is assessed, limit comparability between the two surveys. However, even when the
measurement is broader and includes more activities, women remain less likely to meet the

muscle-strengthening activity guidelines.

A similar pattern of disproportionately low adherence to muscle-strengthening activity,
particularly among women, is evident in Scotland. In the 2023 Scottish Health Survey (n =
4949), 63% of adults (68% of men; 59% of women) met the aerobic guidelines. In contrast,
only 1% of adults met the muscle-strengthening guideline (1% men; 1% women). Overall,
29% of adults met both aerobic and muscle-strengthening recommendations, with a higher
proportion of men (32%) meeting the guidelines than women (26%) (Deakin et al., 2024a).
This survey also provides a detailed breakdown of the aerobic and muscle-strengthening data
and suggests that adherence to both guidelines decreases with age (Figure 1.4). Adherence
was highest among adults aged 16-24 years (46%) and declined progressively with age,
reaching the lowest level among adults aged 75 years and over (9%) (Deakin et al., 2024a).
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Figure 1.2: Adherence level to MVPA and muscle-strengthening activities guidelines
according to age and sex, adapted from the 2023 Scottish Health Survey Deakin et
al. (2024a).

In Northern Ireland and Wales, the national surveillance did not report data on muscle-
strengthening activity; thus, adherence in these countries could not be assessed. Low
adherence to muscle-strengthening activity guidelines is not unique to the UK but has been
consistently observed internationally. Using data drawn from the European Health Interview
Survey (EHIS Wave 2) between 2013-2014, Bennie et al. (2020a) assessed the self-reported
MSE using the European Health Interview Survey Physical Activity Questionnaire (EHIS-
PAQ) among 280,605 adults aged 18 years and older in 28 European Countries. It was
reported that only 17% of adults performed MSE sufficiently (>2 days per week). Highest
MSE prevalence was reported in Iceland, Sweden and Finland (range 51.6% - 34.1%), and
the lowest prevalence meeting the global MSE guidelines was reported in Romania, Poland,
Malta and Cyprus (range 0.7% - 7.4%). It was also reported that women were less likely to
perform MSE sufficiently, compared to men, with an adjusted prevalence ratio (APR) of
0.80(95% CI: 0.79 — 0.81). Similarly, in the United States, using data from the 2020 National
Health Interview Survey (NHIS) (n = 30,407) by Abildso et al. (2023) , it was reported that
only 35% of adults met muscle-strengthening guidelines and 25% of adults met combined
guidelines (both aerobic and muscle-strengthening). However, a key limitation of self-
reported MSE is the potential for recall bias. There are currently no device-based
assessments for MSE, such as accelerometers for acrobic MVPA, meaning participation in

MSE is almost exclusively measured via self-reported surveys. This limitation is consistent
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across national and international surveillance and likely contributes to the underestimation

of true adherence to the MSE.

In response to the limitations of existing self-report surveillance, Shakespear-Druery et al.
(2022) developed and evaluated the Muscle-Strengthening Exercise Questionnaire (MSEQ).
The MSEQ is a brief 9-item instrument designed to assess participation in MSE across
multiple dimensions. It captures the type of MSE (item 1; 4 categories: weight machine,
bodyweight exercise, resistance exercises and holistic exercise), frequency (item 2-3;
participation over the past 7 days), duration (item 4; minutes spent per session), muscle
groups targeted (item 5-8; 7 muscle groups which are legs, hips, back, abdomen, chest,
shoulders, and arms) and intensity (item 9; 10-point scale from extremely easy to extremely
hard). Items 2-9 are repeated for each type of MSE. The survey had a high test-retest
reliability for the frequency, duration and intensity both by individual MSE types and when
combined (p range 0.76 — 0.91). Reliability for the muscle groups targeted was moderate to
substantial by MSE types (k range 0.44-0.78) and fair-to-moderate when combined (k range
0.35-0.51). Concurrent validity was moderate to high for frequency, duration and intensity
(p range 0.30-0.77). Compared with existing national surveillance, the MSEQ provides a
more detailed classification of MSE participation, allowing for the identification of patterns
and prevalence across MSE types. However, population-level findings using the MSEQ have

not yet been widely reported, limiting its current contribution to MSE surveillance.

Differences in how muscle-strengthening activity is defined and measured may partially
influence reported prevalence estimates. Although the 2019 UK Physical Activity Guidelines
included daily living muscle-strengthening activities, such as gardening and stair climbing,
as part of the muscle-strengthening activity examples (Department of Health and Social Care,
2019), these activities are not consistently captured in adherence to the muscle-strengthening
activity guidelines. For example, the 2021 Health Survey for England reported that heavy
housework, heavy manual work, gardening, do-it-yourself (DIY) activities, and sports and
exercise, as activities of at least moderate intensity, were reported separately from aerobic
and muscle-strengthening activities (Health Survey for England, 2023). The exclusion of
these activities in surveys may contribute to an underestimation of adherence to muscle-
strengthening activities. As a result, although included as a means of achieving the national
guideline in infographics and online advice, these activities are less consistently explored in

research and surveillance compared to structured MSE.
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Across national and international surveillance data, adherence to muscle-strengthening
activity guidelines remains consistently low. This is particularly pronounced among women,
who are less likely than men to participate in sufficient muscle-strengthening activity despite
the well-established benefits. Taken together, these findings highlight a persistent gap
between the guideline recommendations and real-world participation. Therefore, there is a
need to better understand women’s engagement in muscle-strengthening activity so that

more targeted, acceptable strategies to increase participation can be developed.

1.3. BARRIERS TO MUSCLE-STRENGTHENING PARTICIPATION FOR
WOMEN

Given the evidence on the health benefits from MSE and the persistently low participation
among women, it is important to understand the barriers to participation among women.
Several studies have identified barriers to women's participation in MSE. The most common
barrier, as with for aerobic physical activity, often cited was perceived time constraint
(Hurley et al., 2018, Vasudevan and Ford, 2022, Kulavic et al., 2013). While this barrier is
common in both men and women, a systematic review and meta-synthesis of 20 studies
among adult women aged 18 years and older from USA, UK, Australia, Canada and New
Zealand by Vasudevan and Ford (2022) reported that the whilst time-effort barriers (from
working, travelling and energy demand) are an issue, family commitments (from caregiving)
or other obligations also act as barriers for women to participate in MSE which are more
common in women. In addition to these, Vasudevan and Ford (2022) also reported the lack
of knowledge and understanding to do MSE, the misconception of MSE only for physical
appearance and not health, financial constraints for MSE, such as having to obtain gym
membership or purchase equipment, injury concerns due to incorrect techniques, and illness

further hindered women’s participation in MSE.

Other qualitative studies also reported the social and environmental factors that affect
women’s participation in MSE. In a qualitative study by Coen et al. (2018) involving 52
participants (n = 34 women) in Canada, it was reported that women often felt uncomfortable
being in the weight area of the gym, especially when men were taking up spaces, dominating
equipment and being loud. Coen et al. (2018) also reported that socially constructed

gendered area of the gym, such as feminine for the cardio area and masculine for the weight
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area, has acted as a constraint to participation in different types of activities for women.

Similarly, Vasudevan and Ford (2022) reported that gender-based social stigma also hinder
women’s participation in MSE, where women often do not want to participate in MSE
because they do not want to look ‘bulky’ or ‘manly’, or women are discouraged from doing
MSE due to comments from others, such as women should not be muscular (Bopp et al.,

2004).

Taken together, these findings highlight the ongoing barriers that women face in participating
in physical activity, particularly MSE, underscoring the need for research to better
understand and address these challenges. Interventions designed to overcome these barriers

are crucial as they would help to increase women’s participation in MSE.

1.4. EVIDENCE ON INTERVENTIONS ON WOMEN’S PARTICIPATION IN
MUSCLE-STRENGTHENING EXERCISES

As discussed in earlier sections, MSE offers substantial health benefits, yet participation
among women remains persistently low. This highlights the need for effective intervention
strategies to increase participation in MSE. Although many existing intervention studies
target the general adult population, understanding which strategies could help women

effectively is essential.

In 2025, Van Roie et al. (2025) published a systematic review of 69 studies evaluating real-
life MSE intervention among healthy adults (n = 18962). This review synthesised studies of
MSE interventions implemented in real-world settings rather than controlled laboratory
environments, among adults aged 18 years and older. Most interventions in the review were
research-led, delivered in a community setting and predominantly involved structured
instruction, demonstration or supervised practice. Behavioural outcomes were commonly
assessed using self-reported session attendance or adherence via logs, journals or diaries.
Broader physical activity or MSE behaviour was based on questionnaires or accelerometry.
However, as only nine studies reported changes in engagement in MSE, the review
concluded that evidence for behaviour change outcomes was limited (Van Roie et al., 2025).
Drawing from this review, studies were identified that were most relevant to women’s
participation in MSE. Studies were selected if they were exclusively for women or included

sex-stratified data and reported behaviour outcomes related to intervention adherence. Of
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the studies meeting these criteria, five are examined in detail below. Although adherence

level does not directly reflect long-term participation, it provides an indicator of the
intervention’s feasibility and acceptability and offers insights into the type of MSE

interventions that women are more likely to engage with and sustain.

Ashmead and Bocksnick (2002) published a one-group, pre-post study on the effect of home-
based circuit training for 10 elderly women (mean age 66.4 + 6.7 years). The intervention
involved a 10-week, unsupervised, home-based circuit resistance training program using
resistance bands, bodyweight, and dumbbells, delivered via an exercise video, 3 times per
week. Prior to the intervention, participants attended a 1-hour seminar on performing the
exercises. Adherence to the intervention, recorded via exercise journal, was 100%. The study
reported significant improvement in right-hand grip strength (ts) = 2.4, p <0.05), and
improvement across six muscular endurance tests by 27.8% to 40% (all p <.01) after 10
weeks. Based on participants’ self-reports of subjective improvement, the improvements
observed were associated with increased confidence and ability to perform daily living
activities more vigorously (i.e., gardening, getting up and down the stairs and carrying heavy
objects), which may have contributed to exercise adherence. However, this study did not

report how participants felt about the home-based exercises or different exercise modalities.

In the “Stronger, Healthy and Empowered” (SHE study) randomised control trial by Arikawa
et al. (2011) on 164 overweight and obese women (n = 82 in the treatment group) aged 25
to 44 years old took part in 2 years MSE intervention that involved 4 months of supervised
period (month 1 — 4) and unsupervised period in year 1 (month 5 — 12) and year 2 (month
13 — 24). The intervention was conducted at a community centre (Y WCA fitness centre)
twice weekly during the supervised period, aimed at targeting behavioural capacity,
expectations, and self-efficacy. The sense of community was further strengthened through
the social support gatherings strategy, held twice a year, which provided ongoing support
for participants' continued involvement. The SHE studies also employed other strategies to
support adherence, such as personal booster sessions, phone and email reminders, incentives,
study website, letters or emails to significant others, childcare and gym membership. As a
result of this community-based intervention, adherence level on MSE participation, recorded
via workout log, was highest during the supervised period (95.4%). The adherence level

dropped to 64.5% in year 1 and further declined to 51.4% in year 2. However, because the
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relative impact of the specific adherence strategies was not evaluated, the effect of each

strategy on adherence support cannot be concluded.

Another community-based MSE intervention was by Seguin et al. (2008), a nationally
disseminated program over 40 states called the StrongWomen exercise program (SWP),
which includes 45 to 60-minute sessions, twice per week for 12 weeks. In 2012, Seguin et
al. (2012) published a one-group pre-post study to assess the effectiveness of the research
program involving 367 women (mean age 63+11years) in 16 communities across five states
in the United States. The study reported fitness test data by age groups (<60 years, 60-69
years, 70-79 years, and 80+ years). Significant improvements were seen in all six physical
fitness tests that include chair stand, arm curl, 2-minute step test, sit-and-reach, back scratch
and up-and-go (all p <.01) in each age group. While the study reported fitness test data
separately by age group, adherence to the program (recorded via session attendance) was
reported overall rather than by age. In the study, the class sessions ranged from 6 to 12 weeks,
with an average of 10 weeks of classes. Although this intervention was conducted in a
supervised, community-based setting, attendance was only 69.4% of the 20 weeks of twice-
weekly classes. However, there was a lack of quantitative exploration limits the

understanding of participants’ acceptance or experiences with the intervention.

In 2016, Heiestad et al. (2016) published a multi-group randomised controlled trial in
Norway involving three different resistance training implementations. The study involved
143 overweight women aged 18 to 65 years and was randomised into four groups (n = 90
analysed after drop-out; n = 23 BodyPump group exercises; n = 27 follow-up by a personal
trainer; n = 19 non-supervised exercise; n = 21 control group). The exercise intervention was
conducted at the SATS-fitness centres, including 45-60-minute sessions, three times per
week for 12 weeks. Participants were prescribed 36 exercise sessions, and the attendance
was logged via an exercise diary. Adherence to the exercise protocol was highest in the
personal trainer group (33+4.3 sessions), followed by the non-supervised exercise group
(27.8+6.6 sessions) and the BodyPump group (20.7+7.8 sessions). The study discussed that
exercising with a personal trainer may have increased participants’ motivation, as they
received feedback on their technique and performance. However, there is limited evidence
to support this, as the study did not explore participants’ perceptions of the exercise

intervention they received and only assessed survey outcomes in exercise motivation (via
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BREQ-2), self-perceived health (via SF-36), and quality of life (via Satisfaction with Life

Scale [SWLS]).

In 2022, Prieto-Prieto et al. (2022) published a home-based exercise program on health-
related quality of life (HR-QoL) and physical fitness among dementia caregivers in Spain.
The randomised controlled trial involved 54 women (n = 48 included in final analysis), aged
50 years and above, who were randomly allocated to intervention (n = 25) or control (n =
23) groups. The intervention comprises a supervised, 9-month home-based exercise
programme combining aerobic, mobility, and resistance exercises, with 72 sessions
delivered in total, each lasting 1 hour, twice weekly. Adherence to the exercise was recorded
based on the number of sessions completed by the supervising personal trainer. The mean
number of sessions completed was 69.7+3.4 (97% of sessions completed). The study
reported that the flexibility of the program being offered at home and personalised to the
caregiver's demands, as well as direct interaction with a personal trainer, may have

contributed to the high adherence to the program.

Collectively, existing interventions suggest that women’s participation in MSE can be
improved through structured support, such as supervision or social support, and through
flexible delivery formats, including group, community, and home-based settings. While not
explicitly stated, interventions that reduce barriers to time (i.e., flexible scheduling or
multiple sessions) and to skill acquisition (i.e., learning to perform the exercise correctly)
could support women’s participation in MSE. Among the few studies examined, some
reported high adherence to the intervention, but the small number of studies and
heterogeneity of intervention approaches leave limited clarity on which components of the
interventions are most effective in encouraging and sustaining participation. Most
interventions in the review by Van Roie et al. (2025) were mainly research-led and focused
primarily on instruction, demonstration, or supervised practice. Very few studies have
involved participants’ input in the intervention design process (e.g., through co-design or
focus groups), highlighting a gap in the development of participant-centred, contextually

relevant interventions, particularly for improving adult women’s participation in MSE.



22
1.5. RATIONALE

Muscle-strengthening activities were first included in the 2007 physical activity guidelines
by ACSM and AHA (Haskell et al., 2007) because of the additional health benefits they
offered (Bennie et al., 2020b), especially when combined with aerobic activities. The 2019
UK physical activity guidelines included several daily living muscle-strengthening activities,
such as gardening, carrying shopping bags, and climbing stairs, as part of the muscle-
strengthening guidelines (Department of Health and Social Care, 2019). However, national
surveillance data do not currently capture these daily living activities when reporting
adherence to muscle-strengthening guidelines. This limit the understanding of the types of
muscle-strengthening activities adults engage in and how these activities are reported in

muscle-strengthening guidelines may influence adherence rates.

Global estimates consistently show that physical inactivity remains higher among women
(33.8%) than among men (28.7%) (Strain et al., 2024). As indicated by national surveillance
data from England and Scotland, women are consistently less likely to engage in any
physical activity, especially muscle-strengthening (Health Survey for England, 2023, Deakin
et al., 2024a). Given the consistently low participation among women in MSE, numerous
studies have highlighted that women are one of the target groups for interventions (Strain et
al., 2016, Mielke et al., 2018, Strain et al., 2024, Van Roie et al., 2025). Several factors may
contribute to low participation among women in MSE, including time and financial
constraints, limited access to equipment or suitable spaces, and limited knowledge and low
confidence. These barriers highlight the need for approaches that directly address women’s

experiences and contexts.

Although many MSE interventions have been developed for adults, recent evidence indicates
limitations in how these interventions are designed and whose perspectives were reflected.
Interventions have largely been research-led and focused on instructions, demonstration or
supervised practice, with limited incorporation of participants lived experiences. This raises
concern about the extent to which existing interventions are aligned with women’s everyday
contexts, and points to a potential gap in participant-centred approaches to improving

women’s participation in MSE.
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Taken together, these gaps highlight three key areas requiring further investigation, which

arc:

e What activities are adults in the UK currently participating in to meet the muscle-
strengthening guidelines?

e How do women who meet and do not meet these guidelines experience MSE?

e How can interventions be developed collaboratively with women to ensure they are

acceptable, feasible, and aligned with their experiences?

This PhD thesis aims to address these issues through a sequential programme of work, as

outlined in the aims section below.

1.6. AIMS OF THE THESIS

The aims of this thesis are listed below.

The aims of Chapter 2 are:

e To identify the types, frequency, intensity, and duration of activities adults participated
in to meet the UK government’s muscle-strengthening activities recommendations.

e To examine whether there are any differences between the sexes.

The aims for Chapter 3 are:

e To explore the barriers and facilitators to participation in MSE among women aged 18
to 64 who are currently meeting the muscle-strengthening guidelines

e To identify strategies to improve involvement in these activities.

The aims for Chapter 4 are:

e To explore the barriers and expected facilitators to participation in MSE among women
who did not meet the muscle-strengthening activities guidelines.

e To co-design an MSE intervention to assist women’s participation.
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The aims of Chapter 5 are:

e To assess the feasibility and acceptability of a co-designed MSE intervention for women.
e To investigate the effectiveness of the co-designed MSE intervention on body

composition and muscular strength.

The aim of Chapter 6 is:

e To retrospectively map the co-designed intervention components to the COM-B model

and BCT Taxonomy to enhance theoretical transparency.
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CHAPTER 2 — EXPLORATION OF ACTIVITIES PEOPLE PARTICIPATED IN

TO MEET THE MUSCLE STRENGTHENING PHYSICAL ACTIVITY
GUIDELINES

The current chapter has been submitted for publication:

Rosaini, N. D., Dighriri, A., Gray S. R., Ryde, G. C. (2025). Exploration of Activities
People Participate in to Meet the Muscle-Strengthening Physical Activity Guidelines. /n

Review — Scientific Reports.

2.1. INTRODUCTION

Participation in muscle-strengthening activities, including resistance training, has numerous
benefits, such as increases in a person’s muscular strength, mass, endurance, or power
(World Health Organization, 2020), which allows people to continue performing daily living
activities (Mangione et al., 2010) and lead independent lives (Giovannucci et al., 2021,
Stamatakis et al., 2018) during ageing. Studies show that regular muscle-strengthening
activities can significantly reduce cardiometabolic disease risk by lowering systolic blood
pressure by 4.02—-5.08 mmHg, diastolic blood pressure by 1.73—4.93 mmHg, and fasting

insulin levels by 0.59 pU/mL, thereby decreasing insulin resistance (Grontved et al., 2014).

Additionally, regular participation in muscle-strengthening activities was associated with a
lower risk of all-cause and cancer mortality by 23% and 31%, respectively (Stamatakis et

al., 2018).

Given these benefits, muscle-strengthening activities have been included in several
countries' physical activity guidelines for adults since 2010 (Strain et al., 2016). The current
2020 global physical activity guidelines by WHO recommend two days a week of muscle-
strengthening activities, focusing on the major muscle groups for adults (World Health
Organization, 2020). This aligns with the 2019 UK CMO physical activity guidelines, which
include activities such as weight training in the gym and sports, but also daily living activities
like stair climbing, carrying shopping bags, and gardening (Department of Health and Social
Care, 2019). However, the percentage of people meeting these recommendations remains
low, particularly compared with those meeting the aerobic physical activity
recommendations (Strain et al., 2016). For example, around 70% of UK adults adhered to

the aerobic recommendations, whereas adherence to the muscle-strengthening
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recommendations is below 35% (Birtwistle et al., 2022, Health Survey for England, 2023).

Similar patterns of low adherence to muscle-strengthening recommendations were also
observed in the United States (27.2%) (Calatayud et al., 2023) and European countries
(17.3%) (Bennie et al., 2020a).

Daily living muscle-strengthening activities, such as stair climbing and carrying shopping
bags, whilst included as examples in many guidelines, are rarely included in surveys
intended to report these data. For example, the Health Survey for England reported these
activities under the work, housework and gardening domain and not the muscle-
strengthening domain (Health Survey for England, 2021). There is thus limited information
on the types of activities people participated in to meet the guidelines. This information is
important for understanding the current landscape of muscle-strengthening activity

participation and for developing appropriate interventions to increase participation.

Therefore, this chapter aimed (1) to identify the types, frequency, intensity, and duration of
activities adults participated in to meet the UK government’s muscle-strengthening activities

recommendations and (2) to examine whether there are any differences between sexes.

2.2. METHODS
2.2.1. Participants and Recruitment

From October 2023 to December 2023, adults aged between 18 and 64 years who are
currently living in the United Kingdom (England, Scotland, Wales, and Northern Ireland)
were recruited via promotional posters and adverts posted on platforms such as Nextdoor,
Microsoft Viva Engage, LinkedIn, Facebook, and X. Eligibility criteria were: being 18 to 64
years old, currently living in the United Kingdom at the time of participation in the survey
and being able to do muscle-strengthening exercises. The study was approved by the College
of Medical, Veterinary and Life Science Ethics Committee at the University of Glasgow
(Reference Number: 200220454) (Appendix 2-A) and adhered to the Declaration of Helsinki.
A consent form for data collection and publication was provided on the survey landing page,
and informed consent was obtained from all of the participants via an ‘I agree/disagree’

option. Participants could withdraw consent at any point during the survey, but not after
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submission. Participant information sheets, consent forms, and recruitment poster are

provided in Appendix 2-B to 2-D.

2.2.2. Survey

The survey was carried out via an online survey platform (Qualtrics Ltd.). The survey was
developed by the principal researcher (NR) and the wider research team (SG and GR). Initial
survey design was informed by the muscle-strengthening activity recommendations in the
2019 UK CMO report (Department of Health and Social Care, 2019) and the Muscle-
Strengthening Exercise Questionnaire (MSEQ), a validated survey developed by
Shakespear-Druery et al. (2022). The MSEQ informed the structure of the questions
assessing participation in muscle-strengthening activities, including the reporting of activity
frequency, intensity, and duration. To address the aim of the current study, additional items
assessing daily living muscle-strengthening activities, as included within the 2019 UK CMO
report, were added to the questions included in the MSEQ. This includes gardening, carrying
shopping bags, stair climbing, lifting and carrying children, and wheeling wheelchairs. These
items were formatted consistently with the MSEQ to ensure comparable reporting of activity

participation, frequency, intensity and duration.

Prior to data collection, the survey was piloted with three adults from the research group
who had no direct involvement in the study. Feedback from the pilot was reviewed by the
research team to ensure content relevance, clarity and consistency with the study aims before
the survey was finalised and distributed. The survey used for this study is available in

Appendix 2-E.

2.2.2.1. Demographics

Participants’ demographics included the year of birth, deprivation categories (derived from
postcode), sex, working status, academic level, marital status, whether they were caregivers
and wheelchair users. For the deprivation categories, quintile values were calculated from
the country-specific Index of Multiple Deprivation. Age data were used to stratify
participants following the age groups range in the Health Survey for England (2023) and the
Scottish Health Survey (Terris et al., 2025).
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2.2.2.2. Adherence to Muscle-Strengthening Activities Recommendations.

Participants were presented with the infographic and description from the UK muscle-
strengthening recommendations, as shown in Figure 2.1. They were then asked to self-report
whether they met these recommendations. Those who self-reported not meeting the
recommendations were still asked to complete the survey. For analysis, participants were
stratified into those meeting (the “Yes” group) and those not meeting (the “No” group) the

recommendations.

Physical activity for adults
and older adults
: T

ZZ 'mproves sleep
g Maintains healthy weight

0 Improves quality of life H

Some is good, Make a start today: Every minute
more is better it’s never too late counts

Be active

leduces your chance

moderate intensity ' o, vigorous intensity
per week G) /o, per week
increa hing br ast

strength

Lo on at least %

LJ For older adults, to reduce the
chance of frailty and falls

Improve balance

o

2 days a week

The infographic above provides details about the 2019 UK Physical
Activity Guidelines for adults and older adults. We are particularly
interested in the “build strength” part of the guidelines. Itis
recommended that adult build strength on at least two days a week to
keep the muscles, bones and joints strong. This can include activities
such as using bodyweight, free weights, resistance machines or
elastic bands, as well as activities of daily living such as stair climbing,
wheeling your wheelchair, carrying shopping bags, lifting and carrying
children, and gardening.

Do you think you meet these “build strength” guidelines by taking part
in muscle strengthening activities twice a week or more during a
typical week?

Figure 2.1: Question on self-report adherence to muscle-strengthening physical
activity recommendations. Infographic was adapted from Department of Health and
Social Care (2019).
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2.2.2.3. Muscle-Strengthening Exercises

Participants were asked to report their participation in four types of MSE adapted from the
MSEQ by Shakespear-Druery et al. (2022), which were:

e Weight machines: at home, in a gym or fitness centre.
e Bodyweight exercises: such as push-ups, sit-ups, and planking.
e Resistance exercises: using free weights such as dumbbells or resistance bands.

e Holistic exercises: including Pilates, Yoga, and Tai Chi.

Participants were asked to select the activities that they do in a usual week and report the

frequency, intensity, and duration of their participation.

2.2.2.4. Daily Living Muscle-Strengthening Activities

Participants were asked to report their participation in five types of daily living activities that
were included in the 2019 UK Muscle-Strengthening Physical Activity Guidelines
(Department of Health and Social Care, 2019), which were:

e Gardening

e Carrying shopping bags

e Stair climbing

e Lifting, and carrying children

e Wheeling wheelchairs

Participants were asked to select the activities that they do in a usual week and report the

frequency, intensity, and duration of their participation.

2.2.2.5. Frequency, Intensity and Duration

The frequency of participation was measured via a 7-day scale, and the duration of
participation was measured via a 100—minute scale. The activity intensity was measured
using the validated visual analogue scale by Robertson et al. (2003), where participants rated
the difficulty of activities on a 0—10 scale. For this survey, an intensity of 0—4 was classified

as low, 5—7 as moderate, and 8—10 as high intensity.
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2.2.3. Statistical Analysis

The survey data were reported following the ‘Checklist for Reporting Results of Internet E-
Survey’ (Eysenbach, 2004) (Appendix 2-F). Completed responses were analysed only if they
did not have a missing value for sex or the “Do you meet the muscle-strengthening
guidelines?” question. The frequency of activities was totalled to determine if they were
meeting the muscle-strengthening guidelines of doing two or more days a week. Statistical
analyses were conducted using SPSS V29.0.1.0. Crosstabulation was used for descriptive
statistics of the participants’ demographics and the distribution of the types of muscle-
strengthening activities, stratified by sex (male and female) and by self-reports of adherence
to the muscle-strengthening guidelines (“Yes” and “No” groups). The Pearson X? Test was
used to compare participation in several types of muscle-strengthening activities according
to sex. The continuous variables (frequency, intensity, and duration) for MSE and daily living
muscle-strengthening activities were compared between sexes via Independent Sample T-

tests. Significance was set at p < 0.05 throughout.

2.3. RESULTS
2.3.1. Participants

Of 1,058 survey responses, 443 were excluded due to incomplete data, not meeting inclusion
criteria or a small number of responses from other sexes (Figure 2.2), leaving 615 included
in the final analysis. The number of valid responses varies across demographic variables due
to item-level missing data. Thus, the denominator differs for each characteristic reported in
Table 2.1. Most responders were female (77%), in the 55 to 64 years age category (46%), in
the least deprived category (35%), employed or self-employed (60%) and had achieved a
university degree or higher (71%).
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Survey distributed
October 2023 — December 2023

l

Responses received
n=1058

l

Responses excluded
* Incomplete response (n = 264)
* Did not meet inclusion criteria (n = 171)
* Low responses from genders other than males and
females (n = 8)

Responses included in final analysis
n=615

Figure 2.2: Survey flow chart.

2.3.2. Adherence to Muscle-Strengthening Activities Recommendations

470 participants (76%) from the final analysis responded “Yes”, and 145 (24%) participants
responded “No” to meeting the recommendations. When assessing the reported activities of
those who reported “No” to meeting the guidelines, 95% met the two days a week
recommendation, with the majority meeting these recommendations when daily living
muscle-strengthening activities, such as stair climbing, were included (Table 2.1).
Additionally, four participants in the “Yes” group misreported meeting the guidelines, as
their survey responses revealed they were doing muscle-strengthening activities less than
two days a week (Table 2.1). Subsequent data are presented with participants in their initial

self-reported “Yes” meeting guidelines and “No” not meeting guidelines groups.



Table 2.1: Demographic distribution of meeting the strengthening guideline.
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Male (n = 144)

Female (n = 471)

Total sample “Yes” “No” Group “Yes” “No”
Group Group Group

n % n % n % n % n %

Deprivation Most deprived 71 13.8 21 20.2 2 9.5 34 11.6 14 14.1
Category 274 most deprived 78 15.1 13 12.5 1 4.8 40 13.7 24 242
Median quantile 86 16.7 19 18.3 3 14.3 48 16.4 16 16.2
27 Jeast deprived 100 19.4 14 13.5 7 333 64 219 15 152

Least deprived 181 35.1 37 35.6 8 38.1 | 106 363 30 303

Age Group 18 to 24 years old 53 8.9 14 12.2 2 7.4 28 8.3 9 8.0
25 to 34 years old 65 11.0 20 174 3 1.1 34  10.1 8 7.1
35 to 44 years old 73 12.3 14 12.2 2 7.4 39 11.5 18 159
45 to 54 years old 132 223 20 17.4 5 18.5 81 240 26 23.0
55 to 64 years old 270 45.5 47 409 15 55.6 | 156 462 52 46.0
Working Status Full-time student 99 16.1 23 19.7 6 22.2 47 134 23 195
Employed or self-employed 367 59.8 73 62.4 17 63.0 | 212 602 65 55.1

Doing unpaid work 27 4.4 1 0.9 0 0.0 20 5.7 6 5.1

Unemployed 24 3.9 2 1.7 0 0.0 11 3.1 11 93

Retired 91 14.8 18 15.4 3 1.1 59 16.8 11 93

Not specified 6 1.0 0 0.0 1 3.7 3 0.9 2 1.7
Academic Level No formal qualification after school 64 10.4 15 12.8 3 11.1 32 9.1 14 11.9
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Trade, technical certificate, 17.6

. . . 108 26 222 5 18.5 50 142 27 229
apprenticeship, or diploma
University degree or higher 434 70.8 75 64.1 18 66.7 | 264 752 77 653
Prefer not to say 7 1.1 1 0.9 1 3.7 5 1.4 0 0.0
Adherence to Only participated in muscle-
Muscle- strengthening exercises more than 2 18 2.9 4 3.4 1 3.7 11 3.1 2 1.7
Strengthening days a week
Activities Only participated in daily living

Recommendations  muscle-strengthening activities more 136 22.1 9 7.7 14 51.9 33 9.3 80 67.8
than 2 days a week
Participated in both activities more
than 2 days a week
Participated in both activities less than 1 18 1 0.9 ) 74 3 0.8 5 49
2 days a week
The deprivation category is based on the quintile of the index of multiple deprivation (IMD). The full category of working status is as follows: 1) Full-time
student, 2) Employed or self-employed, 3) Doing unpaid work (for own or family business/volunteering/looking after family or home), 4) Unemployed (looking
for a job/unable to work due to illness or disability), 5) Retired, 6) Not specified. The total sample represents the total responses in each category whereas the
percentage represents the percentage within the group. MSE: muscle-strengthening exercises. The number of valid responses varies across demographic
variables due to item-level missing data, therefore, the denominator differs dfor each characteristic reported.

450 73.2 | 103  88.0 10 37.0 | 306 86.7 31 263
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2.3.3. Types of MSE

Among the “Yes” group, the most frequently reported activities were bodyweight exercises
(n =369, 79%) and resistance exercises (n = 342, 72%), while the least reported activity was
weight machines (n = 211, 45%). In the “No” group, bodyweight exercises (n = 30, 21%)
and holistic exercises (n = 29, 20%) were the most frequently reported activities, and weight

machines (n = 12, 8%) were the least reported activity.

Figure 2.3 shows males' and females’ participation in different MSE, stratified by the “Yes”
and “No” groups. Notable sex differences were found within the “Yes” group where more
males participated in exercises using weight machines (57% males, 41% females, p = 0.002)
and performed resistance exercises (80% males, 70% females, p = 0.034), but more females
participated in holistic exercises, such as Pilates and yoga (33% males, 55% females, p

<.001). However, no sex differences in the type of MSE performed within the “No” group.

100
90 *
80

70 * * @Weight Machines

60 J_

50 @Bodyweight Exercises
40

%

B Resistance Exercises

20 [ OHolistic Exercises
10

Male Female Male Female

Yes Group No Group

Figure 2.3: The distribution between sexes in the types of MSE. * Denotes the
significance detected within the “Yes” group, where males participated more in
weight machines and resistance exercises, whereas females participated more in
holistic exercises.
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2.3.4. Types of Daily Living Muscle-Strengthening Activities

For both groups, the most frequently reported activities were carrying shopping bags (n =
420, 89% for the “Yes” group; n =118, 81% for the “No” group) and stair climbing (n =444,
95% for the “Yes” group; n =130, 90% for the “No” group). Wheeling a wheelchair was the

least reported activity for both groups (n = 12, 3% for the “Yes” group; n = 12, 8% for the

“No” group).

Figure 2.4 shows the participation of males and females in different types of daily living

activities stratified by the “Yes” and “No” groups, with no differences between sexes in

either group.

100
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40
30
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B Gardening
@Carrying Shopping Bags
B Stairs Climbing
OLifting and Carrying Children
OWheeling Wheelchair
Male Female Male Female
Yes Group No Group

Figure 2.4: The distribution between sexes in the types of daily living muscle-
strengthening activities.
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2.3.5. Frequency, Intensity and Duration of MSE

Table 2.2 compares the frequency, intensity and duration of muscle-strengthening
participation among those who reported performing each activity within the “Yes” and “No”
groups and between the sexes. All four MSEs were performed on average three days a week
in the “Yes” group and two days a week in the “No” group. Males in the “Yes” group
participated more frequently in bodyweight exercises (males = 3.47 + 1.61 days, females =
3.06 £+ 1.41 days, p = 0.035), resistance exercises (males = 3.37 & 1.24 days, females = 3.02
+ 1.29 days, p = 0.025) and weight machine exercises (males = 3.35 + 1.27 days, females =
2.57 + 1.15 days, p <.001) than females. No significant differences between sexes were seen

in the frequency of participation in MSE for the “No” group.

On average, both groups performed all four MSE at moderate intensity with no differences
between sexes in either group. Both groups performed MSE for an average of 30 to 40
minutes each time. When comparing the duration spent on all four MSE between sexes in
both groups, no differences were noted, except for the duration of holistic exercises in the
“Yes” group, where females spent a longer duration (males = 34.66 + 19.09 minutes, females

=45.79 + 19.19 minutes, p = 0.002) than males.

2.3.6. Frequency, Intensity and Duration of Daily Living Muscle-strengthening

Activities

For daily living muscle-strengthening activities, most activities were performed an average
of two days a week (Table 2.2). The most frequently reported activity in both groups was
stair climbing. The frequency of participation in daily living activities was similar between
sexes except within the “Yes” group, where males performed stair climbing more than

females (males = 6.45 + 1.13 days, females = 6.13 + 1.60 days, p = 0.024).

On average, daily living activities were performed at low to moderate intensities in both
groups. The intensity of different types of daily living activities showed no difference
between sexes in either group, except for the intensity of stair climbing where females in the
“No” group performed stair climbing at a higher intensity (males = 3.04 + 1.52, females =
4.34 +2.46, p = 0.002) compared to males, and males in the “No” group reported lifting and
carrying children at a higher intensity (males = 6.00 & 0, females = 4.29 £ 2.11, p = 0.004).
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Daily living activities were performed on average for 20-40 minutes each time, except for

gardening, which was performed for around 45-50 minutes each time in both groups, with

no differences between the sexes in either group.
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Table 2.2: Comparison between sexes on the frequency, intensity, and duration of muscle-strengthening activities among those who

reported doing each activity in the “Yes” and “No” groups.

The “Yes” Group The “No” Group
Male Female 1 Male Female 1
n Mean (SD) n Mean (SD) pvaue |, Mean (SD) n Mean (SD) p-value
Frequency (days/week)
Weight Machine Exercises 65 3.35(1.27) 139 2.57 (1.15) <.001 | 4 1.50 (0.58) 8 1.63 (0.74) 0.776
Bodyweight Exercises 87 347(1.61) | 272 3.06 (1.41) 0.035 | 7 2.86 (1.77) 21 2.10 (1.04) 0.315
Resistance Exercises 94 3.37(1.24) | 242 3.02 (1.29) 0.025 | 6 2.17 (1.47) 14 2.14 (1.03) 0.967
Holistic Exercises 35 2.77 (1.65) 186 2.75(1.62) 0936 | 2 2.50 (0.71) 25 2.20 (1.53) 0.788
Gardening 35 2.17 (1.50) 101 2.08 (1.15) 0.707 | 10  2.20 (1.40) 30 1.57 (0.86) 0.095
Carrying Shopping Bags 98 2.70 (1.29) 302 2.82 (1.36) 0.466 | 18 3.17(1.43) 94 2.73 (1.23) 0.185
Stair Climbing 106  6.45(1.13) 331 6.13 (1.60) 0.024 | 23  6.17(1.47) 104 5.79 (1.68) 0.310
Lifting and Carrying 20 4.65 (2.35) 40 3.85(2.17) 0.195 | 5 5.60 (1.95) 17 4.00 (2.09) 0.143
Children
Wheeling a Wheelchair 3 2.00 (0.00) 8 3.13 (1.81) 0.122 | 02 - 11 2.45(1.21) -
Intensity (perceived
difficulty, score 0-10)
Weight Machine Exercises 65 6.71 (1.82) 142 7.08 (1.41) 0.142 | 4 6.50 (1.29) 8 6.13 (1.46) 0.673
Bodyweight Exercises 88 6.73 (1.90) | 275 6.66 (1.78) 0.775 | 8 5.88 (1.64) 22 6.55 (2.09) 0.420
Resistance Exercises 92 7.18 (1.87) | 245 6.76 (1.83) 0.059 | 6 5.50 (1.87) 17 5.59 (1.84) 0.921
Holistic Exercises 36 5.31(2.33) 189 5.41(2.01) 0.775 | 2 5.50(0.71) 26 5.27 (1.51) 0.834
Gardening 40 4.20 (1.84) 110 3.96 (2.26) 0.554 | 12 3.92(1.62) 31 4.48 (2.76) 0.411
Carrying Shopping Bags 97 3.18 (2.27) 306 3.35(2.28) 0.503 | 22 3.68(2.01) 91 4.16 (2.50) 0.342
Stair Climbing 96 3.24 (2.43) 312 3.06 (2.52) 0.548 | 23 3.04 (1.52) 102 4.34 (2.46) 0.002
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Lifting and Carrying 20 2.90 (1.62) 42 3.83 (2.28) 0.106 | 4 6.00 (0.00) 17 4.29 (2.11) 0.004
Children

Wheeling a Wheelchair 3 3.33 (1.53) 8 4.63 (3.34) 0.544 | 02 - 11 5.18 (2.71) -
Duration (minutes/session)

Weight Machine Exercises 66 40.00 (21.88) | 143 3492 (17.91) 0.102 | 4 37.00 (16.06) 8 32.38(13.77) | 0.614
Bodyweight Exercises 87 31.16 (21.66) | 273  34.12(17.30) 0.193 | 6 32.50(20.16) | 21 23.81(13.92) | 0.233
Resistance Exercises 92  40.30(22.04) | 242  38.42(19.51) 0447 | 6 35.33(16.78) | 16 2538 (15.21) | 0.198
Holistic Exercises 35 34.66(19.09) | 192  45.79 (19.19) 0.002 | 2 56.50(36.06) | 27  33.56(19.99) | 0.144
Gardening 40 54.75(27.32) | 110  53.17 (23.62) 0.729 | 12 46.42(22.99) | 33  45.12(28.58) | 0.889
Carrying Shopping Bags 93  23.09(18.09) | 297  22.35(12.58) 0.714 | 20 23.40(13.22) | 91 23.98 (16.77) | 0.885
Stair Climbing 99  22.73(19.34) | 305  20.83 (16.36) 0.340 | 20 27.55(24.94)| 95 19.72 (15.86) | 0.191
Lifting and Carrying 20  27.30(15.01) | 37 30.19 (20.73) 0.585 | 4 47.50(19.23) | 16  35.44(28.44) | 0.437
Children

Wheeling a Wheelchair 3  36.33(18.72) 8 40.88 (28.56) 0.807 | 0? - 11 45.82 (26.31) -

a. p-value cannot be computed because at least one of the groups is empty.
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2.4. DISCUSSION

This study aimed to identify the types, frequency, intensity, and duration of activities adults
participated in to meet the UK government’s muscle-strengthening activity
recommendations and to examine whether there were any differences between sexes. The
study revealed that adults who participate in muscle-strengthening activities for at least two
or more days per week achieve this with a combination of daily living activities and MSE,
with bodyweight exercises as the most reported exercise type. While there were no
differences between sexes for daily living activities, sex differences were observed in the
type of MSE participation between males (weight machine and resistance exercises) and
females (holistic exercises). The intensity of MSE was also greater (moderate) than daily

living activities (low), with similar duration per session for both types of activities.

Understanding the muscle-strengthening activities of those who meet the guidelines offers
insight into how others could also achieve this. For MSE, bodyweight exercises were the
most reported activity across both the “Yes” and “No” groups (79%), while weight machines
were the least reported across both groups. A cross-sectional study conducted by Loustalot
et al. (2013) with 1,238 adults who engaged in muscle-strengthening for at least two days or
more, reported similar findings, with most (55%) participating in callisthenics—a type of
bodyweight activity. However, unlike the current study, they reported that free weights
(classified as resistance exercises in the current study) were the most reported activity (58%).
Bodyweight exercises typically require no or limited equipment and can be performed in
various settings outside the gym, whilst still being shown to improve hypertrophy and
strength (Ogawa et al., 2023, Kikuchi and Nakazato, 2017, Wei et al., 2023). Since they are
key to achieving the recommendations and strengthening benefits, these activities should be

explicitly stated in future guidelines, messaging and interventions.

There were sex differences in the types of MSE performed by participants in the current
study, but no differences between sexes in daily living activities. Males reported participating
more in exercises involving weight machines or resistance exercises, which include free
weights and resistance bands, whereas females reported more participation in holistic
exercises such as yoga and Pilates. Our findings align with a narrative review of five
population-level surveys on exercise mode preferences by Nuzzo (2023), which showed that
males preferred strength training over activities such as aerobics, flexibility exercises, or

dancing, while females favoured those activities over strength training. This again suggests
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the need for more relevant examples in the messaging of muscle-strengthening activities,

and explicitly the preference for MSE by sex.

This study found that among those reporting participation in MSE, most were performed on
two or more days a week, which aligns with current frequency recommendations (Bull et al.,
2020, Department of Health and Social Care, 2019). The UK guidelines also indicate that
muscle-strengthening activities should be performed “to the point where you need a short
rest before repeating the activity,” suggesting a moderate/high intensity (Department of
Health and Social Care, 2019). In this study, participants reported achieving moderate to
high intensity during MSE, but not for daily living activities. This raises questions about the
inclusion of daily living activities or at least some examples within the current
recommendations, as the intensity of effort, alongside frequency, is key for maintaining or
increasing muscle strength throughout life (Mangine et al., 2015, Wernbom et al., 2007). For
instance, there is limited evidence concerning the benefits of carrying shopping bags on
strength outcomes; thus, including this in the guidelines should be reviewed. Importantly,
including daily living activities affects how adherence to the guidelines is measured. As
shown in the current chapter, it significantly increases adherence estimates depending on
whether these activities are counted as muscle-strengthening activity. This suggests that high
apparent adherence among individuals who self-report not meeting the guidelines is due to
inclusion of questions on daily living muscle strengthening activities, as included in the
guidelines, which may, or may not, be of sufficient physiological stimulus to realise clear
benefits. Duration is another significant factor in the ‘dose’ of activity required for strength
benefits. Although not explicitly stated in the muscle-strengthening recommendations, this
study reported 20—-60 minutes per session of daily living muscle-strengthening activities and
exercises. This duration is likely beneficial, as previous work has indicated that 30-60
minutes of muscle-strengthening activities per week are linked to a 10-20% risk reduction
for mortality and cardiometabolic diseases (Momma et al., 2022). Therefore, this aspect

should be considered in future guidelines.

To the best of our knowledge, the current study is the first to provide a detailed breakdown
of muscle-strengthening activity among adults in relation to the UK 2019 Physical Activity
Guidelines, by characterising activity by type, frequency, intensity, and duration rather than
relying solely on adherence estimates. In contrast, national surveillances such as the Health

Survey for England (2023) and the Active Lives Survey (Sports England, 2025) primarily
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report adherence estimates to physical activity guidelines at the population level without

detailed information on how activity is accumulated. These surveillance methods do not
routinely differentiate between structured, exercise-based muscle-strengthening activities
and incidental daily living activities. In comparison, the present study explored muscle-
strengthening behaviour in greater detail by examining how activity is accumulated across
distinct domains, including both structured exercise-based muscle strengthening activity and
daily living activities. This enables a more detailed characterisation of muscle-strengthening
behaviour beyond adherence estimates and provides insights into the relative contribution of
different activities to guideline attainment. This study recruited individuals who met the
muscle-strengthening recommendations and therefore did not represent the general
population. However, no inferences about adherence to muscle-strengthening
recommendations are made, and as expected, these were higher than previous reports.
Notably, this study highlights that including daily living muscle-strengthening activities,
which are often excluded from national surveillance, can substantially alter the adherence
estimates. While these activities are included in the current national guidelines, future
research should explore whether they effectively increase muscle strength and provide
associated health benefits. The next limitation is the self-report nature of the data, where
participants may have provided socially desirable or inaccurate responses (Wanner et al.,
2017, Sandercock et al., 2022, Shakespear-Druery et al., 2022). Another limitation relates to
the wording and interpretation of the survey items. Despite using a validated instrument for
muscle-strengthening exercises, the items related to daily living activities may have been
interpreted inconsistently by the participants. The phrasing of questions regarding frequency,
intensity, and duration may have led to the variability in how respondents conceptualised the
activities, potentially influencing the reported estimates of participation. There is also a
possibility that the participants overestimated the duration of the daily living activities
performed, such as carrying shopping bags and stair climbing, as these activities are typically
incidental and intermittent in nature. Thus, it may not occur in a continuous bout of 20 to 40
minutes, which introduces the potential for measurement error. Whilst a validated survey
was used and provided useful insight into the activities people participated in to achieve the
guidelines, future work should build on this and further explore the experiences of those who
manage to achieve the guidelines. This is especially the case for females who may have

different experiences from males.
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2.5. CONCLUSION

The study found that adults who participate in muscle-strengthening activities for at least
two or more days per week achieve this with a combination of MSE performed at moderate
intensity and daily living activities performed at low intensity. MSE that require limited
resources, such as bodyweight exercises, were most reported with sex differences between
the types of MSE performed, but not for daily living activities. Daily living activities were
also performed at a lower intensity, highlighting the need to review the strength benefits of
some of these activities. These findings provide insight into the need for more specific advice
within guidelines, messaging and for tailoring interventions, especially by sex. Further
qualitative work is needed to explore the barriers and facilitators for muscle-strengthening

activities participation.
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CHAPTER 3 - WOMEN IN STRENGTH (WISH STUDY): HOW WOMEN

ENGAGE IN MUSCLE-STRENGTHENING EXERCISES

The current chapter has been published as follows:

Rosaini N. D., Gray S. R., Oyebola E., Ryde G. C. (2026). How Women Engage in
Muscle-Strengthening Exercises: A Qualitative Study from the WISH Project. BMC Public
Health 26, 604. https://doi.org/10.1186/s12889-026-26207-9

3.1. INTRODUCTION

Regular participation in physical activity reduces the risk of chronic diseases and improves
mental health and well-being for the general population. For women, participating in muscle-
strengthening activities offers additional benefits beyond those of aerobic activity alone,
including reproductive health outcomes (Sabag et al., 2024), and reducing the risk of
osteoporosis, sarcopenia and frailty (Sundell, 2011, Hong and Kim, 2018). In addition to
aerobic exercises, muscle-strengthening activities have also been associated with
improvements in postpartum depression and anxiety (Deprato et al., 2025). Studies have
established that women face an earlier strength loss than men, from menopause due to the
decrease in oestrogen (Calmels et al., 1995, Phillips et al., 1993, Montero-Fernandez and
Serra-Rexach, 2013), and involvement in muscle-strengthening activities is important to
mitigate this decline. This underscores the importance of muscle-strengthening for women

across their lifespan.

Current guidelines from the 2020 World Health Organisation and 2019 UK Physical Activity
Guidelines recommend at least two days a week of muscle-strengthening activities, targeting
the major muscle groups (Department of Health and Social Care, 2019, World Health
Organization, 2020). The UK national surveillance data from 2012 to 2023 in Scotland and
England consistently reveal that women are less likely than men to meet these
recommendations (Strain et al., 2016, Health Survey for England, 2023, Deakin et al., 2024a).
For instance, the 2021 Health Survey for England reported that only 29% of women (vs 36%
of men) meet the recommended muscle-strengthening activities guidelines (Health Survey
for England, 2023). Similarly, the 2023 Scottish Health Survey reported that only 26% of
women (vs 32% of men) met the recommendation (Deakin et al., 2024a). There are also clear
age-related trends among women meeting the muscle-strengthening activities guidelines.

The 2023 Scottish Health Survey showed an age-related decline in the proportion of women
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meeting muscle-strengthening guidelines (Deakin et al., 2024b), with participation highest

among young women aged 16 to 24 (46%), decreasing through early and mid-adulthood (33-
34%, ages 25 to 54), and dropping sharply after the age of 55 (19%, ages 55 to 64)(Deakin
et al.,, 2024b). These age-related trends likely reflect the different life stages women
experience, such as during the childbearing years, when women’s exercise participation
often declines (Hesketh et al., 2023, Goncalves et al., 2024, Saligheh et al., 2016) and are
essential to consider when aiming to understand why women engage in muscle-
strengthening activities. As discussed in Chapter 2, these adherence values are likely to
underestimate women'’s true participation in muscle-strengthening activities, as the national
surveillance data primarily capture structured exercises and do not report daily living
muscle-strengthening activities, such as stair climbing and carrying shopping bags, as part

of the muscle-strengthening domain.

Previous studies have begun to explore participation in MSE in women. A systematic review
and meta-synthesis of 20 studies (n = 402) by Vasudevan and Ford (2022) explored barriers
and motivators to women’s initiation and maintenance of strength training participation.
Barriers include lack of knowledge and enjoyment, inadequate support, caring
responsibilities and limited access to facilities or financial resources. Motivators included
social support, observable improvements in appearance, mental and physical health,
financial incentives and proper supervision during exercise (Vasudevan and Ford, 2022).
These findings are consistent with a substantial body of literature that identifies comparable
barriers and facilitators to women’s participation in MSE (Hurley et al., 2018, Kulavic et al.,
2013, Luckin et al., 2021, Coen et al., 2018, Petrov Fieril et al., 2014, Heiestad et al., 2016),
and they underscore the multifaceted complexity involved in supporting women to achieve

these guidelines.

While survey and surveillance studies provide important information on adherence and
participation patterns in muscle-strengthening activity, they provide limited insight into how
women actually experience MSE in real life, including the conceptual, social and
behavioural factors that influence participation. Quantitative approaches can be limited in
their ability to capture the complexity of experiences and human behaviour (Tenny et al.,
2021), whereas qualitative approaches allow for a more in-depth exploration of behaviour

within a specific context (Foley and Timonen, 2015). Therefore, a qualitative approach was
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important for exploring womens’ lived experiences in MSE participation and generating a

richer understanding beyond what could be captured through qualitative measures alone.

Although previous research by Vasudevan and Ford (2022) synthesised international
findings and including women who both did and did not engage in MSE, studies have
typically focused on specific groups (such as those who initiate and adhere to short-term
intervention) or populations (clinical populations, bodybuilders). Few have explored
individuals in the general population who habitually engage in muscle-strengthening
activities, which is essential for enhancing our understanding of behaviour maintenance in
real-world, ecologically valid settings. Understanding the experience of women meeting the
guidelines is important for identifying practical strategies and behaviour processes that may
inform future intervention development to help inform women not meeting the guidelines
how they might achieve this — via the development of an appropriate intervention. In addition,
prior work typically emphasised barriers and facilitators, while only a small number of
studies extend this to consider lived experience and solution-oriented strategies. Therefore,
this chapter aimed to (1) explore the barriers and facilitators to participation in MSE among
women aged 18 to 64 who are currently meeting the muscle-strengthening guidelines, and

(2) to identify strategies to improve participation in these activities.

3.2. METHOD
3.2.1. Study Design

This qualitative study is part of the Women in Strength (WISH) research project. This study
was approved by the College of Medical, Veterinary and Life Sciences Ethics Committee at
the University of Glasgow (Reference Number: 200230238) (Appendix 3-A) and adhered to
the Declaration of Helsinki. Data collection was conducted from March to May 2024.

3.2.2. Participants

Participants who completed the previous Muscle-Strengthening Participation Survey
(Chapter 2) and expressed their interest in participating in follow-up research were contacted
by email. Recruitment to the original survey is described further in the previous chapter
(Chapter 2) but includes using promotional posters and posting a survey link on

neighbourhood application (Nextdoor), Microsoft Viva Engage, LinkedIn, X and paid
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advertising via Meta Ads. To be included in the current study, women had to be aged between

18 and 64 years old when they participated in the original survey, living in the United
Kingdom, and participating in MSE for two or more days a week. Each participant was
compensated with a £20 Amazon voucher for their time after completion of the interview.
Participant information sheets, consent forms, and recruitment poster are provided in

Appendix 3-B to 3-D.

3.2.3. Data Collection and Interviews

The interview topic guides (Appendix 3-E) were developed by the principal researcher (NR)
and the research team (SG and GR) to explore participants’ experiences with MSE, the
barriers, facilitators and their strategies to improve women’s participation. The current study
focuses specifically on their participation in MSE such as weight machines, free weights
(dumbbells, barbells and kettlebells), resistance bands, bodyweight exercises and holistic
exercises such as yoga and Pilates. Structured MSE was selected because women
participated in these activities less frequently than men (Chapter 2), and targeting these
allows the study to better understand the disparities in engagement, identify practical barriers
and facilitators. The guide, therefore, focused on key domains of participants’ experiences,
motivation, and perceived barriers. Example questions included: “What initially inspired or
motivated you to start participating in muscle-strengthening?”, “Can you tell me what
challenges you faced when you were participating in muscle-strengthening?” and “What

makes participating in muscle-strengthening easier for you?”

All interviews were conducted by the principal researcher, NR (female, BSc, PhD student),
alone, who had received formal training in qualitative research. NR had no prior relationship
with the participants before the study began. NR’s background in Sports Science, as well as
her research interest in MSE, could influence her perspective during data collection and
interpretation. To mitigate potential interviewer bias, the research team (NR, SG, GR)
reviewed the interview topic guides to identify and edit any potentially leading questions,
and reflective discussions were held throughout data collection and analysis to critically
examine how researchers’ assumptions may have shaped the questioning, coding, and theme

development.
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During the interview, open-ended questions were used, with neutral prompts for elaboration

and follow-up questions that utilised the participants' own terminology. Participants were
given the option to have an online (via Microsoft Teams) or in-person interview (at the
University of Glasgow). Each interview slot was one hour long, and interviews were audio-
recorded via Teams or a digital audio recorder if in person. Verbal (for online interview) or
written (for in-person interview) consent to participate and to publish was obtained before
the interview. Data saturation was not monitored, in line with the epistemological stance of
reflexive thematic analysis, a qualitative method for identifying and interpreting patterns of
meaning based on the researcher’s subjectivity and reflexivity (Braun and Clarke, 2019).
Reflexive thematic analysis prioritises depth and the development of nuanced interpretations

over the completeness of themes (Braun and Clarke, 2021).

3.2.4. Participants’ Demographics

Demographic and exercise background data (age, deprivation category, working status,
academic level, marital status, frequency of participation in MSE, exercise setting for
muscle-strengthening, and type of exercises participated in) were also collected during the
interview. Postcode data were used to derive quintile values for deprivation categories,
where 1 indicates the most deprived and 5 the least deprived, based on the country-specific
Index of Multiple Deprivation, which combines indicators for income, employment,
education, health, crime, housing, and living environment (GOV.UK, 2019, Northern Ireland
Statistic and Research Agency, 2017, Scottish Government, 2020, Welsh Government, 2019).

3.2.5. Data Analyses

The current study is reported in accordance with the Consolidated Criteria for Reporting
Qualitative Research (COREQ) checklist (Tong et al., 2007) (Appendix 3-F). All audio
recordings from the interviews were transcribed using Otter.ai and checked by NR. Braun
and Clarke’s reflexive thematic analysis approach was used to guide the analysis, following
a six-phase process to identify, analyse, and report patterned meanings within the data, with
emphasis on reflexivity and iterative theme development (Braun and Clarke, 2006, Braun
and Clarke, 2019). NR and EO began the analysis process separately by familiarising
themselves with the interview transcripts and generating initial codes inductively.
Subsequent discussion between NR and EO focused on deepening the analytical insight and

refining the coding framework, rather than achieving coder consensus. Codes were further
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explored in a reflective discussion between NR, SG and GR to enhance interpretive depth

and ensure analytical coherence before progressing to focused coding across the dataset.
NVivo 12 Pro (QSR International Pty Ltd, Doncaster, Victoria, Australia) was used to code
all transcripts. NR and GR developed and refined higher-order themes, descriptors, and a
thematic map iteratively over three subsequent meetings (6 hours total), focusing on

conceptual clarity and coherence of the thematic structure.

3.2.6. Trustworthiness

To ensure the trustworthiness of the analysis, peer debriefing was carried out through
reflective discussions among the researchers. These discussions enabled emerging codes and
themes to be critically examined and refined, supporting the credibility and confirmability
of interpretations. Member checking was not conducted, consistent with the reflexive
thematic analysis approach, which focuses on the researchers’ reflexivity and interpretation

(Braun and Clarke, 2006, Braun and Clarke, 2019).
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3.3. RESULTS

3.3.1. Participants Demographic

137 participants who expressed interest in participating in follow-up research from the
original survey were contacted, with 54 expressing their interest in participating in the
interviews, and 24 consenting to the interviews. Demographic and exercise background data
of the 24 participants are displayed in Table 3.1. Most of the participants were aged between
55 to 64 years old (50%), lived in the least deprived area (38%), were employed (58%), had
a university degree (79%), and were married with children (54%). For the exercise location
and type of MSE, participants could select all that applied; therefore, the total could exceed
100%. The most reported locations were the gym (58%) and exercising at home (46%). As
for the type of MSE, the frequently reported were weight machines or resistance exercises

(83%) and bodyweight exercises (50%).

Interviews produced 466 minutes and 44 seconds of recorded audio. 4 themes and 14

subthemes were identified (Figure 1). The themes are:

1) Reason for participating in MSE (2 subthemes) (Table 3.2)

2) Barriers to MSE participation (5 subthemes) (Table 3.3).

3) Facilitators to participating in MSE (5 subthemes) (Table 3.4).

4) Strategies to improve women’s participation in MSE (2 subthemes) (Table 3.5).



Table 3.1: Demographic characteristics of participants.
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Participants
n =24 (%)
Age Group
18 to 24 years old 1(4.2)
25 to 34 years old 3(12.5)
35 to 44 years old 2(8.3)
45 to 54 years old 6 (25.0)
55 to 64 years old 12 (50.0)
Deprivation Category
Most deprived 4 (16.7)
2" most deprived 1(4.2)
Median quantile 6 (25.0)
2" Jeast deprived 4(16.7)
Least deprived 9(37.5)
Working Status
Full time student 4(16.7)
Employed or self employed 14 (58.3)
Unemployed 1(4.2)
Retired 5(20.8)
Academic Level
No formal qualification after school 1(4.2)
Trade, technical certificate, apprenticeship or diploma 4 (16.7)
University degree or higher 19 (79.2)
Marital Status
Single (never been married) 7(29.2)
Married (with children) 13 (54.2)
Divorced/Separated (with children) 4 (16.7)
Frequency of MSE Participation
2 to 3 days a week 17 (70.8)
4 to 5 days a week 4 (16.7)
6 to 7 days a week 3(12.5)
Exercise Setting
Gym 14 (58.3)
Home 11 (45.8)
Group exercise classes 6 (25.0)
Type of Exercises
Bodyweight exercises 12 (50.0)
Weight machines or resistance exercises 20 (83.3)
Holistic exercises (i.e. yoga, Pilates) 7(29.2)

The deprivation category is based on the quintile of the index of multiple deprivation (IMD). The full
category of working status is as follows: 1) Full-time student, 2) Employed or self-employed, 3) Doing
unpaid work (for own or family business/volunteering/looking after family or home), 4) Unemployed
(looking for a job/unable to work due to illness or disability), 5) Retired, 6) Not specified. Marital status
categories with zero responses (i.e. single (with children), married (without children), and
divorced/separated (without children)) were omitted from the table. Participants could select more than
one response for exercise location and type of exercise; thus, the total exceeded 24 and the percentage
exceeded 100%. n = number of responses in each category, % = proportion within that category.
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3.3.3. Theme 1: Reasons for Participating in MSE

This theme highlights the benefits of participating in MSE as a reason to begin participating.
Initial reasons for taking part in MSE were linked to concerns about health, including injuries,
family health, ageing, menopause, and the realisation of the need to maintain strength as they
aged, as well as for improving sports performance for some. Table 3.2 presents indicative

quotes corresponding to the codes, based on the reasons given by the participants.

3.3.3.1. Health concern: Having injuries and family health

Participants reflected on how having an injury shaped their participation in MSE. Some of
the injuries mentioned were pain involving the back, such as sciatic pain, herniated or disk
degeneration, and bone-related injuries such as plantar fasciitis and osteoarthritis. Though
this was not limited to their own injury or health conditions, as participants also mentioned
that looking at their families' health, such as parental health deterioration, including dementia,

motivated them to start participating in MSE.

3.3.3.2. Health concern: Ageing, menopause and awareness of maintaining
strength

Participants also described ageing as a reason for starting participation, whether due to their

own ageing or observing family members’ age. Concerns about ageing are also related to

menopause. Those experiencing menopause said that it caused them to gain weight, and

taking up MSE has helped them. Across accounts, there was a shared recognition that

awareness or realisation that they need to maintain their muscle strength as they age has been

a factor in their participation.

3.3.3.3. Sports performance
Some participants mentioned that they began participating in MSE to improve their sports
performance. They agreed that the strength they gained from MSE had benefited their sports

performance.
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Table 3.2: Reasons for participating in MSE.

Codes Subcodes Indicative quote(s)
Health Having injuries “I have arthritis in my thumb. I found that my grip strengths got a lot better since ['ve been using,
concerns especially heavier weights, doing a lot of that kind of work” (P01, age 54)

“When I was in my home country, like, a long ago, I was working as a medical representative, I used
to carry a bad on my shoulder, which is relatively heavy. I started having really bad back pain, a lower
back pain. And I was advised to strengthening my back muscle to support my spine more and better. |
started doing some yoga then I thought that was not enough. That’s why I started different kind of
exercises.” (P16, age 34)

“Two years ago, I had really bad back. I had a herniated disc. It probably took a year to clear up
completely, though. So, when my back was bad, I went to physio and was given a physio programme
and that’s basically what started me doing the muscle-strengthening exercises, and then I started going

to Pilates...I think I sort of had the motivation. The motivation came from not wanting to be injured.
Again.” (P25, age 64)

Family health

“I supposed the big motivation factor is my mom (health) was really poor. She had multisystem
atrophy. So, we watched her kind of decline. And in the back of my mind is kind of like if I did better on
baseline fitness, that if I do anything like that, I might have a better starting point than what she did.”
(P09, age 43)

Ageing

“I think it’s sort of for our future proofing, investing in my health, particularly to have seen my
parents’health deteriorate.” (P22, age 54)

Menopause

“I've had children and in the middle of perimenopause. I found that I put on quite a lot of weight when
1 started menopause, and I found that this (muscle-strengthening exercises) has helped me stabilise my
weight a lot more than cardio.” (P01, age 54)
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Having awareness or
realisation of
maintaining
muscular strength

“I think the realisation that you have to keep your muscle strength comes when you 're in your 30s. 1
think maybe when you realise that you do need to stay fit to look after your family...I probably always
knew that everybody should do it. When I was young, doing nursing, it was very popular back then in

the 80s and 90s to go to step classes and aerobics...as you got a bit older, you realised that you need
muscle strength to kind of balance it.” (P24, age 58)

Sports
performance

Improving sports
performance

“I do a lot of leg work because that strengthens my rowing.” (P02, age 50)
“I recently took up weights to improve my karate.” (P06, age 24)

“When I was starting, [ was doing sport (rowing). And I think some part of it was to get better at
rowing is to be able to produce more strength in it.” (P10, age 26)
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3.3.4. Theme 2: Barriers to MSE Participation

Participants reported several barriers that arose regarding their participation in MSE. These
barriers included perceived time constraints due to study and work commitments, lack of
confidence in their ability to do the exercises, the accessibility regarding the cost and
equipment availability, the cultural stigma and societal perception of MSE for women, and
low motivation. These factors often compete with participants’ intention to exercise, thus
creating barriers that they must overcome to exercise. The indicative quotes that represent

the codes for this theme are presented in Table 3.3.

3.3.4.1. Perceived time constraints

A recurring challenge shared by participants was perceived time constraints. Participants
who studied and worked full-time found it hard to find the time for exercise. However,
despite time being a challenge, participants shared that they will still find time or ways to
exercise. Although this was not always the case, with the age demographic of this study
being varied, some participants did not find time challenging, as they have now retired and

have no caring responsibilities once their children grew up.

3.3.4.2. Confidence in ability

Participants commonly reported that confidence in their ability to participate in MSE
challenged their participation. This is mainly because they are not sure how to do the
exercises and whether they are doing them correctly or not. Therefore, they mainly

participated in exercises that they were more confident in.

3.3.4.3. Accessibility

Participants also reported that accessibility is a challenge in participation in MSE. This
included concerns about the financial cost of gym membership or hiring a personal trainer,
as well as limited access to equipment (not enough lighter weights at the gym) and

appropriate physical spaces to work out, both at home and in gyms.

3.3.4.4. Cultural stigma and societal perception

Another challenge described by the participants was the culture of stigma and societal

perception of MSE for women. Participants felt like the gym environment was more male-
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dominated and catered towards men, making them feel conscious, uncomfortable and

intimidated. They also faced societal perceptions that women do not want to do MSE because

they don't want to look big or bulky or risk injury.

3.3.4.5. Low motivation

Finally, some participants mentioned that, despite mostly meeting the guidelines, their
motivation to perform MSE fluctuated on some days, making it difficult to maintain
consistency. They also reflected that when the exercises become easy to do, it reduces their

drive to push beyond their comfort zone.
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Table 3.3: Barriers to MSE participation.

Codes Subcodes Indicative quote(s)
Perceived Study and work “I work full time and I'm doing a PhD. So, I kind of always struggled to find the time for exercise, but
time commitment 1 fit it at the moment into my lunch hour.” (P01, age 54)
constraint “I worked full-time. So, finding a slot where I could do it because obviously with personal training,
there’s only a certain amount of hours in the day and stuff. But I've now realised that I have to make
the time because it’s good for me and it’s my time.” (P07, age 58)
“Yeah, it'’s one of the reasons why I do exercise at home because it can be done quickly. You can do it
in maybe half an hour. Whereas at the gym it can take a long time.” (P19, age 60)
Free time and no “Before I retired, everything was a challenge because I had no time, and I was too tired. So not having
caring to go out to work has made it very easy for me.” (P15, age 60)
responsibilities “Got lucky with that. My children are around 20 to 25...So I don t really have any responsibilities
around that anymore. It certainly would’ve been a bigger barrier years ago, trying to deal with
childcare, and you prioritise the children's activities than your own.” (P23, age 55)
Confidence Unsure on how to do | “I would never go to a gym and use their equipment because I will be thinking, gosh, I've never been
in ability the exercises to the gym. I don't know where to start. I don 't know how to use this (equipment). 1'd feel stupid.”

(P05, age 62)

“...we’ve been away in our motorhome for four weeks. We took all our resistance bands so that we
could do our strength training in the van. Well, they never came out. They never got out once...I am
not confident with using resistance bands. So, I don t really know how they work. So, I couldn t pick
one up and know instantly how to do the exercise.” (P17, age 64)

“My knowledge of using machines isn 't good. So, I tend to go to different classes, whether it’s like legs,
bums, and tums, or circuits. I supposed my knowledge is recent, not basic. I suppose I would want to
get better at identifying proper exercises.” (P23, age 55)
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Accessibility

Cost

“When I was a student here (university), I got a discount but as a working adult, some other gyms get
quite expensive.” (P06, age 24)

“I would love to sign up for a PT, but, you know, there s one thing paying £25 a month for gym
membership, but it was close to £25 a session for an hour minimum for a PT.” (P23, age 55)

Space and
equipment
availability

“Depends what time you go. It could be that it'’s so busy that you just cannot do the exercise that you
have planned. And I'm autistic. So, 1 stick to the plan. And that's a big challenge. If I can't do my plan,
and there'’s a lot of waiting.” (P08, age 44)

“At home, the challenge probably needing the equipment for lifting heavier weights. Possibly the
environment, the space.” (P19, age 60)

“In certain gyms, they have 15kg bars, which for a lot of women, it makes upper body workouts more
accessible with a barbell. But some gyms will only have a 20kg bar. For women starting at 20kg is just
too heavy.” (P20, age 58)

“The weights I've got (at home) from lockdown, I want heavier ones, but I'm not going to get it but I'm
also not going to get rid of them (the lighter weights). Because it was really hard to get hold of gym
stuff during the lockdown and then it was really, really, really expensive. People were selling the most
disgusting, rusty kettlebells that had been outside for like three years for like 80 pounds. But at that
time, it was just virtually impossible to get hold of anything. But also, I don't want to get rid of stuff in
case we're confined.” (P22, age 54)

Cultural
stigma and
societal
perception

Male-dominated and
oriented and catered
towards men

“Sometimes in the weight room, you can imagine the man are all grunting and throwing the weights
around and that's quite just not very pleasant.” (P04, age 47)

“When it's really busy in the gym, I'm not gonna go and park myself'in an area of the gym that’s full of
men training.” (P09, age 43)

“So much of the gym equipment isn 't designed for women. Like racks of dumbbells at 17 and a half,
but there s only one set of 12 and there are loads and loads of 2kg weights. That is patronising towards
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women...I would love to visit a gym that has been designed by women for women and see what it looks
like. It doesn t mean everything is pink...One of the reasons I don t like (going to the gym) at six
o’clock is it’s all regulars. They are very male. They know exactly what they are doing. They
monopolise the equipment.” (P22, age 54)

Societal perception
of women not
needing MSE

“There’s a bit of a generation thing as well, because like my mom, in her generation, if you said to her
you need to lift weights or do resistance training, they re kind of like, well I don t want big bum. But
that s not the point of it.” (P02, age 50)

“My husband laughed when I told him I was going to do it and his initial thoughts was I was going to
look like one of the bodybuilders with the bikini and everything...so I explained to him that I wasn't
going to go on steroids and that I am not going to look like that.” (P07, age 58)

“I think unfortunately, there is still this assumption that it’s probably going to change from women
doing cardio to now they do yoga and Pilates, and the guys go to the gym. But I think that guys can get
an awful lot of flexibility, just as much as women can get an awful lot out of strength... There are also a
lot of misconceptions out there about strength where you can damage yourself or that as a woman you
can get bulky. People come to me and go, oh, I don 't wanna get bulky, and I've said, well, you're a
woman, you haven 't got the testosterone in your body.” (P20, age 58)

Low
Motivation

Low motivation to
do exercise

“The only challenge I find is motivating myself to do it...with the videos, because I will think, oh,

tomorrow I'll do that. Then tomorrow comes and you don t do it for one reason or another.” (P05, age
62)

Low motivation to
step out of the
comfort zone

“It does get to a point where you tend to do the same things because it’s easier. It's harder to motivate
yourself to progress on your own.” (P19, age 60)
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3.3.5. Theme 3: Facilitators to Participating in MSE

This section covers the participants’ experiences and facilitators for their continued MSE
participation. These facilitators include the usage of information and resources, finding ways
to make themselves accountable to do the exercises, having social support, and having
choices of location and exercises. As they continued with these activities, they emphasised
the benefits that influenced their long-term participation, including the positive changes in
their physical and mental health. Table 3.4 presents the indicative quotes that illustrate the

codes reported by facilitators for participating in MSE by the participants.

3.3.5.1. Use of information and resources

Having resources and information available helped participants. When asking about the kind
of resources and information that they used, several examples were given (Table 3.4). For
example, some participants explained that having these resources available has helped them
to progress in their MSE journey. Others reflected on how they use group exercise classes as

a gateway to become more comfortable and confident with exercise.

3.3.5.2. Accountability

Participants shared several other ways that made them accountable to do their MSE. Paying
for gym membership, classes, or personal trainers helped them to stay accountable to do the
exercise, while goal setting, such as aiming to increase strength, being able to lift heavier
and look better, helped them to be consistent in their participation in MSE. Creating a routine,
for example, by setting a specific time to exercise, was also described as a means to maintain

participation amid time constraints.

3.3.5.3. Social support

Participants also shared that companionship and support systems help them maintain their
participation in MSE. While some participants preferred to exercise alone, others found that
having friends or partners to exercise with motivated them and made them more accountable.
Words of encouragement from their family and friends have also helped participants
continue participating in MSE. Several participants also shared that doing exercises that they

enjoyed helped them to continue participating in MSE.
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3.3.5.4. Ability to choose

Having the ability to choose the exercise location was also a factor that facilitated
participants’ journey in MSE, as it relates to accessibility and comfort. Participants described
that having the gym location nearby and accessible made it easier for them to do the exercise.
For the same reasons, several participants chose to exercise at home because it is easier and
more convenient for them. The ability to decide to do something they enjoy, such as

attending exercise classes, has helped them stay motivated to complete the exercise.

3.3.5.5. Positive changes

Participants shared that experiencing positive physical and mental changes reinforced their
continued participation. Improvement in physical strength, flexibility, body shape and pain
management were highlighted, as were improvements in confidence and mental well-being.
For some, MSE became a form of self-care or therapy, offering both psychological and

physical benefits, which in turn supported their participation in MSE.
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Table 3.4: Facilitators to participating in MSE.

Codes Subcodes Indicative quote(s)
Use of Using available “Having a personal trainer” (P07, age 58, P14, age 62, P20, age 58, P22, age 54, P25, age 64),
information resources and “Using an application” (P10, age 26, P14, age 62, P22, age 54, P23, age 55, P25, age 64),

and resources

information

“Going online such as Google and YouTube” (P05, age 62, P10, age 26, P15, age 60, P18, age 45,
P19, age 60, P22, age 54, P24, age 58),

“Going to exercise classes” (P05, age 62, P07, age 58, P11, age 63, P16, age 34, P22, age 54, P23,
age 55, P24, age 58)

“Buying online exercise course” (P17, age 64).

“I just found a couple of YouTuber trainers that seemed to resonate with me, seemed reliable to me.
And 1 like really focused on the videos. Actually, the very beginning, it wasn t even YouTube. It was
an article that I looked on Google, and I found the programme and I was following it for a while,
then I start seeing how to do things, I would see videos and then eventually I would just watch the
videos.” (P10, age 26)

“I went to the gym a bit and signed up for a class...1I started to go on an organised class to sort of see
what it was all about, how I felt, get comfortable with the physical location and see how I felt with
the exercises. So, I started doing classes, then I got a personal trainer. Then I moved with that, and
I'’ve gained more confidence to use all the equipment and free weights myself.” (P22, age 54)

Group exercise
classes

“l used to do that (classes) before I felt confident enough to just go to the gym by myself. But then as
soon as I transitioned into that, I just stuck with no classes.” (P10, age 26)

Accountability

Cost

“If you sign up for a class, there's accountability because you pay the classes involved in the monthly
payment and if you cancel, you kind of let yourself down, if that makes sense. If you don't show up,
then it’s kind of like three strikes system then you 're blocked for a week.” (P23, age 55)




64

“I’'m up north so gym membership isn 't expensive. Discretionary spend for some but if I were putting
something down, whether it is an essential spend or discretionary, I would put gym membership as an
essential spend...I realised the importance of it for my own health and healthy heart, importance of
strength training as well.” (P22, age 54)

Goal setting

“[ think, psychologically, not making it too difficult. Which is why I only use very light hand weights.
Because I know I am not going to be too sore afterwards. I think that I just wanted to be as fit as |
can be at this stage of life that [ am.” (P24, age 58)

Scheduling

“I was confident enough when I was working to schedule it in my diary, so people knew. I used to
have team meetings with my boss, and it started at quarter past nine in the morning, and I asked if
we could change it to half past nine so that I could go to the gym, and with that extra 15 minutes, 1
was less sweaty and flustered and feeling rushed to it. I thought I felt confident enough to say, well if
Idont ask, I won 't know...So it'’s being confident saying, this is what I do, this is my time, and sort of
scheduling it.” (P22, age 54)

Social support

Companionship

“Having a friend to do it with me and not being on my own. Because that gives you a competitive
edge to it. Like when you lift something, I always lift more when I'm with my friend. If [ was on my
own, I'd probably just be like, oh, I'm tired, I am going to leave now, you know. Having a person with
you is great and also having someone telling you, you're doing great, and coming up with ideas, oh,
we re doing stuff like this.” (P0S, age 44)

“Meeting my friends when I first joined this new gym was brilliant. Because we held each other
accountable, you won t want to let them down for not meeting them. That was really helpful.” (P22,
age 54)

“I think I am more motivated that my partner does it with me in the morning on a workday. Because |
think, to be honest, if I was in the house on my own, and it was like seven in the morning, I would
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probably just have two coffees. But because he motivated me to do 20 minutes, then I do the 20
minutes and then I have a coffee.” (P24, age 58)

Words of
encouragements

“For me, I would say that I have support at home. I have a very supportive partner. He will look after
our child and his support allows me to spend time doing the things that [ want to do.” (P04, age 47)
“I have a partner who's very encouraging. Like, if ['m not feeling like going one day, maybe he will
push me to go because he knows I would like it.” (P10, age 26)

“I think I probably surprised people. My husband said he's really proud of me because I really sort of
stuck at it. I think other people have said, I never saw her at the gym but now every time I go in there,
she's there!” (P25, age 64)

Ability to
choose

Exercise

“I like lifting heavy things. I would say I like moving, particularly swinging a really heavy kettlebell
or throwing a barbell around. Personally, I found that empowering as a woman.” (P20, age 58)

“I think I like being flexible. I like doing things that make me feel flexible. So like getting into weird
positions in yoga. For somebody who is 57, I like to think that I am a bit flexible. I also really like the
fact that things like Pilates and yoga work quite a lot on your core. But you don t really get in a sweat
or out of breath.” (P24, age 58)

Location or logistic

“My access to the gym has made it really easy for me. It’s all in my route going to the university, as
well as within walking distance. I think if it wasn t that it would be a bit of a challenge.” (P13, age
34)

“It’s convenient and quick. Quicker than having to actually go somewhere. Being able to do it at
home is part of why I would do it. It's not like I couldn t go to the gym. There's a local gym. It s just
that 1 find the gym is not very welcoming a lot of the time.” (P19, age 60)

“Motivation is good when I'm in a class because we are doing it together. If [ were to do it myself, I
don t think I would do it.”” (P11, age 63)
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“The feeling of achievement when I finished the class. I also enjoy it because it's a group setting. |
tried to go to the gym before, I just did not enjoy it. I did not feel motivated to finish the exercise. In
the class, I like the structure of the class. I like that it's like having a personal trainer, but in a group
setting...also the motivation side of it when seeing people doing and pushing forward just made me
want to do more.” (P16, age 34)

Positive
changes

Confidence

“When I started it, [ wanted to avoid the pain that I was having and for the state of my body. But now
as you study more about the human body, it's also for the health benefits that you get. When you first
started, you were not sure about techniques, so you carried small weights and everything. Your
confidence with the practice will then increase and yeah, you go and challenge yourself more. So
that's why it becomes more rewarding, and you become happier doing this stuff.” (P16, age 34)

Mental health

“I started lifting because my eldest daughter was quite unwell and her psychiatrist said I needed to
have counselling, to talk about her mental illness. We talked about it a lot and I couldn 't do that
anymore. So, one day I started to go to the gym, and I found lifting heavy deadlifts became my
therapy...that was the thing I did because you can t think about anything else. When you pick
something heavy off the floor, you ve got to concentrate on it, you can t be distracted, you can't have
any noise in your head, you just have to focus on what you're doing and be in the moment and be
present.” (P20, age 58)

Positive body image

“...I supposed that kind of secondary benefit is that you look better in your clothes.” (P04, age 47)
“My husband says my body shape is now back to what I had in my 20s...1 definitely feel stronger, and
you know, my body shape has changed considerably.” (P07, age 58)

Pain management

“I have been diagnosed in the past as having disc degeneration in my lower back. I think it’s
probably worse if [ don 't exercise. So, I can use it as an excuse (to not exercise), but when I do
exercise, it § actually lessened the pain and much better.” (P19, age 60)
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3.3.6. Theme 4: Strategies to improve women’s participation in MSE.

This theme refers to participants' advice and strategies to help other women participate in
MSE. Strategies were described at both what an individual can do and what others could do
to encourage participation in MSE. These strategies show how individual motivation, social,
and physical environmental factors, such as women-only spaces, can encourage and maintain
an exercise habit. This theme, with its indicative quotes representing the codes, is described

in Table 3.5.

3.3.6.1. What an individual can do

At an individual level, participants emphasised keeping it simple and using different
modalities, such as doing bodyweight exercises, using resistance bands or trying out Pilates
and yoga as a start to build their confidence in participating. They highlighted that starting
with MSE does not mean it must be done at the gym. They suggested that simple activities
using resistance bands or body weight, searching online for how to do strength exercises and
examples, can help to build their confidence. For those looking for extra guidance on
building confidence and learning the correct way to perform the exercise, participants
highlighted that working with a personal trainer or joining an exercise class would be

beneficial.

3.3.6.2. What others can do

Participants reflected that spreading awareness of the importance of MSE would be helpful.
Participants described that emphasising on the health benefits, not just losing weight or
gaining strength, would help other women understand that participating in muscle strength

1s an investment for their future health.

Creating women-only spaces or sessions was suggested as a strategy to reduce feelings of
intimidation and self-consciousness in gym environments. Providing kid-friendly classes
was also described as beneficial for women with childcare responsibilities, as they can still

attend the classes without having to find childcare.

Having more personal trainers who specialise in women’s fitness was discussed as important,

given that women experience different stages of development throughout their lives,
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including puberty, pregnancy, and menopause. Participants also highlighted that looking for

online content made by women and that is suitable for people of various abilities would help
women get started in MSE. While participants noted the concerns about the reliability of the
digital resources, they emphasised that accessible, valid content could help to address

accessibility issues such as cost and distance, making participation in MSE more feasible.



Table 3.5: Strategies to improve women’s participation in MSE.

Codes

Subcodes

Indicative quote(s)

What an
individual can

do

Simplicity

“Participating in muscle-strengthening, as I say, doesn t necessarily need to be in a gym. I think
that a lot of women have that as a massive stumbling block to approach, signing up for the gym,
being in a gym with the environment being male-dominated, and so many things. If they are not
confident yet in their knowledge or ability, it s a massive thing to ask them to do...so I think that
targeting what people can do at home is a very good point to start.” (P13, age 34)

“Have some gentle and we're starting off gentle anyway. Because a lot of it is very simple, isn't it?
1 think when you see these, when you go online, some of these exercises are really simple to do.
And people perhaps don't think that they, it's something they might think, "oh, well, I haven't done
any exercise for yours. I can't do it." But when you see how simple it's just a matter of, you know,
raising your heels and standing on your toes or something as a start. It's very, you know, it's very
simple. So, everyone can do it. But I think maybe a lot of people think that it's just not for them.”
(P05, age 62)

Using other
modalities

“You could do something. I mean, you could get some resistance bands and do things at home as
simple as that would benefit your health.” (P02, age 50)

“Yeah, depends on who you are. Start off slowly. Maybe do a bit of yoga, Pilates, but the things
that's really going to make a difference is using weights. And that takes less time. Quicker, more
effective. That would be my advice. But again, everybody is different. I know some people prefer
just the bodyweight only.” (P18, age 45)

What others
can do

Spreading awareness

“I guess if people were more educated on how important it is, throughout their life. I think one of
the reasons that women get intimidated about it is because of that kind of thing when people are
building muscle for the way they look and want to have big biceps, all that kind of stuff. Most
women don t want that. That’s not a priority for them. They don 't want to be big and muscular. 1
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think if there was more emphasis on muscle strength and how it helps your overall metabolism,
how you burn calories, how you are going to stay strong and not fall over and all that kind of
stuff. I think it would improve people’s perception of strength training.” (P19, age 60)

Women-only spaces
and kid-friendly
classes

“I think seeing people like yourself (women) in that space will make you feel welcome.” (P04, age
47)

“One of my old gyms had a female-only group. I think that was quite beneficial. I mean, because I
trained around guys in karate all the time, it doesn 't bother me going to the gym full of guys. But
veah, I certainly feel like a lot of people, well, I would still find it assuring when I see other girls
around the gym. It is sort of a peer influence.” (P06, age 24)

“When I first worked as PT, there was a rule that babies could not be on the gym floor. So, you’d
have a woman with a small baby, and she was told that she couldn t bring it with a carrycot into
the gym. Well, that child is safe in that. They re not gonna come into harm. So, from a safety point
of view, there’s not an issue, but because there was a rule that you couldnt have a crying baby in a
gvm or whatever. Equally with my studio here, when I have clients as I am pre and postnatal
trained, I've had clients that had children and I will say, well, bring your baby. Because I can
coach you and if the baby wakes up, I can hold your baby and I can still coach you. So, you

haven t got that added barrier of who am I going to take the baby to for childcare? What is the
cost of childcare and the added logistic burden of actually getting the babies somewhere else and
then going to pick them up afterwards? They can just go to the gym with the baby.” (P20, age 58)

Women’s fitness
specialist

“I can tell you from my perspective because I am in a team sport, like a league as well. There's a
big thing about being well-informed about perimenopause. We have quite a lot of female focus

(trainers) in our league. So, they have been working to raise awareness about perimenopause.’
(P08, age 44)

“I chose my personal trainer very carefully, who understood menopause as well. I think it’s the
same with new mums. You have to be careful, don't you? Because of your muscles and you are

1
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getting back to exercise as well. So, it’s finding the right group of experts. I think it s really
important.” (P22, age 54)

“I think looking for content, like YouTube content, for example, with women. That way, you can
see, because most people at the gym are fit and muscular, so it’s good to be able to see a woman. It
would help you realise that it s possible. It helps you realise what you can end up looking like.
Because obviously, you wouldn t look like a man.” (P10, age 26)

Reliable and
accessible resources

“I went on the internet to see how much information is out there for people. If you just googled
strengthening exercises, there’s tonnes of information, there’s tonnes of videos, there’s tonnes of
posters. So, one of the things I like to think of is whether it is validated. If the information has
come from some sort of NHS or academic, I think you can believe in it.”” (P05, age 62)

“There’s so much out there. And I don 't know if'it’s true. I can always go by myself (to exercise).
And it made me feel stronger, rather than those videos. But of course, I do get sucked into all these
videos that say, these five exercises to work on will change your life, and then I do fall for those
sometimes. I don't know which one is the best.” (P18, age 45)

“There’s lots of free stuff. People put things on YouTube, who knows what they talk about and are
good trainers. You don't have to pay for it. But I do think even if you are paying for it, it’s a good
thing. It’s better than doing nothing at all. And I think maybe if they pay for it, that might motivate
them to do it. I know that nobody knows that you pay for it. So, it’s not accountable to anyone but
yourself. I think maybe that’s true. I've never paid for YouTube trainers, but my husband has, and
it motivates him to do it.” (P19, age 60)
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3.4. DISCUSSION

Considering the importance of muscular strength for women, understanding the barriers and
facilitators they face is crucial. The study aimed to explore the barriers and facilitators to
participation in MSE among women aged 18 to 64 who are currently meeting the muscle-
strengthening guidelines, and to identify strategies to improve involvement in these activities.
Since many of the themes are interconnected, the discussion is organised according to
Sallis’s ecological model (Sallis et al., 2006), which frames behaviour across four interacting
levels: individual, social environment, physical environment and policy, highlighting the

multilevel determinants of women’s participation in MSE.

3.4.1. Individual Level Factors

Women'’s initiation and participation in MSE were shaped by both personal motivations and
barriers. Health concerns, particularly for injury prevention or management (e.g., sciatic pain,
plantar fasciitis), motivated some women to start MSE. This aligns with Staley et al. (2024),
who found that the multi-dimensional impact of injury includes increased awareness of
physical vulnerability, decline in strength and mobility, and age-related health concerns. This
served as motivation to women in our study to participate in MSE as they experience the
physical limitation from injury and realise the importance of maintaining strength as they
age. Other women in the current study were motivated by the prospect of improved physical
performance in sports. Jones et al. (2025) reported that younger women’s (18 to 34 years old)
MSE participation was linked to health, strength and endurance improvements. While these
women were younger than the current sample and did not yet face the additional age-related
health concerns, emphasising the benefits of MSE for health and fitness remains important
across the age span. It also suggests potentially different strategies and messaging for MSE
participation by age group, such as targeting women when they begin noticing health

changes or emphasising the benefits for sport and wider activity participation.

Low confidence in their ability to perform exercises or knowledge of using equipment was
a major barrier, consistent with previous literature highlighting the role of knowledge and
education as factors impacting women'’s participation in MSE (Luckin et al., 2021, Petrov
Fieril et al., 2014, Heiestad et al., 2016, Vasudevan and Ford, 2022). For example, Luckin et
al. (2021) found that of athletes who were asked for reasons why they didn’t take part in

strength training required for their sport, 58% reported uncertainty about what exercise to
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do, how to progress, or proper training and lifting techniques. Similarly, in a systematic

review and meta-synthesis of 20 studies (n =402) by Vasudevan and Ford (2022), knowledge
gaps were reported as a consistent barrier to participation in MSE for women across different
populations, activity status and age groups. To overcome this, participants in the present
study utilised resources such as personal trainers, online platforms, or exercise classes to
build confidence and knowledge of MSE. Such suggestions are supported by previous
research. Indeed, in a 2016 randomised controlled trial, Heiestad et al. (2016) reported
significantly higher adherence to MSE among previously inactive, overweight women (n =
143) who exercised with guidance from a professional, such as a personal trainer than those
who did not. Whilst there are fewer studies on the benefits of digital resources for MSE
adherence, especially targeting women’s habitual activity, a randomised controlled trial
comparing in-person supervision to app-guided support reported similar levels of adherence
between the two approaches (n = 79; 88.2% versus 81.2% respectively) (Gavanda et al.,
2025). Whilst ensuring the credibility of digital resources is an ongoing challenge, the use

of such cost-effective resources warrants further investigation.

3.4.2. Social Environment Level Factors

Social relationships were found to shape women’s participation in MSE. Witnessing the
decline in family members' health motivated some women in the current study to engage in
MSE as a preventive measure, consistent with Bandura’s (1977) concept of vicarious
learning, in which witnessing adverse health outcomes in loved ones motivates preventive
health behaviours. Social support also played a crucial role, with women describing that
having companionship during exercise and encouragement from family and friends as
important facilitators. Exercising with others fostered accountability and made MSE more
enjoyable and motivating (through friendly competition). This is consistent with the findings
by Vasudevan and Ford (2022), who identified that camaraderie and support from family and

friends promoted sustained participation in MSE across a large number of studies.

Cultural stigma and societal perceptions on women and MSE remained significant barriers
to women’s participation in MSE, as reflected in the current study and prior work (Vasudevan
and Ford, 2022, Peters et al., 2019, Burton et al., 2017, Cavill and Foster, 2018). In the
qualitative study by Coen et al. (2018) exploring women’s perceptions of gyms, it was

reported that women felt ‘uncomfortable and unwanted’ in the gym when the men were
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‘taking up the spaces, hogging equipment and being loud’. However, the women in the

current study utilised companionship during exercise (from peers or personal trainers) to
help empower themselves and to reduce self-consciousness, in these often intimidating,
male-oriented gym environments (Coen et al., 2018, Vasudevan and Ford, 2022).
Collectively, these findings illustrate that MSE participation is embedded within social
environment dynamics, where social support can facilitate participation and overcome

cultural stigma and societal perceptions.

3.4.3. Physical Environment Level Factors

Structural barriers related to time, cost, and accessibility significantly impacted MSE
participation. Although perceived time constraints reflect individual priorities, they are also
shaped by external demands, such as work schedules and caregiving responsibilities. Prior
studies consistently identify time as a universal barrier to exercise of any type, regardless of
gender (Ashton et al., 2015, Kulavic et al., 2013, Luckin et al., 2021, Hurley et al., 2018),
with women, particularly those balancing multiple roles, reporting greater challenges
(Ominyi et al., 2025). Vasudevan and Ford (2022) also noted that work and family
commitments limit women’s availability to engage in strength training. These structural
constraints represent a physical environment barrier rather than solely individual time
management issues, highlighting the multilevel nature of influences on participation. Despite
this, women in the current study described individual-level strategies that had a positive
impact on them and helped to navigate this structural barrier, such as creating a schedule and
blocking specific time for exercise. Consistent with the survey findings by Luckin et al.
(2021), aligning the training program with personal schedules and preferences can reduce
perceived time challenge. The findings highlight that personalised, individual-level

adaptations can mitigate potential physical environment barriers.

Accessibility issues related to cost, equipment and exercise space had a substantial impact
on participation. Gym memberships and personal trainers’ fees limited access to professional
guidance and appropriate facilities, while inadequate space or equipment at home posed
additional barriers. These findings align with Vasudevan and Ford (2022), who identified
financial barriers, lack of equipment and poor inclusivity of facilities as barriers to
participation. Women in the current study highlighted the value of having flexibility in

choosing exercise locations, with some preferring nearby gyms for convenience and others
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favouring home-based exercise and using freely available digital resources to reduce travel

time, cost and social discomfort.

Women in the current study also suggested changes to the physical gym environment,
specifically women-only spaces and kid-friendly areas, to overcome some of the individual
and social environmental barriers mentioned, such as cultural stigma and societal
perceptions. This aligns with Hurley et al. (2018), who found that for college students (n =
116), women-only classes or areas in fitness centres reduce feelings of discomfort and

support greater engagement in exercise sessions.

3.4.4. Integration Across Ecological Levels and Implications for Future Research

Women’s participation in MSE is influenced by interacting factors across multiple ecological
levels, with barriers at one level potentially overcome by facilitators in another. For example,
a woman motivated to begin participation in MSE due to an injury may be hindered by low
confidence in their ability to perform specific exercises (individual). This can be facilitated
by social support from a training partner or buddy (social environment), access to
professional guidance (social environment and physical environments), and exercising in
women-friendly spaces (social environment and physical environments). The multi-level
nature of the barriers suggests the need to consider both individual-level determinants, such
as confidence and knowledge, and system-level determinants, including social environment
and physical environment factors, including accessibility, affordability, and social norms.
Whilst the current study identified factors across three ecological levels (individual, social
environment, and physical environment), the policy level was not captured in the findings.
Future research should investigate how workplace, community, and governmental policies
influence women’s participation in MSE, aiming to provide a comprehensive understanding

across all ecological levels.

These findings also offer practical strategies for both women who are not yet engaging in
muscle-strengthening activities and for practitioners and policymakers seeking to increase
participation. While some of the barriers and facilitators identified are already well
recognised and relevant across genders (perceived lack of time), persistent low levels of

involvement among women indicate that current approaches to promote and maintain MSE
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activity in women remain insufficient. Future strategies need to encompass wider

determinants of behaviour in combination and a system level approach as opposed to
focusing on one level of influence. For example, a digital resource is more likely to be
successful if it is expert approved and evidence based, and there is also signposting to local,
affordable women-only exercise spaces. Viewing these recommendations through the
ecological model lens highlights that sustainable change requires multi-level approaches that

integrate the individual, social environments, and physical environments.

3.4.5. Strengths and Limitations

While previous research examined the barriers and facilitators to women’s participation in
strength training (Vasudevan and Ford, 2022), this current study offered a solution-oriented
strategies based on the challenges and facilitators faced of those who met the recommended
guidelines. By examining the barriers and actionable strategies through the social ecological
model, it offers practical insights into how individual, social environment and physical

environment factors work together to influence health behaviour.

Nonetheless, certain limitations exist within this present study. The relatively small sample
size limits the generalisability of the findings. Additionally, the lack of information about
the participants' cultural and ethnic diversity limits the applicability of the findings to women
from diverse cultural backgrounds, as their experiences may differ. Participants were
predominantly university-educated and resided in the most affluent areas, which may not
reflect barriers faced by women from lower socioeconomic backgrounds. In addition,
women at different life stages, such as during pregnancy or postpartum, or living with
disability, may encounter unique barriers and facilitators to participate in MSE, which is not
explored in this study. Future studies should explore the experiences of women across
diverse demographic, socioeconomic, and cultural backgrounds to better understand how
multiple-level factors shape engagement in MSE. These insights would be valuable in
informing more inclusive strategies or interventions to improve women’s participation in

MSE.
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3.5. CONCLUSION

This study provides new insights into the experiences of women who already meet the
muscle-strengthening guidelines. While many barriers remain consistent with earlier studies,
our findings reveal how women navigated and responded to them through lived experience
and solution-oriented strategies at multiple levels of influence, such as scheduling, social
support, and building confidence through digital resources and professional guidance.
Participants also suggested broader physical environment solutions, such as adapting gym
environments, creating women-only spaces, and improving the credibility of digital
resources. These findings enhance understanding of women’s engagement in MSE by
highlighting how individual, social, and physical environments interact to influence
participation. Findings suggest that strategies are needed that target all levels of influence to

help increase participation in MSE.
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CHAPTER 4 - WOMEN IN STRENGTH (WISH STUDY): THE CO-DESIGN

PROCESS OF AMULTICOMPONENT MUSCLE-STRENGTHENING
EXERCISE INTERVENTION FOR WOMEN

4.1. INTRODUCTION

In the UK, approximately less than 30% of women (compared to 32% to 36% in men)
participated in a minimum of two days a week of muscle-strengthening activity (Health
Survey for England, 2023, Deakin et al., 2024a, Department of Health and Social Care,
2019). MSE provide substantial benefits for women’s health, for example, in the prevention
of cancer (Strasser et al., 2013), cardiometabolic disease (EI-Kotob et al., 2020, Sundell,
2011), osteoporosis (Hong and Kim, 2018), and frailty (Sundell, 2011). The hormonal
changes that occur across different life stages, such as adolescence to puberty, pregnancy,
and menopause, emphasise the importance of maintaining muscle strength and mass (Kodete
et al.,, 2024). Given the persistently low participation in muscle-strengthening activities
among women despite the health benefits they offer, traditional exercise promotional
strategies may not effectively address the challenges to participation. Using a participatory
approach, such as co-design, helps gain a deeper understanding of the challenges and

facilitators and to develop an intervention aligned with people's real-life experiences.

Over the years, the use of co-design methodology in promoting public health and physical
activity participation has gained increasing attention. Co-design is a participatory approach
that involves incorporating the insights of the targeted population when creating new plans
or strategies for improvement (Vargas et al., 2022). Unlike the traditional top-down strategy
often used in public health intervention (Leask et al., 2019), previous literature has shown
that incorporating participants in the intervention design enhances the relevance,
acceptability and sustainability of the intervention created (Frank et al., 2014). These
interventions provide better service quality (Crawford et al., 2002), higher participant

satisfaction (Martin et al., 2005) and are ultimately are more effective (Durand et al., 2014).

For example, in Families Moving Together, a community-based physical activity
intervention co-designed with low-income mothers of preschool-aged children, community

leaders, and physical activity experts explored the problem, potential solutions, and designed
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an intervention aimed at increasing school readiness and health (Dlugonski et al., 2024). This

program emphasised the importance of overcoming physical inactivity for female caregivers
and children, which is crucial to breaking the generational cycle of physical inactivity that
can impact the health of children (Dlugonski et al., 2024, Hesketh et al., 2019). In 2017,
Verloigne et al. reported the use of a co-design approach to promote physical activity in
adolescent girls in vocational schools (Verloigne et al., 2017). The rationale of involving the
girls themselves in the creation of the intervention was that it was more likely to increase
engagement in physical activity (Verloigne et al., 2017, Greenhalgh et al., 2016). The co-
designed intervention was then tested with 229 adolescent girls. (Verloigne et al., 2017) with
the co-design approach leading to significant improvements in self-efficacy (+0.34 for
intervention school; -0.57 for control school on a 5-point scale) and minutes spent in
extracurricular sports participation (+0.36 min/day for intervention school; -0.11 min/day
for control school) (Verloigne et al., 2017). The use of the co-design approach was positively
accepted by the target group and was feasible to promote physical activity among adolescent
girls (Verloigne et al., 2017). These principles of including the target group and their lived
experience underpin the current study’s usage of the co-design methodology to develop a

MSE intervention grounded in women lived experiences.

The development of health behaviour interventions should be informed by both evidence
and stakeholder perspectives to enhance their relevance, acceptability and implementation
potential. The Medical Research Council (MRC) framework for developing and evaluating
complex interventions highlights the importance of systematically identifying the problem
context, drawing on existing evidence, and involving relevant stakeholders during
intervention development (Skivington et al., 2021). As several interventions have sought to
increase participation in MSE more broadly (Ashmead and Bocksnick, 2002, Arikawa et al.,
2011, Seguin et al., 2012, Heiestad et al., 2016, Prieto-Prieto et al., 2022), this approach is
particularly relevant to promoting MSE in women, given the limited interventions

specifically co-designed with women to improve MSE participation.

The current chapter builds on the work presented in Chapters 2 and 3. In Chapter 2, a survey
was conducted among UK adults aged 18 to 64 to explore participation in different types of
muscle-strengthening activities and to examine differences between the sexes in the types of

muscle-strengthening activities they participated in. Given the gap in participation between
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men and women (women are less likely to participate) in MSE, follow-up interviews

(Chapter 3) were conducted and described in Chapter 3 and involved discussions with
women who engaged in MSE at least twice a week. These women shared that health concerns
and sports performance as key reasons for initial participation in MSE. Barriers to
participation included perceived time constraints, low motivation, cultural stigma and
societal perception, limited confidence in ability and accessibility. Facilitators that supported
participation included access to resources or information, accountability, social support, the
ability to choose exercises and seeing positive changes. These findings highlight that gaining
insight into women lived experiences through co-design would lay the groundwork for a
practical, relevant, and sustainable MSE intervention. Therefore, the aims of the current
chapter are (1) to explore the challenges and potential facilitators to participation in muscle-
strengthening exercises among women who did not meet the muscle-strengthening activities

guidelines and (2) to co-design a MSE intervention to assist women’s participation.

4.2. METHODS
4.2.1. Study Design

This qualitative study employs a descriptive, non-experimental design, utilising the
Participatory Appreciative Action and Reflection (PAAR) approach to the co-design process
(Ghaye et al., 2008). The study follows the Leask et al. (2019) framework for utilising
participatory methodologies in the co-creation and evaluation of public health interventions
and reports where possible on these principles and recommendations. This study was
approved by the College of Medical, Veterinary and Life Sciences Ethics Committee at the
University of Glasgow (Reference Number: 200230238) (Appendix 3-A) and adhered to the
Declaration of Helsinki. Prior to participating, all participants provided written informed
consent for participation and publication by signing a consent form. This study benefited
from an interdisciplinary team. The principal researcher, NR (female, BSc, PhD student),
has a background in Sports Science and specialises in women’s fitness. GR (female, PhD,
senior lecturer) specialises in women’s personal training and holds a qualification in group
exercise delivery, with over 25 years of experience in physical activity research. SG (male,
PhD, professor) specialised in muscle and metabolic health, with over 20 years of experience

in exercise physiology research.
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4.2.2. Participants Recruitment

Using a purposive sampling method, participants who had completed the previous Muscle-
Strengthening Participation Survey (Chapter 2) and expressed interest in participating in
follow-up research (n = 34) were contacted by email to participate in the workshop.
Additional participant recruitment was carried out through promotional posters on
neighbourhood applications (Nextdoor), and Microsoft Viva Engage at the University of
Glasgow. To be included, women had to be aged between 18 and 64 years old, living in
Glasgow, Scotland, and self-report not participating in MSE for two or more days a week
(i.e. not meeting the current guidelines). No sample size calculation was employed in this
study, but the aim was to include at least 6 to 12 participants in each session as suggested by
Onwuegbuzie and Collins (2007). While there are no exact guidelines for qualitative
research sample size, Sandelowski (1995) suggested that the sample size should be
sufficiently small to yield in-depth analysis while remaining large enough to generate rich
and meaningful data. Participants were compensated with a £20 Amazon voucher for their
time after completion of the workshop. Participant information sheets, consent forms, and

recruitment poster are provided in Appendix 4-A to 4-C.

4.2.3. Co-Design Workshop

Two separate co-design workshops were held with a choice of morning or evening sessions.
The principal researcher (NR) was responsible for the planning and organisation of the
workshops, preparation of the workshop materials, delivery of the workshop presentations,
facilitation of discussion, coordination of activities with support from the research team and
student volunteers from the University of Glasgow and oversight of the data collection
procedures throughout the sessions. The content of the workshop was guided by the findings
from Chapter 3 on the barriers, facilitators and suggestions for MSE participation by women
who meet the muscle-strengthening activity guidelines and was further discussed and refined
by the research team (NR, GR and SG). Each workshop session was two hours long and took
place in the BHF Glasgow Cardiovascular Research Centre, University of Glasgow, in June

2024.

Participants were considered stakeholders in the co-design process because they represented
the target group for the proposed MSE intervention. Their lived experiences and perceptions
regarding MSE were considered essential for informing the development of an acceptable

and relevant intervention. Before the workshop began, participants were introduced as
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stakeholders in the co-design process, alongside the researcher, and the aim and expectations

for the participants during the workshop were explained. The consent form and demographic
data, including age, postcode (for deprivation categories as explained in Chapter 3), working
status, academic level, and marital status, were collected via a paper form to characterise the
workshop sample and to explore the diversity of perspectives represented within the

discussions.

The full content of the co-design workshop is detailed in Table 4.1. The workshop consisted
of three topics, each with six group activities (two in each topic), to promote participation
by participants and researchers, and was guided by a PowerPoint presentation. Participants
engaged in activities within small breakout groups (2-5 participants), during which
researchers facilitated and supported discussion as required. Small-group discussions
encouraged active participation, facilitated interactions, and allowed all participants to
contribute their views (Benz et al., 2024). The research team facilitated and supported
discussions as needed, while also allowing participants to lead conversations and generate
ideas together. The co-design approach allows for the participants and research team to learn
from one another. For example, the research team gained deeper insights into participants’
experiences with MSE, and participants expanded their knowledge of MSE. This was
followed by a whole-group discussion reflecting on the key messages emerging from each

breakout group.

The workshop focused on three main topics: participants’ experiences with MSE (Topic 1);
exploring challenges, facilitators, and motivations for improving participation in MSE
(Topic 2); and designing and developing an MSE intervention (Topic 3). Participants were
provided with an individual worksheet for each activity, along with sticky notes and markers,
to record their answers and participate in discussions. The workshop content was
intentionally structured to progress from exploring participants’ experiences with MSE, to
identifying the barriers, facilitators and motivations for participation before collaboratively
generating ideas for the intervention design. This sequence was designed to ensure that the

intervention suggestions were informed by participants’ experiences and perceived needs.

A post-workshop survey, via Qualtrics Ltd., was sent out one week after the workshop to

gather feedback on participants’ experience with the workshop. Participants were asked a



83
series of questions which includes the rating of their overall experience with the workshop,

what they liked the most and what they liked the least from their experience, do they find
the workshop useful, rating of their understanding of muscle-strengthening exercises before
and after the workshop, if they tried to do MSE in the past 7 days (frequency and types) and

suggestion for workshop improvement. The post-workshop survey question is attached in
Appendix 4-D.



Table 4.1: Overview of the co-design workshop content.
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Topic Objective Tasks

- Introduction Introduce the stakeholders, explain the aim, outline what is
expected from the participants and researchers, and establish
ownership by branding the co-creators as the Women in
Strength (WISH) Team.

Participants’ Topic 1: Getting to know MSE Group activities:

experiences e To understand how the participants conceptualised | Activity 1. Draw what MSE look like to you.

related to MSE MSE Activity 2: How do you think MSE benefit women?

e To explore if the participants are aware of the
benefits of MSE.

e To educate on how muscular strength evolved
throughout the lifespan.

Researcher’s tasks:

Demonstrate examples of MSE, upskill participants on the
benefits of muscle-strengthening activities, and explain how
muscular strength evolves throughout the lifespan.

Exploration of
challenges,
facilitators, and
motivators to
improve
participation in
MSE

Topic 2: Challenges, facilitators and motivators to

MSE participation

e To understand the challenges of participation in
MSE.

¢ To identify methods to overcome those challenges.

e To introduce behaviour change techniques
(scheduling) to participants to incorporate MSE into
their routine.

Group activities:

Activity 3: Discuss the challenges that you faced in
participation in MSE and list possible ways you think would
help you overcome these challenges.

Activity 4: Create an alternative schedule and identify where
you can possibly fit MSE in your day.

Researcher’s tasks:

Ask the participants to list the challenges and facilitators and
then showed them the challenges and facilitators from the
follow-up interviews (Chapter 3). Share the online tools for
participation (paid and free options) that were previously
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suggested (Chapter 3). Introduce to the participants to methods
to help fit exercises into their daily routine.

Design and
Development of a
MSE Plan

Topic 3: Build your MSE plan

e To introduce MSE variations to the participants,
including ways to modify, begin and progress
(progressive overload).

e To teach participants how to incorporate these
exercises into their daily routine.

e To design an exercise plan with the participants.

Group activity:

Activity 5: Demonstration of upper and lower body MSE using
different methods (bodyweight, resistance bands, household
items).

Activity 6: Create a MSE plan that you think you would
like/prefer to do.

Vote your preferences

Researcher’s tasks:

Demonstrate several exercise examples while encouraging
participants to try, provide feedback on how they feel, and
share their preferences. Encourage questions and answers
during the discussion. Provide several pictures of different
types of MSE and ask them to create an exercise plan that they
think is doable (consider the frequency, methods of exercise,
logistics)

Explore the logistics of MSE that they prefer (i.e. exercising in
a group or alone, at home or outdoor, etc.).
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4.2.4. Data Collection

Data were collected using individual worksheets, comments and images written or drawn on
sticky notes, written notes from the research team during whole group discussions and
reflective notes kept by the research team throughout the workshops. Immediately after each
workshop, a researcher debrief was held (1hr) to discuss the data collected during the
workshop, adding in additional comments and thoughts to the reflective notes, with a

consensus summary of the key points created.

4.2.5. Data Analysis

The qualitative data are reported following the PRODUCES reporting guidelines (Leask et
al., 2019) (Appendix 4-E). The descriptive statistics of the participants’ demographics were
generated using Microsoft® Excel V.16.98 (Microsoft Corporation, Redmond, WA, USA).
Results are presented as n (%). The data from the worksheets and sticky notes were entered
into Microsoft® Excel V.16.98 (Microsoft Corporation, Redmond, WA, USA) and cross-
tabulated with the predefined topic of the workshop activity by NR. NR and GR then met in
several iterative sessions (5 hours in total) to compare these with the summaries of the
reflective notes and to create an initial list of potential intervention elements. The initial list
of intervention elements was created by examining convergence across data sources
(workshop input and reflective notes), participant emphasis, and their relevance to the
research aim. During this stage, preliminary feasibility was also assessed to determine
whether the emerging components were practical to implement and accessible. NR and GR
then met with SG, who was presented with these initial findings, and discussions (2 hrs)
ensued until full agreement was reached and the final key elements of the co-designed
intervention were confirmed. The decision-making process involved evaluating the
relevance of each proposed intervention component against participant input and resource
requirements. The post-workshop survey results were entered into Microsoft® Excel V.16.98

(Microsoft Corporation, Redmond, WA, USA) and are presented descriptively as 7.
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4.3. RESULTS

4.3.1. Participant Characteristics

The demographic data of the participants are displayed in Table 4.2. Thirty-five participants
signed up for the workshop sessions, where n = 4 were recruited from the previous survey
(Chapter 2), and n = 31 were newly recruited (rn = 15 for the morning session and n = 20 for
the evening session). Twenty-one participants (n = 7 for the morning session and n = 14 for
the evening session) were included in the analysis, with the main reason for dropout being
unable to attend the session (Figure 4.1). Most of the participants were aged between 18 and
30 years (48%), lived in the least deprived area (33%), were full-time students (62%), held
a university degree (86%), and were single (57%).

Enrolment

l *  Registration of interest (# = 35) ]

! !

Morning session Evening session
(n=15) — Workshop (= 20)
l N -, l
Drop-out (7 = 8) Drop-out (n = 6)
» Unable to attend the Drop-Out ¢ Unable to attend the
session session
J \.

,, l

Included in analysis
(n="7)

Included in analysis
(n=14)

Analysis

Figure 4.1: Participant flow chart.



Table 4.2: Demographic characteristics of participants.
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Participants
n =21 (%)
Age Group
18 to 30 years old 10 (47.6)
31 to 47 years old 8 (38.1)
48 to 64 years old 3(14.3)
Deprivation Category
Most deprived 4 (19.0)
2" most deprived 5(23.8)
Median quantile 3(14.3)
2" Jeast deprived 2(9.5)
Least deprived 7 (33.3)
Working Status
Full time student 13 (61.9)
Employed or self employed 6 (28.6)
Doing unpaid work 1 (4.8)
Unemployed 0(0)
Retired 1(4.8)
Academic Level
No formal qualification after school 1(4.8)
Trade, technical certificate, apprenticeship or diploma 2(9.5)
University degree or higher 18 (85.7)
Marital Status
Single 12 (57.1)
Married (without children) 4 (19.0)
Married (with children) 4 (19.0)
Divorced/Separated (with children) 1 (4.8)

The deprivation category is based on the quintile of the index of multiple deprivation (IMD). The full category
of working status is as follows: 1) Full-time student, 2) Employed or self-employed, 3) Doing unpaid work (for
own or family business/volunteering/looking after family or home), 4) Unemployed (looking for a job/unable
to work due to illness or disability), 5) Retired, 6) Not specified.

4.3.2. Co-Design Workshop Outcomes

Workshops revealed that participants were aware of what MSEs are and their benefits and
were able to list several challenges and potential facilitators they identified that could help
them to participate in MSE. The completed worksheets from the workshops are included in
Appendix 4-F. The participants’ challenges and potential facilitators to assist participation in
MSE were classified into five categories, which were (1) routine and prioritisation, (2)
knowledge and self-efficacy, (3) physical and psychosocial, (4) cultural stigma and societal

perception, and (5) accessibility and environment (Table 4.3).
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Table 4.3: Summary of the challenges and potential facilitators that can assist in participation in MSE, directly extracted from
participants' worksheet outputs.

Categories

Challenges

Potential Facilitators

Routine and Prioritisation

Lack of time

Other priorities (study, work, childcare)

Being consistent

Life gets in the way

Weather

Lack of structure

Increase friction (having to change clothes, pack
a bag, shower)

Better time management

Creating a routine or schedule and intentionally
blocking the time

Breaking the exercises into smaller chunks
throughout the day

Making muscle-strengthening a non-negotiable
habit by calling it a self-help session

Having a tracker

Joining exercise classes

Removing friction (pre- and post-preparation)

Knowledge and Self-
Efficacy

Lack of knowledge

Not knowing where to start and what the right
exercises are

Not knowing how to use the equipment, correct
posture and what weight to start with

Fear of doing it wrong and fear of injury

Fear of making a huge error or making things
worse

Getting instructor help

Female-focused resources based on level (beginner,
intermediate and advanced) and stage of life
(example: menopause)

Knowing the benefits of muscle-strengthening
exercises

A non-competitive class

Physical and Psychosocial

Pain and discomfort from exercises
Having an injury or illness
Depression

Lack of motivation, boring

Choosing the exercise that you enjoy

Having an accountability buddy or coach
Being able to see visible or measurable results
Getting encouragement or support
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Laziness and phone distractions
Lack of visible results
Smell and sweat aversion

Having fun group exercise classes

Cultural stigma and societal
perception

Stigma for women exercising (example: MSE
are not important for women), male bias or
stereotypes.

Feeling embarrassed and being judged

Fear of being watched and stared at

Cultural differences (example: male and female
participation, clothes)

Having a safe and supportive environment
Women-only gym or club

Peer support

More female coaches

Having an exercise partner or going to the gym
with friends

Accessibility and
environment

Limited finance and affordability (example: cost
of gym membership and at-home equipment)
Lack of space at home

Having more affordable options (using cheaper
modalities such as resistance bands and reduced
gym membership)

More community spaces

Paid or free classes or sessions
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4.3.3. Co-Design Intervention

A programme theory was developed, guided by the previous interview with women who do
MSE (Chapter 3) and the outcomes of the co-design workshops. Figure 4.2 illustrates the

relationship among the problem, potential intervention components, and outcomes.

The participants agreed that flexibility and autonomy surrounding the MSE delivery should
be provided to women to support their engagement in MSE. In this context, flexibility refers
to the ability to perform MSE according to participants’ schedules and circumstances, while
autonomy refers to having personal choice and control over which type of MSE is performed,
and how, when, and where. Given the diverse priorities that women face, such as studying
or working full-time and caring responsibilities, having the ability and flexibility to choose
both the type and location of exercise was considered essential. The participants agreed that
the intervention should not be restricted to specific exercise types, such as traditional
resistance training with barbells and dumbbells, but that women should be able to select from
a broader range of MSE, including bodyweight exercises, resistance bands, and holistic
exercises such as Pilates or yoga. Offering flexibility to choose the exercise location, whether
at home, a gym, or exercise classes, was also reported as essential to accommodate different
lifestyles (i.e., work, study or family commitment) and preferences (i.e., exercising in a
group setting, with a personal trainer or alone). This flexibility in scheduling and planning
was also considered important for supporting the development of routine. In this context,
routine refers to a personally structured and repeatable pattern of MSE participation, where
the participants plan specific days and/or time for exercise in a way that is consistent enough

to support habit formation but flexible enough to accommodate changing weekly demands.

Three key elements were identified as necessary components of interventions to improve
women’s participation in MSE. These elements were prioritised based on their recurrence
across the data sources, perceived importance to participants, and feasibility for
implementation in a real-world setting. These elements were (1) education (strength
education session), (2) flexibility and social (online support group and optional group

exercise session) and (3) modalities (access to various modalities and logging the training).
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Figure 4.2: Programme theory of the co-designed intervention. MSE: muscle-strengthening exercises.
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Key Element 1: Education

Potential intervention component: Strength Education Sessions.

The participants emphasised the need for an education session at the beginning of the
intervention to improve knowledge and self-efficacy in performing MSE. This would
provide an opportunity to establish an evidence-based foundation for communicating the
benefits of muscle strength across the lifespan, correct misconceptions about MSE among
women, and increase understanding of what constitutes an MSE. Providing a variety of
achievable options for MSE beyond traditional heavy lifting may also help women feel more
capable and confident about getting started. The participants believed that many women may
not feel motivated or equipped to engage in MSE if they lack this foundational knowledge.
The participants also agreed that introducing and implementing behaviour change techniques
(BCTs) that address both motivation and challenges were crucial to getting women started
and encouraging continued participation in MSE. The BCTs discussed included scheduling,
action planning and goal setting. These techniques were viewed as supporting the
establishment of a regular, structured pattern of MSE participation, in which exercise is
integrated into a predictable daily routine that fits their lifestyle. Creating a schedule and
action plan for specific days and times to do the exercises was considered an important
facilitator. This is linked to the earlier emphasis on having the choice to do the exercises that

fit their lifestyle.

Key Element 2: Social
Potential intervention component: Online Support Group

The participants emphasise that social support is necessary to support motivation and
accountability for participating in MSE. Many described that having an accountability buddy
or group would help them to follow through, particularly during periods of low motivation
or a busy schedule. An online messaging platform (i.e., WhatsApp) is practical and
accessible, enabling participants to communicate with one another and with the researcher.
It is also intended to create a sense of community and a place to share information and

opinions about the exercises, without imposing additional time or travel demands.
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Potential intervention component: Optional Group Exercise Session

Although preferences for exercise may differ (e.g., some participants prefer to exercise alone,
whereas others prefer to exercise in a group), participants indicated that a group exercise
session could complement the educational sessions. While flexibility in when, where, and
how MSE is performed was considered essential, a structured group could enhance exercise
motivation, provide structure for incorporating MSE into their routine, and support
continuous learning (e.g., exercise techniques). These sessions were considered beneficial,
particularly in the early stages of the intervention, when confidence and skill acquisition
remain low. Having a guided exercise session tailored to skill levels can reduce anxiety and
fear of performing the exercise and increase confidence and enjoyment. Furthermore,

participants could ask questions and get direct feedback on their performance.

Key Element 3: Modalities
Potential intervention component: Access to Various Modalities

The participants highlighted that having an inclusive environment and affordable resources
is essential to assist women’s participation in MSE. Many women found that the gym
environment often felt intimidating, especially for beginners. One common deterrent cited
was that the gym felt like a male-dominated space. To address this, participants suggested
that having a peer support or exercise partner, as well as a women-only gym or sessions,
would help women try out MSE. For affordable resources, participants noted expensive
membership costs and the need to buy equipment for home use. The participants suggested
offering more affordable membership or a free trial membership, such as a 12-weeks gym
membership, to encourage women to visit the gym. The participants agree that, even with
these things accounted for, not all women may like the gym and that introducing resources
and alternatives to gym-based exercises, such as using resistance bands and performing
exercises at home, would be beneficial. These resources are particularly important for

women who prefer to exercise privately at home and for those with busy schedules.

Potential intervention component: Logging the Training

To further support exercise motivation, participants also suggested that tracking or logging
training sessions could reinforce consistency. Logging completed training may serve as a

reminder to perform the exercise and provide a visual record of progress throughout MSE.
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4.3.4. Experiences with the Co-Design Process

Of 21 participants 10 participants completed the post-workshop survey. Overall, participants
responded positively to the workshop (7 = 8 extremely satisfied; n» = 2 somewhat satisfied).
As aresult of participating in the workshop, eight participants began incorporating MSE into
their routine. Participants shared that the co-design workshop allowed them to feel heard and
meet women with similar experiences. This helped them to identify ways to overcome the

challenges they faced. Further information is available in Appendix 4-G.

4.4. DISCUSSION

This chapter presents the results of a co-design process to inform interventions to promote
MSE among women who do not meet the muscle-strengthening guidelines. Through co-
design workshops, participants informed the modifiable factors (challenges and potential
facilitators), and suggested intervention components and how it should be delivered. Overall,
participants in the co-designed workshop were aware of what MSEs are and their benefits.
The challenges and potential facilitators discovered were classified into five categories,
which were (1) routine and prioritisation, (2) knowledge and self-efficacy, (3) physical and
psychological, (4) cultural stigma and societal perception and (5) accessibility and
environment. The challenges and potential facilitators that emerged were similar to those of
women who meet the MSE guidelines, as explained in Chapter 3. Based on the challenges
and potential facilitators, three key elements were identified: (1) education (strength
education session), (2) social support (online support group and optional group exercise
session) and (3) modalities (access to various modalities and logging the training). Combined,
these have led to the creation of a programme theory that can be used for the development

of MSE interventions moving forward.

Having choices in exercise type or location also emerged as an essential factor in helping
women participate in MSE. Having the flexibility to choose and change a preferred MSE
means women can choose something they are more likely to enjoy which may lead to
increased and sustained participation. Hagberg et al. (2009) explored the importance of
exercise enjoyment in health-care-based interventions to promote physical exercise among
102 patients and found that enjoyment of the exercise can facilitate increased exercise
adherence. Lakicevic et al. (2020) explored novelty as a key factor for maintaining physical

activity and agreed that introducing new exercises or varying familiar routines can boost
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participants’ interest and enjoyment. This, in turn, can lead to greater adherence and

improved health (Lakicevic et al., 2020). As this present study and Chapter 3 of the current
thesis have explored the challenges and facilitators among women who did and did not
engage in MSE, participants agreed that an intervention to improve women’s participation

in MSE should include flexibility in choice and timing to accommodate varying schedules.

The identified key elements offer valuable insights into understanding what women need to
participate in MSE. Comparing with the findings from Chapter 3, the facilitators and
suggestions to improve women’s participation in MSE offered by women who did MSE
were similar to those suggested by the participants in this current study. Knowledge, or the
lack of it, often emerged as the main challenge and a facilitator of exercise participation
(Luckin et al., 2021, Petrov Fieril et al., 2014, Heiestad et al., 2016). To overcome this, an
education session on the benefits of the exercise, how to perform it, and how to plan it would
encourage women to engage in MSE. As previously discussed in Chapter 3 and in prior
research, an education session would allow participants to increase their knowledge, thereby
boosting their confidence and self-efficacy (Luckin et al., 2021, Petrov Fieril et al., 2014).
Both groups of women (those who engaged in MSE and those who did not) emphasised the
importance of education. To encourage participation in MSE, interventions should
incorporate educational sessions that introduce these exercises and equip women with

strategies to increase their involvement using different BCTs.

In line with the flexibility in the choice of exercise and location, the following key elements
that were agreed upon were social and modalities. Previous findings from Chapter 3 also
noted that these factors facilitate participation in MSE. In previous study by Coen et al.
(2018), it was reported that women often felt uncomfortable and unwanted in the weight area
of the gym. Hurley et al. (2018) reported that creating a women-only space or session would
help to mitigate this challenge. Participants in the current study agreed that having a women-
only space or session would help them try MSE. Still, it is essential to remember that
preferences may differ, and some women may not like exercising in a group setting or at the
gym. In regard to modalities, providing a variety of resources, such as resistance bands,
would help them participate in MSE outside of the gym setting. In a systematic review and
meta-analysis of 8 studies by Lopes et al. (2019) on the effects of resistance bands and

conventional resistance exercises (i.e., machine-based and free weights), the authors
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concluded that resistance bands can also promote similar strength gains. Interventions to

improve women’s participation in MSE should consider the inclusion of resistance bands
and other equipment that can be used at home or in non-gym settings to offer flexibility in
terms of exercise choice and timing to do the exercise, due to their practicality and as a cost-

effective choice (Lopes et al., 2019, Lopes et al., 2018).

Several strengths and limitations emerged from the current study. The key strength of this
study is the use of the co-design methodology, which allows women to actively contribute
to identifying challenges and to create an intervention based on their experiences. To our
knowledge, this is the first study to apply the co-design approach specifically to women who
do not engage in MSE, thereby addressing a key intervention group. The workshops
encouraged discussion among participants and the researchers, ensuring that the intervention
aligns with participants’ real-life experiences and reflects the researcher’s expertise in MSE.
With the participants’ age group ranging from 18 to 64, this allowed for a better
understanding of the different life stages these women faced and how these may influence
their participation in MSE. However, this current study is not without limitations. Only two
workshop sessions were delivered with similar activities in both. Leask et al. (2019)
suggested multiple meetings to allow for refinement and enhancement of the intervention
component. Whilst the findings from this study and the programme theory can provide a
starting point for other studies and interventions exploring MSE in women who do not meet
the guidelines, there is a need to confirm these findings in different populations and contexts.
The co-design was conducted in the United Kingdom, with demographic data showing
higher participation among those aged 18 to 30, living in the least deprived areas, and
holding a university degree, and with no ethnicity data, further research is necessary to
evaluate these findings in other populations. Another limitation is that the final intervention
components were not sense-checked with participants, which is a key stage in intervention

development (Skivington et al., 2021), although this is explored further in Chapter 5.

4.5. CONCLUSION

In conclusion, the present study employed a co-design approach to develop a muscle-
strengthening intervention that reflects women lived experiences, accounting for their
challenges and potential facilitators. The key components of future interventions in women

who do not currently meet the MSE guidelines should include education sessions to improve
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participants’ knowledge, confidence and self-efficacy in performing MSE, social support

through an online support group and optional group exercise sessions to foster a sense of
community and accountability while providing continuous learning and modalities such as
access to various modalities such as offering gym membership and resistance bands as
enablement to exercise and logging the training to monitor progress and support exercise
motivation. By including the target group in the intervention design, this study contributes
to the development of MSE interventions that are both behaviourally informed and

contextually meaningful.
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CHAPTER 5 - WOMEN IN STRENGTH: FEASIBILITY, ACCEPTABILITY

AND EFFECTIVENESS OF A PILOT RANDOMISED CONTROLLED TRIAL
OF A CO-DESIGNED MUSCLE-STRENGTHENING EXERCISE
INTERVENTION FOR WOMEN

5.1 INTRODUCTION

There are numerous well-established benefits to participating in MSE specifically for
women. Research has shown that these activities can improve women’s reproductive health
outcomes (Sabag et al., 2024), reduce the risk of osteoporosis, sarcopenia and frailty
(Sundell, 2011, Hong and Kim, 2018), and alleviate postpartum depression and anxiety
(Deprato et al., 2025). Women experience earlier bone and muscle mass decline than men
due to the hormonal changes associated with menopause (Kohrt et al., 2004, Montero-
Fernandez and Serra-Rexach, 2013), making them at higher risk of functional decline as they
age. Yet, recent data from the 2021 Health Survey for England and the 2023 Scottish Health
Survey reported that less than 30% of women (compared to 32% to 36% in men) meet the
recommendations for participation in muscle-strengthening activities from the UK Physical
Activity Guideline (Health Survey for England, 2023, Deakin et al., 2024a, Department of
Health and Social Care, 2019). Taken together, these findings highlight the urgent need for

strategies to help women begin and maintain their participation in MSE.

Numerous studies have explored challenges and facilitators to participation in MSE. Over
the years, time constraints have often been cited as a challenge to participation (Ashton et
al., 2015, Kulavic et al., 2013, Luckin et al., 2021, Hurley et al., 2018). However, evidence
suggests that this barrier can be mitigated when MSE programs are designed to align with
women’s schedules and personal exercise preferences, thereby increasing feasibility and
adherence (Luckin et al., 2021). In addition to time-related barriers, low confidence or
knowledge in performing MSE exercises are also cited as factors that negatively influence
participation (Luckin et al., 2021, Petrov Fieril et al., 2014, Heiestad et al., 2016).
Educational support and clear instruction have been proposed as practical solutions to this
challenge, as improving knowledge can enhance confidence and self-efficacy, which in turn
supports sustained engagement (Petrov Fieril et al., 2014, Luckin et al., 2021, Hurley et al.,
2018).
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Sociocultural barriers further compound these practical challenges. For example, Velija and

Kumar (2009) found that adolescent girls often perceive weightlifting as a ‘masculine’
activity. Similarly, Vasudevan and Ford (2022) systematic review and meta-synthesis of 20
studies reported that gender-based stereotypes and social stigma continue to deter women of
all ages from participating in resistance training (Peters et al., 2019, Burton et al., 2017,
Cavill and Foster, 2018). These perceptions are reinforced by gym environments that are
frequently described as male-dominated, leading many women to feel uncomfortable,
unwelcome, or self-conscious in weight-training areas (Vasudevan and Ford, 2022, Coen et
al., 2018). To address this barrier, the provision of women-only classes or designated spaces
within fitness centres has been suggested as a strategy to create more supportive and
inclusive environments, thereby reducing discomfort and promoting participation (Hurley et

al., 2018).

Building on these insights from previous literature, Chapter 3 of the current thesis explored
the challenges and facilitators faced by women who engage in MSE for two or more days a
week. They shared many of the main challenges identified in the previous literature,
including perceived time constraints, low confidence, and discomfort in the gym during
exercise, as well as facilitators such as being accountable, having the ability to make choices,
and utilising available resources. The suggestions for improvement, such as adapting gym
environments, creating women-only spaces and validating online resources, were also in
agreement with previously proposed solutions. This was then harnessed in Chapter 4 to co-
design an intervention to help women participate in MSE. This co-designed workshop with
women who did not do MSE revealed similar challenges and potential facilitators suggested
by participants in Chapter 3. These insights, from both women who met and did not meet
the recommended guidelines, informed the co-design of a tailored intervention based on their
lived experiences. The current chapter builds directly on this work by piloting the co-

designed intervention.

When aiming to improve participation in physical activity, complex interventions are often
required, which involve multiple interacting intervention components. A complex
intervention explores how it works toward its intended outcome but also identifies its impact,
assesses the process and resources needed, and how it can be translated to real-world practice

(Skivington et al., 2021). In the 2021 Framework for Developing and Evaluating Complex
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Intervention by the Medical Research Council (MRC) and National Institute of Health

Research (NIHR), the second phase following the intervention development is the feasibility
phase, where the feasibility and acceptability of the intervention created is tested, as these
would provide information about the population targeted, recruitment, adherence and fidelity
of the intervention, which will then inform intervention refinement (Skivington et al., 2021).
Therefore, the aims of the current chapter were (1) to assess the feasibility and acceptability
of a co-designed MSE intervention for women and (2) to investigate the potential
effectiveness of the co-designed intervention on body composition and muscular strength

among women.

5.2 METHODS
5.2.1 Participant Recruitment

Recruitment was conducted in December 2024 through posters, paid advertising on Meta
Ads, workplace communication channels at the University of Glasgow (Microsoft Viva
Engage), and by contacting participants from the previous co-design workshop (Chapter 4).
All participants were women, aged between 18 and 45 years, living in the Glasgow area, and
who self-reported not currently meeting the current government muscle-strengthening
activity guidelines. While the overall thesis focused on adults aged 18 to 64 years, consistent
with the UK Physical Activity Guidelines (Department of Health and Social Care, 2019), the
age range of the current study was restricted to 18 to 45 years to align with the demographic
profile of participants in the co-design workshop (Chapter 4). The narrower range was
selected to reflect the population most represented in the intervention development phase
and to enhance homogeneity in life-stage characteristics relevant to MSE behaviour.
Exclusion criteria included unable to exercise, not passing the Physical Activity Readiness
Questionnaire (PAR-Q+), blood pressure >150/90mmHg, currently pregnant, or having
intellectual disabilities. The study was approved by the College of Medical, Veterinary and
Life Sciences Ethics Committee at the University of Glasgow (Reference Number:
200240060) (Appendix 5-A) and adhered to the Declaration of Helsinki. Written informed
consent was obtained after participants were briefed about the study and before the first data
collection began. Participant information sheets, consent forms, recruitment posters, and

PAR-Q+ are provided in Appendix 5-B to 5-E.
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5.2.2 Study Design

The study was a pilot randomised controlled trial (RCT) with a mixed-methods design. A
pilot RCT was chosen over a single-group pre-post feasibility design to assess the feasibility
of implementing a random allocation procedure within the co-design intervention and for
the preliminary evaluation of effect sizes. In line with the MRC framework for developing
and evaluating complex interventions (Skivington et al., 2021), this would allow for the
estimation of variability in outcome measures that will inform sample size calculation for a
fully powered trial. Following completion of baseline measurements, participants were
randomly allocated to either the control or intervention group (1:1). Random permuted block
sizes of 2, 4 and 6 were used when allocating participants to maintain balance across the
groups. Randomisation was carried out by a researcher independent of the research team,
with randomisation by study ID stored in opaque envelopes. This study was registered at
Clinicaltrials.gov (NCT07095322, 23/7/2025) (Appendix 5-F). The study period was 24
weeks (12 weeks of active intervention and follow-up at week 24). During the baseline visit
in week 0, participants signed the consent form and provided demographic data, including
age, postcode (for deprivation categories, as explained in Chapter 3), ethnicity, working
status, academic level, and marital status, collected via a paper form. Past MSE history data
were collected from participants in the intervention group during their post-intervention
interviews at week 12. All four lab visits (baseline, mid-intervention, post-intervention, and
follow-up) were conducted at the Sir James Black Building, University of Glasgow. The

overall study design is shown in Figure 5.1.
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Week 0 17 randomised
Control Group

Continue daily
living

Week 1 to 4

Mid-Intervention Measures

Continue daily
living

Week 5 to 12

Post-Intervention Measure

Week 24 Follow-Up Measures

Figure 5.1: Study framework. MSE refers to muscle-strengthening exercises.

5.5.3 Intervention

5.5.3.1 Control Group

The control group were asked to maintain their habitual activity and were offered a 12-week

University of Glasgow Sports membership after they completed all four lab visits.

5.5.3.2 Intervention Group

The intervention group were asked to participate in any type of MSE of their choice, on two
days a week. The exercises they could choose from were weight machines, free weights,
resistance bands, bodyweight exercises, holistic exercises such as yoga and Pilates,
alongside strength training classes like Body Pump. The intervention involved five

components, which were: 1) a strength education session, 2) optional group exercise sessions,
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3) an online support group, 4) logging training and 5) access to various modalities. The

intervention started with strength education sessions (1 per week) from week 1 to week 4,
and, from week 5 to week 12, the participants were asked to continue performing two
sessions of MSE of their choice per week, targeting the major muscle groups. During weeks
5-12, weekly reminders were sent, and participants could attend optional group exercise
sessions led by NR. A 12-week gym membership was provided from week 1 to week 12 at
a gym of their choice to be as convenient as possible. From week 13 to week 24, the gym
membership, weekly reminders, and optional group exercise sessions were discontinued, and
participants were asked to continue their new routine. Each of the five intervention

components is described in detail below.

Strength Education Sessions

The strength education sessions took place over 4 consecutive weeks at the University of
Glasgow exercise lab and took the format of presentations and practical demonstrations.
Participants were also provided with a Strength Education Session booklet that included a
guide for each session, which could be taken home and kept as a reference. The booklet
content was informed by the findings from Chapter 3 and Chapter 4, specifically identifying
knowledge gaps, misconceptions and participants-identified learning needs related to MSE.
The key areas included the importance of MSE, different exercise modalities and techniques,
and strategies to support engagement and confidence. The booklet was initially developed
by the principal researcher (NR) and then iteratively refined through discussion and review
with the research team (GR and SG). Revisions were made to ensure that the content was
evidence-based, aligned with the co-design findings and appropriate to deliver within the 4-
week education sessions. The collaborative process ensured both academic rigour and
relevance to the target population. The Strength Education Session booklet is included in

Appendix 5-G. The content of each week is outlined below:

e Week 1: Education session 1 was an in-person group session that covered the benefits of
MSE and the fundamentals of MSE exercise, such as progression and target muscle
groups. A demonstration of upper-body home-based band/bodyweight exercises was
given, and participants were asked to perform these on two days per week before the

next session.
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e Week 2: Education session 2 was an in-person group session that included follow-up and

troubleshooting of the upper-body exercises from week 1, a demonstration of lower-body
band/bodyweight exercises, and initial goal setting about what the participant hoped to
achieve from the intervention and how best to achieve it. Participants were asked to
perform upper- and lower-body exercises on 2 days per week before the next session.

e Week 3: Education session 3 was an in-person group session that included follow-up and
troubleshooting of the lower-body exercises from week 2 and an introduction to safely
performing exercises in the gym environment. Participants were asked to perform either
gym-based or home-based lower-body and upper-body exercises on two days per week
before the next session.

e Week 4: Education session 4 was an in-person or online, 1-2-1 discussion session that
involved follow-up and troubleshooting of the previous weeks’ exercises alongside
guidance on suitable muscle-strengthening classes. Participants were asked to perform
either gym- or home-based upper- and lower-body exercises or attend classes on two
days per week, based on their preferences. A mix of gym, class or home-based exercise

was allowed.

Optional Group Exercise Session

Optional group exercise sessions were offered from Week 4 to Week 11, with a range of two
to four sessions offered weekly. Participants were given a notice a week before each session,
noting the times and format (online or in-person University of Glasgow exercise lab), and
were asked to sign up for the session if they were interested in joining it. The optional group

exercise session plan was as follows:

Table 5.1: Optional group exercise sessions plan.

Week | Content Format Date and time

4 Gym-based exercises | In-Person e 4 February 2025 (8 AM)
e 4 February 2025 (1 PM)
e 6 February 2025 (8 AM)
e 6 February 2025 (1 PM)

5 Bodyweight exercises | Online e 10 February 2025 (1 PM)
e 11 February 2025 (1 PM
6 Resistance bands In-Person and Online | e 18 February 2025 (8 AM)

e 18 February 2025 (1 PM)
e 20 February 2025 (8 AM)
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e 20 February 2025 (1 PM)
7 Gym-based exercises | In-Person e 24 February 2025 (8 AM)
e 24 February 2025 (12 PM)
e 25 February 2025 (8 AM)
e 25 February 2025 (12 PM)
8 Bodyweight exercises | Online e 3 March 2025 (8 AM)
e 3 March 2025 (1:15 PM)
e 4 March 2025 (8 AM)
e 4 March 2025 (1:15 PM)

9 Resistance bands In-Person e 10 March 2025 (8 AM)
e 10 March 2025 (1 PM)
10 | Gym-based exercises | In-Person e 17 March 2025 (8 AM)

e 17 March 2025 (12 PM)
e 18 March 2025 (8 AM)
e 18 March 2025 (12 PM)
11 | Resistance bands In-Person e 24 March 2025 (8 AM)
e 24 March 2025 (1 PM)

Online Support Group

An online support group, facilitated via WhatsApp, was established with two aims: 1) for
communication with the researcher and 2) for social interactions between participants to talk
with each other and share their experiences. The online support group was also used to send
notices about upcoming group exercise sessions, reminders to complete at least two days a

week of MSE, and reminders about upcoming lab visits.

Logging Training

Participants were provided with an A5 physical training log, in which they were asked to
record each MSE they performed. The log contained sections for the day, date, time, type of
activity, rate of perceived exertion (RPE), set, repetitions, and load (where applicable).
Participants were asked to complete this in as much detail as possible throughout the 24
weeks. The intensity of the activities, recorded by RPE, was based on the validated visual
analogue scale by Robertson et al. (2003), where participants rated their perceived exertion
and difficulty of activities on a 0—10 scale. For this study, intensities 0—4 were classified as
low, 5-7 as moderate, and 8—10 as high. In the first week of the exercise, participants were
advised to continue until they reached a score of 4-6 on the RPE scale. In the subsequent

weeks, they were asked to aim for 8-10 on the RPE scale. Once they were able to complete
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the same activity at an intensity of 4-6 on the RPE scale, they were advised to progress by

increasing the weight or moving up the resistance band level. The training log is included in
Appendix 5-H. Throughout weeks 1 to 12, participants received a weekly reminder to
complete the exercises and a voting poll in the WhatsApp group to indicate which sessions
they had completed. The voting poll consisted of four choices based on the number of
exercise sessions completed, which were none, one session, two sessions and more than two

sessions.

Access to Various Modalities

Participants were given provision to allow two types of modalities to be performed: 1) a 12-
week gym membership and 2) 6 levels of resistance bands. Both modalities were given at
the start of the intervention. Participants had the option to choose either the University of
Glasgow Sports membership, an external gym membership, or an exercise classes

membership, such as Pilates. External membership costs were capped at £40 per month.

5.5.4 Outcomes

The primary outcome was to assess the feasibility and acceptability of the co-designed MSE
intervention. Feasibility was assessed based on accrual, retention (completion of all lab
visits), and adherence, and acceptability was assessed through qualitative interviews. The
feasibility and acceptability were explored within the intervention group. The primary
outcome was assessed at post-intervention (week 12) and follow-up (week 24) through an
interview. Secondary outcomes were the changes in body composition (bodyweight, body
mass index, body fat percentages, fat-free mass, and vastus lateralis muscle thickness) and
muscular strength (handgrip strength, back strength, and knee extensor maximal isometric
strength). The secondary outcome measurements were conducted at baseline (week 0), mid-
intervention (week 6), post-intervention (week 12), and follow-up (week 24). Participants

received a £25 Amazon voucher for each lab visit they completed.

5.5.4.1 Feasibility and Acceptability

Two interview topic guides (Appendix 5-I) were developed by the lead researcher (NR) and
further finalised with the research supervisors (SG and GR). The intervention group were
invited to an interview during their post-intervention and follow-up visits with the lead

researcher to explore the feasibility and acceptability of the five-intervention components
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offered (strength education session, optional group exercise session, online support group,

logging the training and access to various modalities) as well as their experiences with the
study overall. The interview lasted around 60 minutes at University of Glasgow and was
audio-recorded for analysis. Participants who did not attend the follow-up session were
invited to take part in the online interview via Microsoft Teams. During the interviews, open-
ended, non-judgemental questions, neutral prompts to encourage elaboration, and the usage
of the participants’ own terminology in follow-up questions were used to eliminate potential

interviewer bias.

Adherence to the study was recorded based on attendance at the strength education sessions
and the optional group exercise session. Training data adherence was recorded in two ways:
from the training log (24 weeks) and a voting poll in the online support group (for the first
12 weeks) and was based on the number of sessions completed. As the voting poll was
conducted on either Wednesday or Friday each week, the voting poll data was cross-checked
against the final extracted training log for the 12-week intervention. If data were available
in the voting poll but not in the training log, the voting poll data were used; similarly, if data
were available in the training log but not in the voting poll, the training log data were used.
However, if data was not available in either the training log or the voting poll, it was

classified as ‘no sessions completed’ for that week.

5.5.4.2 Body Composition and Muscular Strength

While the primary focus of the thesis was to improve participation in MSE, changes in body
composition and muscular strength were included as exploratory outcomes to provide some
early understanding of the potential effects from MSE participation. Body composition and
muscular strength measures were selected because they are commonly reported health-
related outcomes in resistance training research and provide objective indicators of

musculoskeletal adaptation.

Body Composition

Participants’ height and body mass were collected using a stadiometer (Seca 220, Hamburg,
Germany) and a digital weight scale (SECA 877, Hamburg, Germany). Body mass index
(BMI) was calculated using the BMI formula (BMI = kg/m?). Participants’ body fat
percentages and fat-free mass were measured using a segmental body composition analyser

(TANITA BC-418). Vastus lateralis muscle thickness was measured using a small handheld
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ultrasound device (Telemed LS128 CEXT-1Z, Vilnius, Lithuania). Measurements were

taken at 50% of the distance between the lateral condyle of the femur and the greater
trochanter, and the probe was placed at 10% of the circumference, measured from the thigh
anterior midline (Ismail et al., 2019). In addition, to increase acoustic coupling and minimise
near-field artefacts, a water-soluble transmission gel was applied to the skin. All ultrasound
images were digitised and analysed with ImageJ software v.137 (US National Institutes of

Health, Bethesda, MD, USA).

Handgrip Strength

Handgrip strength was measured using a handgrip dynamometer (JAMAR J00105, Lafayette
Instrument Company, IN, USA). Handgrip strength test was selected as a pragmatic and
validated indicator for evaluating muscle function and overall physical ability (Vaishya et
al., 2024), which is commonly used in physical activity and resistance training research. To
do this test, the participants were asked to squeeze the handgrip dynamometer with as much
force as possible while seated, with the elbow flexed at 90 degrees. Participants were asked
to perform this test three times for each hand, with a rest between each attempt. The highest

value was used for analysis.

Back Strength

Back strength was measured using a Back and Leg Strength Dynamometer (Takei 5002,
Takei Scientific Instruments Co., Ltd., Niigata City, Japan). The back strength test was
selected to measure functional trunk strength, which is important in many activities of daily
living. Participants were asked to stand on the base with their feet shoulder-width apart, bend
their knees slightly, and hold the handle with both hands, keeping their back straight as they
pulled upwards. The test was performed three times with a rest in between each attempt. The

highest value was used for analysis.

Knee Extensor Maximal Isometric Torque

Knee extensor maximal isometric torque was measured on the right leg during a maximal
voluntary contraction (MVC). This test was selected to measure the lower limb maximal
force production, which is important for functional movements like getting up from a chair

or climbing stairs. The setup has been explained previously in Andrews et al. (1996).
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Participants were asked to sit in a chair with their legs at a 90-degree angle. A strap was

placed around the right ankle, which was connected to a force transducer which recorded the
force via a load cell (Biometrics Ltd, Newport, UK). Participants were asked to contract
maximally with the leg fixed in position, and the force was recorded for 10 seconds.
Participants performed three contractions, with a 1-minute rest between each contraction. A
fourth contraction was performed if there was a >10% difference between the third and
second contraction. The highest value was used in the analysis. Limb length was measured
using a tape measure from the centre of the knee joint’s axis of rotation (medial femoral
condyle) to the top of the ankle, where the force transducer was attached. Torque was
calculated according to the formula below, where 7 is the torque, r is the lever arm, and F'is
the force:

T=1r X F

5.5.5 Sample Size

This was a pilot RCT study, and no formal sample size calculation was carried out. The main
component of the intended work is to collect preliminary data to inform the sample size
calculation for a subsequent definitive trial. The sample size was therefore based on
guidelines from Julious (2005), where 12 participants per group is recommended for a pilot
study. Considering a 20% dropout rate, the aim was to recruit a total of 34 participants (17

participants per group).

5.5.6 Statistical Analysis

This study is reported following the Consolidated Standard of Reporting Trials (CONSORT)
(Hopewell et al., 2025) (Appendix 5-J). All audio recordings from the interviews were
transcribed verbatim using the Ist Class audio transcription service and checked by NR.
Transcripts were analysed deductively to assess the feasibility and acceptability of the co-
designed intervention. The analysis followed Braun and Clarke (2006) a six-step thematic
analysis, but the categories were structured according to pre-defined intervention
components rather than generated inductively from the data. All the transcripts were coded
using Atlas.ti v25.0.1. The Participant Perception Matrix for Intervention Component was
developed as a structured analytical display to summarise participants’ qualitative views on
each of the five intervention components, based on interview data. Matrix-based displays in

a tabular format are recommended because they allow the data to be presented in one clear
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place and support detailed analysis of patterns and comparisons across participants and

components (Miles et al., 2014). Following the thematic coding, each participant’s
perception of each component was interpretively classified into one of five ordered
categories (1= no reference, 2 = needs a lot of work, 3 = needs some work, 4 = doing okay,
5 = doing great). The no-reference category indicates the absence of comment on the
intervention component rather than a negative perception. The transformation of qualitative
data into quantitative data is consistent with a mixed-methods analysis approach to facilitate
comparison (Creswell and Plano Clark, 2018). Ratings were performed independently by
two authors (NR and GR). In cases of disagreement, the researchers met to discuss the rating
and reach an agreement on the final score. The Participant Perception Matrix is included in

Appendix 5-K.

Training log data was extracted to Microsoft® Excel V.16.98 (Microsoft Corporation,
Redmond, WA, USA) and classified based on the type of exercises (weight machines, free
weights, resistance bands, bodyweight exercises, holistic exercises or exercise
classes/videos), the total number of exercises in each type of exercise, sets, repetitions and
average rate of perceived exertion (RPE) weekly over the 24-week study for each participant.
Participants’ knowledge and satisfaction ratings were recorded on a scale of one to five. The
mean and standard deviation of each (training log and rating of knowledge and satisfaction)
were then calculated using Microsoft® Excel V.16.98 (Microsoft Corporation, Redmond, WA,
USA).

Statistical analysis for quantitative data (body composition and muscular strength) was
performed using IBM SPSS v29.0.2.0. All data were tested for normality before selecting
the appropriate test. A repeated-measures ANOVA was conducted to determine the effect of
time and time-by-group interactions on the secondary outcome variables. A post hoc t-test
with the Bonferroni correction was applied to identify within-group differences across all
four time points following a significant time effect in the ANOVA. Significance was set at p

<0.05 throughout.
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5.6 RESULTS

5.6.1 Participant’s Demographic Characteristics

In December 2024, 182 women expressed interest in participating in this study. 60 women
were assessed for study eligibility after replying to the screening email, and 37 were eligible
to participate. In January 2025, 34 participants were enrolled and randomised (100%). Of
these, 91% of participants completed all four lab visits (31/34 participants; 94% for the
control group, 88% for the intervention group) (Figure 5.2). The demographic descriptions
of the trial participants are reported in Table 5.2. The trial participants were mainly from an
affluent area (36% least deprived), white (45%), well-educated (97% university degree or
higher), full-time students (52%), single (77%), with a mean age of 28.90 + 7.6 years (range

19 — 45 years old). No adverse events were reported during the trial.
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Figure 5.2: CONSORT diagram of participant flow during the study.
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Table 5.2: Demographic characteristics of participants.
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Total Control Intervention

n =31 (%) n=16 (%) n=15 (%)
Age (Mean = SD, years) 289+7.6 31,1 £7.6 266 +7.1
Deprivation Category
Most deprived 9(29.0) 5(31.3) 4 (26.7)
2nd most deprived 2(6.5) 0(0.0) 2 (13.3)
Median quantile 4 (12.9) 3 (18.8) 1 (6.7)
2nd least deprived 5(16.1) 3 (18.8) 2 (13.3)
Least deprived 11 (35.5) 5(31.3) 6 (40.0)
Ethnicity
White 14 (45.2) 9 (56.3) 5(33.3)
African/Scottish African/British
African 2 (6.5) 0 (0.0) 2(13.3)
Asian/Scottish Asian/British Asian 11 (35.5) 4 (25.0) 7 (46.7)
Mixed, multiple or another ethnic 4(12.9) 3(18.8) 1(6.7)
group
Working Status
Full-time student 16 (51.6) 7 (43.8) 9 (60.0)
Employed or self-employed 12 (38.7) 8 (50.0) 4 (26.7)
Doing unpaid work 2 (6.5) 1(6.3) 1(6.7)
Unemployed 1(3.2) 0(0.0) 1(6.7)
Academic Level
Trade, technical certificate,
apprenticeship or diploma 13-2) 0(0.0) 1(.7)
University degree or higher 30 (96.8) 16 (100.0) 14 (93.3)
Marital Status
Single (never been married) 24 (77.4) 12 (75.0) 12 (80.0)
Single (with children) 1(3.2) 1(6.3) 0 (0.0)
Married (without children) 2 (6.5) 2 (12.5) 0 (0.0)
Married (with children) 3(09.7) 0 (0.0) 3 (20.0)
Divorced/Separated (with children) 1(3.2) 1(6.3) 0(0.0)

The deprivation category is based on the quintile of the index of multiple deprivation (IMD).

The full category of working status is as follows: 1) Full-time student, 2) Employed or self-

employed, 3) Doing unpaid work (for own or family business/volunteering/looking after
family or home), 4) Unemployed (looking for a job/unable to work due to illness or disability)
The total sample represents the total responses in each category whereas the percentage

represents the percentage within the group.
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5.6.2 Feasibility of the Co-Designed Intervention

Of the initial 17 participants in the intervention group, 14 (82%) participated in an interview.
Three participants self-reported being complete beginners in MSE, and 11 were restarting

their MSE journey.

5.6.2.1 Adherence to intervention

Adherence data are not reported for weeks 13 to 24 due to insufficient and incomplete data
captured during the follow-up period. During the 12-week intervention phase, adherence was
monitored using both the training log and weekly voting poll within the online support group,
which allowed for the cross-verification of the reported MSE sessions. However, during
weeks 13 to 24, the participants no longer engaged in the structured intervention components
and the weekly voting poll was discontinued. As a result, adherence during the follow-up
period relied solely on self-reported training logs, which were mostly incomplete during this
period and could not be utilised. Seventeen physical copies of training logs were distributed
at the start of the intervention, and 15 training log data were extracted (88%) for 12 weeks
of intervention. Participants were expected to complete at least 24 exercise sessions (2 per
week) over 12 weeks to be considered fully adherent. The finalised intervention adherence

data are presented in Figure 5.3.

Adherence was highest at the start of the intervention, with all participants completing 2 or
more sessions a week in weeks 1 and 2. A gradual decrease in participation was observed
from week 3 onwards, with notable drops in weeks 8 and 9. At week 3, the adherence was
87% (n = 13), then further declined to 73% (n = 11) in weeks 4, 6, and 7. At week 5,
adherence slightly increased to 80% (n = 12) before declining further to 53% (n = 8) at weeks
8, 10, 11, and 12. The lowest level of adherence was 47% at week 9, when only seven
participants attended two or more MSE sessions. Throughout the 12 weeks, only four

participants adhered to the intervention of doing at least two days a week of MSE.
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5.6.2.2 Training Log Data

Table 5.3: Summary of training log data across 12 weeks.
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Intervention (n = 15)

Mean = SD
Exercise Sessions 24 £ 15
Duration (minutes) 1212 + 1254
Weight Machine
Number of Exercises 30+40
Sets 98 £ 167
Repetitions 1081 + 1973
Rate of Perceived Exertion 6+£2.6
Free Weights
Number of Exercises 33+32
Sets 102 £ 115
Repetitions 2371 +£4919
Rate of Perceived Exertion 5+£29
Resistance Bands
Number of Exercises 21 +25
Sets 56 £ 86
Repetitions 609 + 929
Rate of Perceived Exertion 5+£2.6
Bodyweight Exercises
Number of Exercises 20 + 31
Sets 67 £159
Repetitions 876 £2189
Rate of Perceived Exertion 5+£2.3
Holistic Exercises (yoga or Pilates)
Number of Exercises 6+9
Rate of Perceived Exertion 3+3.5
Exercise Classes/Videos
Number of Exercises 2+4
Rate of Perceived Exertion 2+32

Note: Due to the nature of holistic exercises and exercise classes/videos, sets and repetitions

were not recorded.
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Table 5.3 presents the training log data extracted from 15 participants over 12 weeks,

providing an overview of MSE adherence, training durations, modalities used, sets,
repetitions, and exercise intensity. Overall, participants completed a mean of 24 + 15 sessions
over 12 weeks, with substantial variability in adherence among individuals. Eight
participants completed more than 24 sessions, one participant completed 21 sessions, and
six participants completed fewer than 16 sessions over 12 weeks. For training duration, an
average of 1212 + 1254 minutes of MSE was performed over the 12-week study period. This
corresponded to approximately 50 minutes per session, which indicated that participants
generally accumulated moderate sessions durations that are typical with resistance training

sessions rather than brief activity bouts

Across modalities, free-weight exercises were the most frequently performed MSE type,
with an average of 30 exercises, followed by weight machines, resistance bands, and
bodyweight. In contrast, holistic exercises and exercise classes/videos were the least
frequently performed by the participants. Across all MSE types, the average intensity was
moderate (RPE 5 — 6), except for holistic exercises and exercise classes/videos, where the
intensity was reported as low (RPE 3). Overall, the data indicate that participants engaged
in a mix of structured resistance training and flexible exercise modalities, with moderate

intensity and substantial variability in participation.

5.6.2.3 Session Attendance

Of the 17 participants in the intervention group, 15 completed all four lab visits (88%). For
the strength education sessions, the first week of education sessions had an 87% attendance
rate, and the second through to fourth education sessions had an 80% attendance rate. Nine
out of 15 participants completed all education sessions (60%), three participants completed
three education sessions (20%), one participant completed two education sessions (7%), and
two participants completed one education session (13%). The optional group exercise
sessions were conducted from Week 4 to Week 11, with a range of two to four sessions
offered weekly. Over the eight weeks, two participants joined for four weeks (one attended
four sessions; the other attended seven sessions), and two participants joined for one week

(one session each), with the remaining participants not attending any sessions.
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5.6.2.4 Feasibility of Data Collection

During the interview, participants were asked about their opinions of the testing protocol
during the lab data collection sessions. Five tests were conducted in the lab, which are body
composition, vastus lateralis muscle thickness using ultrasound, handgrip strength, back
strength, and knee extensor maximal isometric torque through maximal voluntary
contraction. Participants expressed that the instructions given by the researcher and the
purpose of the test were easily understandable. The tests were perceived as straightforward.
Many participants highlighted that being able to see changes in their body composition and
muscular strength made them more motivated, and this contributed to their sense of
enjoyment in participating in the intervention. The participants also shared that they felt
comfortable during the testing and viewed the testing protocol as non-invasive and easy to
complete. Lastly, participants reported satisfaction with the duration of the data collection
sessions, where they described it as quick and well-balanced. Table 5.4 presents some of the

indicative quotes according to the participants' opinions.

Table 5.4: Participants’ opinions on the testing protocol.

Codes Indicative quote(s)

“Yeah, they seem fine, they seem appropriate. Obviously, I don 't know
anything about the actual equipment, so you’ll know if it’s the right
way of testing, but it s not difficult.” (P03, age 36)

“Yeah. Simple enough, yeah, and I think you're testing a range of
different things, that’s good, they’re all quite easy, like, non-
complicated tests, so it’s good, yeah. (P14, age 24)

Understanding
the test

“I think they 're good because that's what I was thinking today. I hope
I’'m not at the same level as [ was the last time. So, it’s good to see
that progress. Even when you measure the muscle, it's nice to see that
actually there is a change when you 've been three months.” (P06, age
43)

“I think it tells me about my own progress, because again I can't really
tell from my appearance, but you would be able to tell from the data”
(P19, age 20)

Enjoyment and
motivation

“Yeah, I'm really comfortable with that. And it’s really easy to
achieve, so it’s really nice.” (P02, age 26)

“Theyre good, I don t feel uncomfortable during the test at all, so I'm
happy to do them.” (P30, age 27)

Comfort during
the testing

“Its fine, yeah, it'’s quite quick.” (P14, age 24)

“I think it was perfect, so it s not too rushed, but it’s also not dragging
Length of the for too long, so I think its the perfect time.” (P33, age 23)

session “The testing, I think its fine. Actually, it’s always faster than I think,
especially the six-week one, because there was no interview; it'’s just
that. 1t s fairly quick.” (P35, age 20)
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5.6.3 Acceptability of the Co-Designed Intervention
Figure 5.4 illustrates the participants' perceptions of the five intervention components.
Overall, having the strength education session and access to various modalities was crucial

for helping women participate in MSE. The following subsections provide a brief

explanation of each component.

Participant 02
rticipant 03
rticipant 06
rticipant 08
rticipant 14
rticipant 18
rticipant 19
rticipant 20
rticipant 23

articipant 29
articipant 30
Participant 31
Participant 33
Participant 35
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Figure 5.4: Participants’ Perception Matrix for the WISH Intervention Component.

5.6.3.1 Strength Education Sessions

The strength education session offered at the beginning was seen as essential for participants
to gain and refresh their knowledge of conducting MSE. The three main benefits of the
strength education component, according to the participants, were having the ability to ask
the expert, group interactions, and demonstration of exercises. The knowledge gained from
the education sessions helped the participants to plan their exercises on their own. Some
participants who joined the session online appreciated the flexibility of the delivery method,
and one provided feedback on improvements for the online version of the education session.
While participants were happy with the overall content of the education sessions, several
topic suggestions for future sessions were offered, including warming up and cooling down,
more information on gym-based exercises, dietary intake during strength training, and
training during menstruation. Table 5.5 presents the indicative quotes according to the

participants' opinion of the strength education session.
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Table 5.5: Participants’ opinions on the strength education session.

Codes

Subcodes

Indicative quote(s)

Opinion

Knowledge

“Very useful, I didn 't know of the stuff before, especially the
one where it said females arent supposed to look bulky.”
(P30, age 27)

“I thought it was really good. I thought because I hadn't
really ever used any of, for example, the gym equipment, or
1 didn t know the different exercises I could do, it was really
useful as an introduction to strength training exercises. So,
when [ did go to the gym or when I was at home, I actually
was able to pull from those education sessions and plan a
workout there. I could actually know what I was doing,
which was nice. Because that was a real challenge for me
before, and that’s what really put me off doing strength
training exercises.” (P29, age 22)

Ability to ask
the expert

“I think they were really helpful. It was broken down in a
way that’s easy to understand. Even though I know that 1
would be able to understand some bits, reading it at a more
complex level, its just difficult to understand it and
personalise it to you and relate that to yourself. So, I think
having someone else break it down into a way that was easy
to understand and start off with the basics was really good.
And also linking it to studies really helped because it does
come up, so I think being able to relate, oh, this is what ['ve
learnt from the strength training, I can do that.” (P35, age
20)

Group
interaction

“You re doing it as part of a community, and I suppose that s
the benefit of not having it pre-recorded. Because then
you 're like, oh, I can do it anytime, whereas if it s like, listen,
this session s going to run once this week and you have to
attend, then you 're more likely to get up, just do it, and then
you know that you 've done your bit” (P03, age 36)

“And I think it’s very interesting because it’s more like a
group interview. So I have some ideas from them as well and
also, I see I'm not alone, like everyone has the same feeling
as mine, so it’s good to know that all of us are trying to push
ourselves into this.” (P20, age 22)

Exercise
demonstration

“I found it really helpful. A lot of the things I’'ve already
known before from my past experiences, but I did also find
it really helpful how you were actually demonstrating, and
it wasn t just talking.” (P29, age 22)

Online
delivery

“It was good because I joined it online, so for me it was
convenient, and it was, like, I didn't have any clue about
how to use the resistance bands, I’d never used them before.
So seeing you and how to use them was the first time I'd had
any exposure. And then when I joined the exercise class,
obviously, they used resistance bands as well, so that was
informative. And I think, you know, if  wasn t, for whatever
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reason, to join a gym or keep joining the gym, I would at
least know how to use the resistance bands. Which I think
are such a good tool, and if you 've got them then they re so
easy to, kind of...although they re not, they re not easy to
use, as in, they’re hard, but you can do, you're shown
enough different ways to make it...impacting your different
areas. So that was useful for me.” (P18, age 37)

“What do I dislike about the session? I dont know, maybe
it’s a practical thing, maybe you could have changed, but 1
realise you were doing some in-person people as well,
maybe you could have changed the angle of the camera, so
it was a bit more like an aerobic session or a YouTube video.
So, just a bit more front facing, maybe with a mirror behind
you, would have been useful, so maybe in a gym kind of
setting. But, like I say, it’s just a practical thing, it’s nothing
in terms of the actual content of the session.” (P03, age 36)

In-person
delivery

“They were good. I think for me as well, because I came in
groups that were quite small, I was able to ask questions
about form and things like that, so that was really helpful.
And then you could help us make adjustments for anything,
like for injuries and stuff, so I thought that was really good
to have that one-to-one, because I did all of them in person
as well, so that was really good.” (P14, age 24)

Suggestion

Warm-Up and
cool Down

“Yeah. Actually, like there are some warming-up exercises,
Jjust maybe tell people how to do it. Because all of us know
how to do the regular ones, but maybe some people dont
know what its for. Is this better for your back or better for
your arms? They have no idea. They just know everyone is
doing these things, so we just follow, yeah.” (P02, age 26)

Gym-based
exercises

“Maybe, like, a couple more sessions. Like, especially with
the gym-based ones, just a few more to get you going.”
(P31, age 19)

Dietary intake

“I think the content was pretty good. 1 feel like if you wanted
to, you could include something about, like, diet, about
protein and, like, when...Because I think one thing I would
struggle, is whether I should eat before or after the gym,
like, what I should eat before and after the gym, but that’s
Jjust me, and also, like, I just Google it. I just sort of, you
know, consult the internet, but maybe some people wouldn t
want to do that, just in case.” (P20, age 22)

“I feel like, exercise-wise, I'm doing quite well. Like I said,
Jjust the diet, so I can actually see a difference in my body,
because I do know that if you don't eat but you're still
working out every day, you won t really see any difference.
So definitely just nutrition-wise and what calories you need
to eat, and protein and all that.” (P33, age 23)
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Training
during
menstruation

“I think that would be helpful, because like, it's hard to
exercise during that period of time (menstruation).” (P08,
age 31)

“I feel like it’s something to definitely include, just...not
even, like, as a, you should train on these days because of
this, more like a, you might find that you feel weaker during
these periods, this is why. During these times, maybe you
could, like — I don't know — focus more on things that you
enjoy rather than things that you 're doing specifically for,
like, a purpose, so like, you could be like, if you enjoy squats
more than lunges, do squats during this time, but, like,
lighter, more reps, type thing, but that’s just me.” (P20, age
22)

5.6.3.2 Optional Group Exercise Sessions

The optional group exercise sessions were the least effective intervention component among

the five components. Participants who joined the session found it useful, while those who

did not reported that this was mainly due to scheduling conflicts and the session's location.

Several suggestions for improvement were made by the participants, such as scheduling

more sessions, varying locations, and making the sessions mandatory. Table 5.6 shows the

participants’ opinions and suggestions regarding the optional group exercise session.

Table 5.6: Participants’ opinions on the optional group exercise sessions.

Codes

Subcodes

Indicative quote(s)

Opinion

Joined the
session

“You did the different exercises because I think I kept doing
the same exercises, so you gave me something different. So,
that was good, and I could also fit it in during my day.” (P30,
age 27)

“I think they were good, because I know I'm typically on
campus, so for me it’s like, I always tell myself, oh, you can
only go to the gym in the morning or in the evening, because
if you go in the middle of the day, you probably want to go
home. Even if I go to my current gym, I'm going to see my
bus home, and I'm going to be like, thats it, there. But I think
here there was just a bit more accountability, knowing that
there'’s someone there who is going to watch you do your
exercise and is going to critique you positively, make sure
that you're doing it right. And I think it was a really good
time to ask questions, and also just getting it over and done
with. I think if someone else scheduled it, it's easier to put in
a timetable, get it over and done with, and then it’s like

you’ve got one of your sessions done, which I think is really
helpful.” (P35, age 20)
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Did not join
the session

“My reason is my planner because I had it in my planner,
sometimes if I had time, but this time was allocated to the
gyvm I was going to already, so I just didn t want to break my
routine. That was the only reason. Otherwise, I would come
and join in, but because I've already had plans in the
planner, I didn't.” (P06, age 43)

“So, for me, I have, like, if [ have two days that I'm doing the
sessions that I'm committing to regularly, I can t do anything
on top of that. My, on top of, like, work, little one, family, my
commitment...and I’ve got other extracurricular things that
I do. My commitment is very limited.” (P18, age 37)

“Yeah, so for me, the main reason that I couldn t make it was
because it was really far for me to go home, so if I were to
go to university, I would have to take a second bus just to
come here. So that was the main reason.” (P33, age 23)

Suggestion

Frequency of
sessions

“Usually, between 8, obviously, I wouldn't be able to do it
because that s when I get the kids ready for school, et cetera.
But I pm is my gym time. If there were more options within
the days probably be helpful” (P06, age 43)

“I think it would, but I also think it’s one of those things
where it’s too much for you to do, then...like if it’s too much
for you to do, like, more days, multiple times a day, then, you
know, like that is like a separate issue. But I do think that
would probably help, yeah.” (P20, age 22)

Varied
locations

“Oh, definitely, definitely. There's, yeah, there's so many...it'’s
just so much easier (varied location), just because of where
we are, it § so central and then the parking is difficult, there's
Just a lot of walking as well, so it just takes time out of your
day rather than driving to somewhere in the suburbs, quickly
parking up, running in, doing your thing. And even if you did
the live sessions then, I think a lot of people would come and
attend, they’d see it as a fitness class, and they would come
and attend. Especially if it s, like, early in the morning or in
the evening, where they can just do it around their other
commitments, [ think it would be really a good idea.” (P03,
age 36)

“Yeah, for sure. If it (session) were closer and it was easier
for me to get to, then I would definitely participate.” (P33,
age 23)

Mandatory
session

“I think there can be more group sessions, or we can make
them mandatory. I think that will increase the turn-up rate.”
(P19, age 20)

5.6.3.3 Online Support Group

While the main purpose of the online support group was to facilitate social interaction

between the participants and the researcher, this goal was not fully achieved, as there was
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only limited interaction among participants. The online support group was mostly

researcher-led, and participants responded to the researcher (NR) more than they posted
about their MSE participation or interacted with each other. However, participants
appreciated that the online support group was useful for weekly reminders to complete the
exercise sessions and for fostering a sense of community, knowing that other participants
were in a similar situation to them. Participants suggested improvements to the online
support group, such as sending an exercise plan, videos, and articles. The indicative quotes

of participants’ opinions are described in Table 5.7.

Table 5.7: Participants’ opinions on the online support group.

Codes Subcodes Indicative quote(s)
Limited “I was expecting people to be more active. I'm quiet as well,
social so I'm not saying, so I was expecting as well, oh, people will

interactions | be asking lots of questions, how to do this, this, this, posting
their pictures. This is me after the gym. I thought people were
more social.” (P06, age 43)

“But it was more the WhatsApp, I kind of thought that the
girls might have been like, this is what I'm doing, what are
you doing? Or, like, nobody really talked, and I was, like, fair
enough, busy studying, working. But nobody spoke, and I
was like...so I tried things like, oh, hi. And everyone hearted
it, and I'm hoping it was actually like, oh, my name is this
and I'm these years old, and ['ve been doing this for a year

or two years, I've just started. So, it was kind of weird that
way.” (P0S, age 31)

Reminders “Good for reminders, yeah. I don't think I've used it that
much otherwise because I’'ve not been in the, like, optional
classes, but, yeah, its definitely good for reminders or
questions or things that you think would be helpful for
everyone.” (P14, age 24)

“It is important for me to have that reminder, because I'm a
very forgetful person. I sometimes just completely will go
through my life and forget things, and, like, having the
reminders was really helpful as well, with me, like, thinking
whether or not I had done two sessions that week and
knowing that, oh, okay, I need to go today.” (P20, age 22)

Opinion

Sense of “Yeah, and I think it's just nice that we've got a place where
community | we can, like, just send...so, like, I know that if I need help, 1
can either message you or I can send something in the group
and be like, has anyone else had this problem, so yeah.”
(P20, age 22)

“It was a great motivator, we could see everyone was trying
their best, or if I was struggling, and I saw that I wasn't the
only one struggling. So, that was very helpful.” (P30, age
27)
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“Having the reminders and also...more like for the comfort
of knowing that if I have an issue that I could just message
the group and then somebody will get back to me, instead of
being completely isolated and by yourself.” (P33, age 23)

Exercise
plan

“I think, like, some examples of workout plans, or some
exercises and stuff. And, like, warm-up, cool-down and
stuff.” (P31, age 19)

“I would definitely love that. I think that's such a great idea,
because sometimes it feels like I'm doing the same thing over
and over again, so 1'd like to change. But then I'm also a bit
scared of changing because I'm like, what if I'm doing it
wrong? So, it would definitely be helpful to have a different
routine every now and then that you can try out and see how
that feels.” (P33, age 23)

Videos

Suggestion

“Yeah, let them try. You can take a video to tell people how
to do it, and also maybe you can send them a link, maybe a
YouTube link or anything else, but at least give people a
sample, let people know what to do, maybe they can just try
by themselves. This also works, yeah.” (P02, age 26)

Articles

“I think that would be really useful, or it's like, oh, I found
this interesting article on this to do with weight training and
running, like, you know, 1'd enjoy reading that if there's just
interesting things about exercises, or this is like a quick read,
1 find this really interesting. I love those little things of like
little, short bursts. I find that Instagram posts have great
information, like those kinds of things, so I'm like, oh, that's
an interesting kind of thing.” (P23, age 27)

5.6.3.4 Logging the Training

Most participants found that having a record of their training was beneficial for them as they

were able to see their progress over time, and that this contributed to a sense of motivation.

However, one participant expressed mixed feelings about the training log, as it was not

helpful for her to track the exercises she completed. While the purpose of logging the training

was positively accepted by the participants, most participants found that filling in the

physical copy of the training log was hard. Several participants voiced their suggestions for

a digital version of the training log, such as an online platform or an application. Table 5.8

presents the indicative quotes by the participant regarding logging their training.
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Table 5.8: Participants’ opinions on logging the training.

Codes

Subcodes

Indicative quote(s)

Opinion

Having
record

“I find this helps me so much, and I can see the progress, like
looking, I have done 20kg, so now it means it’s lighter, so |
can write down for the next week, I'm increasing 2.5,
etcetera. So, definitely, I don t feel like [ will stop.” (P06, age
43)

“Yeah, like it's good to see, because after a week, you can be
like, I've had a really good week, or maybe ['ve done less this
week, and I'll try harder next week. You can, kind of, compare
them, and think, like, and then the RPEs, you can use that to
gain, like, you can say, oh, they're lower this week, so maybe
I can increase the weight, or I can increase the amount I'm
doing.” (P08, age 31)

“As I mentioned I have started doing, I've gone up from the
light to either the medium or heavy spring in the reformer
class, so I think you can, like, I can naturally feel that I'm
ready to do a harder option, but also I can have the proof
that I, and maybe ['ve gone down to a five or a six and then
L if I put it up then I see the next week it’s gone to seven or
eight, so then it feels a good way to mark that I'm
progressing.” (P14, age 24)

“I know, because before I never used to like reflecting on the
past. I'm still not a fan of it, but I do think it forces you sit
down and actually think through, and then you get to be a
little bit strategic about your planning, like, that means I
know when I go to the gym, I'm not just mindlessly picking
an exercise, I've got a little plan set. Sometimes I’ll do it just
before I go to the gym, it’s like, I want to do this exercise, 1
want to try this weight, try this rep range and stuff. It helps
you just plan it going forward” (P35, age 20)

Subjective

“I would still do it (logging the training), but I wouldn't keep
track as much, because the specific data sets are for you, but
I don't really need to keep track of that on my own. I don't
dislike it, it s just that [ don t really see the point in it because
it’s so subjective.” (P19, age 20)

Suggestion

Digital
version

“I think it would be easier if it’s an online version because
it’s very easy to log in, and also you can write it down as
soon as possible because it’s on your phone.” (P02, age 26)
“I think the most difficult part of it, although is writing down
what I've done, because I always forget. I always sit there on
my phone, I'm like, writing it down in my notes, I'm like,
what have I...what did I...what exercise did I just do? I get,
like, complete amnesia when I'm on there.” (P20, age 22)

“Again, just with gym, they give me this little app where ['m
logging in my weights, and at the end of the session, you put
down the effort level as well or how difficult you find it. So,
it’s transferring over what's been going into the logbook, but
into the app, if that makes sense. So, at the end of every
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session, they might say, you’ve increased how much. Yeah,
its like, you've broken three new personal records or
whatever, it might say you've lifted the equivalent of, like,
eight monkeys or something.” (P23, age 27)

“Perhaps a mobile application because when I’'m at the gym,
[ like to record it on the booklet straight afterwards, and 1
have my phone.” (P30, age 27)

5.6.3.5 Access to Various Modalities

Other than the strength education sessions, participants shared that having access to various
modalities, such as free resistance bands and free gym membership, helped them greatly
with their participation in MSE. Having free access to the gym for the first 12 weeks allowed
the participants to get comfortable with the gym environment and try out the equipment.
They also reported that having resistance bands helped them when exercising at home or
added variety to their exercise plan. Most participants appreciated that there are no set
exercises to complete in this study, as it allowed them to explore the type of MSE that they
prefer and enjoy. When asked if they would consider continuing their gym membership after
the intervention, the majority of participants responded yes, as they had gained initial
experience with the membership offered in this study. Participants also offered several
suggestions, such as additional information on the proper form for the exercises and ways to
progress with them. The indicative quotes of participants’ opinions regarding access to

various modalities are shown in Table 5.9.

Table 5.9: Participants’ opinions on access to various modalities.

Codes Subcodes Indicative quote(s)

Gym “The membership also is, yeah, I think it’s really good
membership | because you're literally getting free or, like, heavily
subsidised workouts, so its great. Really motivating as well
because I think when you, like, have, you’ve paid for
something, then you know you need to show up for it. Yeah,
so it was good. I think it was good to get a taster and make
sure that you’re comfortable in the place that you're going
and then decide to commit to it.” (P14, age 24)

Opinion “About the gym, I actually, yeah, I like the fact that you
weren t insistent on the, you know, specifically for the gym,
so for me I use the local leisure centre, which is much more
convenient for me, its five minutes away...its helpful to
have...I think that also motivated me to continue, like, as in
hopefully continue the gym membership.” (P18, age 37)
“The gym membership was great. I think it really helped
make me feel more comfortable in the gym, and I really liked
the gym. I think it's a nice environment. It was just more, like,
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I would just get too lazy to leave the flat and then go to the
gvm, after 1'd spent the whole day outside. So, what I would
do is just wear my exercise clothes out, and then I would have
to go to the gym.” (P29, age 22)

Resistance
bands

“For me, it'’s brilliant because even in situations where you
cannot use it (gym), well, you can always do something
because you have it in the house, or you can take it with you.
It’s great. And then my feeling was oh, just resistance bands,
but actually when you go, when you set for the higher bands,
it’s harder.” (P06, age 43)

“I thought the resistance bands were really good when it
came to...so when I felt too lazy to go to the gym and I needed
something at home, it was just really easy to just pick up and
do a few bicep curls, and that was really good.” (P29, age
22)

“The resistance bands were very useful to use at home
because I would have found it hard to go to the gym more
than once a week. So, having something at home I could use
because I could use body weight exercises, but then I could
also have something else to help me. So, the resistance bands
were useful and the gym, so to be honest, at the start, when [
tried to go to just the gym itself, but it was always full.” (P30,
age 27)

Suggestion

Additional
information

“I mean, like, I'm pretty happy with the way things are just
now. But even just the studies, like, if you had studies that
you liked, or that you were aware of, and just upping the
reading, I guess. So that it kind of supports what we 're doing
in the gym.” (P08, age 31)

“I think just in general how to use the equipment and, like,
again safety and then what makes it effective, these sort of
things.” (P19, age 20)

“Maybe, like, some more information on, like, proper form
and stuff like that.” (P31, age 19)

Exercise
progression

“Well, so I'm doing Pilates, but then I'm also doing yoga as
well, so I think ['ve been setting myself, like, strength goals,
like how long can I hold this pose, or can I work up to this?
And I think having that marker of progress makes me more
motivated to keep going or to...I know I need to get stronger
core strength or stronger mobility to be able to do different
things.” (P14, age 24)

“Especially with the resistance bands. 1 feel like once you're
at the top one, what do you do then?” (P31, age 19)
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5.6.3.6 Ratings of Knowledge and Satisfaction

Participants’ ratings of knowledge and satisfaction are presented descriptively. Participants
were asked to rate their knowledge of MSE on a scale of one to five (1= poor, 5 = excellent).
The mean knowledge rating was 2.6 + 0.7 at baseline and 4.2 + 0.3 at 24 weeks. When asked
about their overall satisfaction with the study on a scale of one to five (1= extremely

dissatisfied, 5 = extremely satisfied), with a mean rating of 4.7 + 0.4.

5.6.4 Potential Effectiveness of the Co-Designed Intervention

5.6.4.1 Changes in body composition

Changes in body composition across four measurement points are presented in Table 5.10.
For bodyweight, the repeated measure ANOVA revealed a significant effect of time (p =
0.01) but no significant interaction between time and group (p = 0.837). The post-hoc paired
t-tests showed a significant decrease in bodyweight in the intervention group (-1.41 kg, -
2.21%, p = 0.022) but not the control group (-0.98 kg, -1.35%, p = 0.184) from baseline to
week 12. There were no significant changes in either group from baseline to week 24 (control

group: -1.04 kg, -1.44%, p =0.859; intervention: -1.36 kg, -2.13%, p = 0.414).

The repeated-measure ANOVA also revealed a significant effect of time (p = 0.008) but no
significant interaction between time and group (p = 0.849) for body mass index. The post-
hoc paired t-tests showed a significant decrease in body mass index in the intervention group
(-0.54 kg/m?, -2.25%, p = 0.016) but not for the control group (-0.36 kg/m?, -1.39%, p =
0.188) from baseline to week 12. There was no significant change in either group from
baseline to week 24 (control group: -0.37 kg/m?, -1.42%, p = 0.953; intervention: -0.52
kg/m?, -2.17%, p = 0.324).

For body fat percentage, there was a significant effect of time (p <.001), with no significant
interaction between time and group (p = 0.91). The post-hoc paired t-tests showed a
significant decrease in body fat percentages in both groups. When comparing body fat
percentages from baseline to week 12, the control group showed a reduction of 2.31% (-
6.92%, p <.001) and the intervention group showed a reduction of 2.11% (-6.82%, p <.001).
From baseline to week 24, the control group showed a reduction of 1.99% (-5.96%, p =
0.007), and the intervention group showed a reduction of 2.14% (-6.92%, p = 0.004).
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The analysis of fat-free mass revealed a significant effect of time (p = 0.015) but no

significant interaction between time and group (p = 0.485). The post-hoc paired t-tests
showed a significant increase in fat-free mass in the control group (+1.14 kg, +2.44%, p =
0.018) but not for the intervention group (+0.37 kg, +0.85%, p = 1.000) from baseline to
week 12. There was no significant difference in either group from baseline to week 24

(control group: +0.82 kg, +1.76%, p = 0.171; intervention: +0.51 kg, +1.17%, p = 1.000).

Lastly, the analysis of vastus lateralis muscle thickness revealed a significant effect of time
(p = 0.028) but no significant interaction between time and group (p = 0.418). No significant
changes were seen in the post-hoc paired t-test from baseline to week 12 (control group:
+0.56 mm, +2.40%, p = 0.492; intervention: +0.86 mm, +3.64%, p = 0.054) or from baseline
to week 24 (control group: +0.36 mm, +1.54%, p = 1.000; intervention: +0.19 mm, +0.80%,
p =1.000).



Table 5.10: Changes in body composition across four time points according to group.
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Control (n = 16)

Intervention (n = 15)

-value
. . 212-week b24-week 212-week b24-week | p-value p-v
. t *
Outcome  Timepoint Mean £SD change change Mean £SD change change (time) é:(l:l;)
95%CI)  (95%CI) 95%CI)  (95%CI)
Height (cm) 166.51 £ 6.28 i i 16327 £ 591 i i i i
Bascline | 72.44 = 18.14 63.85 + 8.20
Mid-
Bodyweight Intervention | /00 £ 1764 98 200, -1.04(-3.01,| 6322814 41267, -135(-3.38, ooto | og37
(kg) Post = | 7146417.72 0.24) 0.92) 62.44 + 8.28 0.14) 0.68)
Intervention
Follow-Up | 71.40 = 17.66 62.49 + 6.95
Baseline 25.98 +£5.89 23.99 +3.46
Mid-
ﬁ%‘i{( Mass | tervention | 228 E3 7 0361080, -036(-1.07,| > EIM 053099, 052 (-1.25, 0008 | o840
(kg/m?) iftztwenﬁon 25.62 +5.85 0.09) 0.33) 23.45+ 337 -0.07) 0.21)
Follow-Up | 25.61 +5.80 2347 +2.95
Baseline 33.40 £ 9.66 30.93 £ 6.22
Mid-
E‘Ody Ftat Intervention | > ©80 231330, -1.99 (354, | P EO 541303, 214375, _ i | oo
CTCCNTAZES  pogt -1.23) -0.43) -1.00) -0.53) ' '
(%) Lo i | 31.09+9.25 28.82 + 6.33
Follow-Up | 31.41+9.38 28.79 + 5.71
Baseline 46.72 £ 5.48 43.65 +£2.35 0.015 0.485
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}\ﬁtlgljvenﬁon 47.18 + 5.50 43.97 + 2.50
FatFree  poo 1.14 (0.14,  0.82(-0.19, 0.37 (-0.65, 0.51 (-0.52,
Mass (ke)  poroonion | 47:86%621 2.13) 1.82) 44.02 +2.78 1.40) 1.55)
Follow-Up | 47.54+5.89 44.16+2.22
Baseline 23.37+3.71 23.62+3.21
Vastus Mid-
Lateralis | o vention | 23395330 55032, 035(-090, | 2441 %338 96001, 0.19(-1.07,
Muscle nter ) Ton Lo L 0.028 | 0418
Thickness 08 . 23.93 +3.48 ' ' 24.48 + 4.05 ' '
(mm) Intervention
Follow-Up | 23.73+3.53 23.81+2.54

a. Mean changes baseline to 12 weeks
b. Mean changes from baseline to 24 weeks.
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5.6.4.2 Changes in Muscular Strength

Handgrip strength data across the 24-week study period are presented in Figure
5.5. No significant effect of time (p = 0.118) or time*group interactions (p =
0.628) was noted.

Grip Strength Across 24 Weeks Intervention
+0.5% +5.1%

m Baseline
u Mid-Intervention
u Post-Intervention

Follow-Up

Estimated Marginal Mean (kg)

Control Intervention

Group
Error bars: 95%CI

Figure 5.5: Handgrip strength at baseline, mid-intervention (week 6),
post-intervention (week 12) and follow-up (week 24) in the control and
intervention group. Data are presented as mean (95%CI).

Back strength data across the 24-week study period are presented in Figure 5.6.
The repeated-measure ANOVA revealed a significant effect of time (p = 0.039),
but no significant time*group interaction was found (p = 0.424). The post-hoc
paired t-tests showed a significant increase in back strength in the intervention
group (+9.8 kg, +14.11%, p = 0.011) but not in the control group (+3 kg, +4.12%,
p = 1.000) from baseline to week 12. There was no significant change in either
group from baseline to week 24 (control group: +2.94 kg, +4.04%, p =1.000;
intervention: +8.93 kg, +12.85%, p = 0.197).
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Back Strength Across 24 Weeks Intervention
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Figure 5.6: Back strength at baseline, mid-intervention (week 6), post-
intervention (week 12) and follow-up (week 24) in the control and
intervention group. Data are presented as mean (95%CI). * Denotes
significant changes from baseline to post-intervention for the
intervention group in the post-hoc t-test with Bonferroni correction (p
<.05).

Knee extensor maximal isometric torque data across the 24-week study period
are presented in Figure 5.7. The analysis torque revealed a significant effect of
time (p <.001) but no significant interaction between time and group (p = 0.072).
No significant changes were seen in the post-hoc paired t-test from baseline to
week 12 (control group: -0.52 Nm, -0.35%, p = 1.000; intervention: +10.89 Nm,
+8.07%, p = 0.381) or from baseline to week 24 (control group: +0.85 Nm,
+0.58%, p = 1.000; intervention: +15.42 Nm, +11.42%, p = 0.051).
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Knee Extensor Maximal Isometric Torque Across 24 Weeks Intervention
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Figure 5.7: Knee extensor maximal isometric torque at baseline, mid-
intervention (week 6), post-intervention (week 12) and follow-up (week
24) in the control and intervention group. Data are presented as mean
(95%CI).

5.7 DISCUSSION
5.7.1 Principal Findings

The current chapter aimed to assess the feasibility and acceptability of a co-
designed MSE intervention for women and to investigate its potential
effectiveness on body composition and muscular strength. Participants found
the intervention to be feasible, as demonstrated by the successful recruitment of
34 participants (100%) and a 91% retention rate during the 24-week study.
Acceptability of the five intervention components varied, with trends indicating
that the strength education sessions (with an attendance rate of 80-87% over
four weeks) and access to various modalities were highly acceptable. In contrast,
the optional group exercise sessions and online support group need further
improvement. While a significant effect of time was observed, there is no
significant interaction between time and group on any outcomes, and with the
relatively low sample size, the conclusions drawn are tentative. Data show that
the intervention group, but not the control group, experienced statistically

significant improvements in body weight, body mass index, and back strength
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from baseline to the post-intervention period. Other measures, such as vastus
lateralis muscle thickness, grip strength, and knee extensor maximal isometric
torque, showed trends toward improvement in the intervention group, though
these did not reach statistical significance. These findings suggest that the co-
designed intervention was feasible, acceptable, and may support improvements
in body composition and muscular strength among women who previously did
not participate in MSE, although further work with a larger sample size and

longer study duration is needed, as no interaction effects were observed.

The co-designed intervention was found to be feasible, as shown by the
successful recruitment and retention of participants. The paid advertising greatly
helped with the recruitment of participants within the short one-month
recruitment window. Recruitment reached the target sample size of 34
participants, and the study achieved a 91% retention rate. The retention rate for
this current study is higher than other retention rates for physical activity
interventions for women, including those involving cancer survivors. In a 12-
week culturally tailored physical activity intervention by El Masri et al. (2021)
on 22 Arab-Australian women, a 68% retention rate was reported. A 24-week
physical activity intervention (ACCEPTANCE study) involving 30 cervical
cancer survivors, with a similar study duration and several comparable
intervention components, such as education sessions, diary entries, and online
social interaction, reported a 77% retention rate (Millet et al., 2025). The
Fit2Thrive study, involving a remotely delivered mobile health moderate to
vigorous physical activity promotion study among 269 breast cancer survivors,
reported a slightly higher retention rate of 94% at 12 weeks (Solk et al., 2025).
The high retention rate in the current study may be attributed to the voucher
offered upon completion of each lab visit, and the women recruited in this study
may be more conscious of their health. Overall, the current study, which

involved a co-designed MSE intervention, was highly feasible.

The acceptability of the intervention components varied with the education

sessions, and access to various modalities was rated as highly acceptable. The
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online support group and logging the training required further improvement.
Similar findings were observed in the ACCEPTANCE study, which involved
cancer survivors, despite differences in population characteristics with the
current study focusing on healthy adults (Millet et al., 2025). The
ACCEPTANCE study achieved a 100% attendance rate for its virtual
intervention launch and education sessions (Millet et al., 2025), whereas the
current study's attendance ranged from 80% to 87% over the four weeks of
strength education sessions. The initial education session was crucial in both
studies for increasing knowledge about the activities, discussing challenges and
facilitators, and learning BCT (Millet et al., 2022). While the ACCEPTANCE
study had a higher attendance rate for the coaching session (70%), as
participants found it motivating and a chance for self-reflection (Millet et al.,
2025), the group exercise sessions in the current study were optional, leading to
lower participation due to scheduling conflicts. The ACCEPTANCE study also
reported other similar issues to the current study, indicating that the online
messaging group (the online support group in the current study) and diary
(logging training in the current study) required further modification (Millet et
al., 2025). Overall, these findings highlight the importance of educational
sessions and access to various modalities, such as group exercise or resistance

bands, in encouraging exercise participation among women.

The high feasibility and acceptability of the co-designed intervention suggest
that participants in the current study were engaged with the intervention, as
reflected in the preliminary findings on muscular strength. Although no
significant between-group differences in muscular strength were observed over
the study period, within-group analysis showed positive changes in the
intervention group. Participants in the intervention group engaged in different
types of MSE based on their preferences, and trends towards improvement in
muscular strength were observed. Although these findings should be interpreted
cautiously, they suggest that a variety of MSE modalities may have the potential
to support strength development. In the current study, weight machines and free
weights were the most frequently performed modalities, with an average of 98

and 102 sets completed, respectively. Previous studies have shown that the
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strength gain effects from traditional MSE, such as weight machines and free
weights, were often the largest. For example, in the network meta-analysis of
102 trials by Wiedenmann et al. (2025) on the effect of different resistance
training modalities on muscle strength among older adults, it is reported that the
largest effect for strength development was elicited from machine-based (SMD
1.34), followed by free weights (SMD 1.15), resistance bands (SMD 0.93),
mixed (SMD 0.88) and bodyweight exercises (SMD 0.71). A systematic review
and meta-analysis of 7 studies by Lopes et al. (2019) reported that similar
strength gains can be achieved through resistance band training, which is
comparable to training with machine-based and free weights. While different
types of MSE contributed to muscular strength development, the flexibility (i.e.,
type, location, and timing) offered in the co-designed intervention likely
enhanced adherence and engagement with MSE, as participants could choose
the exercises they enjoyed. These findings suggest that a variety of accessible,

preference-based MSE may support strength gains among women.

Similar to muscular strength, no significant between-group differences in body
composition were observed over the study period. Within-group analysis
showed reductions in body weight and body fat percentage in the intervention
group, with comparable trends observed in the control group, suggesting that
these changes cannot be attributed solely to the intervention. Changes in fat-free
mass were minimal in both groups. Previous research demonstrated that MSE
can reduce body fat and increase lean mass, particularly when the program
involves sufficient training volume and longer duration (Wewege et al., 2022,
Lopez et al., 2022). For example, a systematic review and meta-analysis of 54
studies by Wewege et al. (2022) reported that resistance training, averaging 20.5
weeks and 2.7 sessions per week, reduced body fat percentages by 1.4%.
Similarly, a meta-analysis of 116 studies by Lopez et al. (2022) observed a
significant increase in lean mass following resistance-based exercises across an
average intervention duration of 14.6 weeks, with frequency ranging from one
to five sessions per week. The absence of significant between-group effects in
the present study may therefore reflect the relatively short intervention duration,

flexible participation in MSE and limited statistical power. Nevertheless, the
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observed within-group changes in the intervention group suggest that flexible
participation in MSE may help support maintenance of lean mass and modest
reduction in body fat among women although these findings require further

testing in fully powered trial.

The absence of significant between-group effects in body composition and
muscular strength may reflect insufficient exercise dose. In the current study,
participants in the intervention group were encouraged to perform MSE of their
choices for two or more days a week, and the training volume was not
standardised. Consequently, physiological adaptations were likely dependent on
individual engagement and total exposure to MSE. Previous research has
demonstrated that higher training volumes generally lead to better hypertrophic
adaptations (Schoenfeld et al., 2017). In a 12-week randomised parallel-group
repeated-measures study on the effect of weekly set progression, Enes et al.
(2025) reported that a progressive increase of 2 and 4 weekly sets every two
weeks can yield greater improvements in muscular strength and muscle cross-
sectional area. Furthermore, the relatively short active intervention period (12
weeks of active intervention with follow-up at 24 weeks) may also have limited
the magnitude of detectable changes. However, it is important to note that the
participants engaged with the co-designed intervention and reported
participation in MSE throughout the study, suggesting its potential value as a

behavioural entry point even when the physiological changes were modest.

5.7.2 Potential Intervention Improvement and Future Research

The feasibility, acceptability, and potential effectiveness explored in this chapter
have revealed various ways to improve the co-designed intervention. The study
highlights the importance of a more flexible and personalised physical activity
intervention approach, allowing participants to tailor exercise preferences,
location and timing while maintaining predefined activity targets. With each

intervention component, several suggestions for improvement were made.
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The strength education sessions and access to various modalities were received
positively as a means of helping women participate in MSE. These sessions
were seen as essential and should be expanded to include more topics on
exercise techniques, nutrition, and training throughout the menstrual cycle and
at different stages of life, such as pregnancy, postpartum, perimenopause, and
menopause. The modalities given in the current study (resistance bands and gym
membership) were helpful in getting women started in MSE, as they gave them
an option, but they should be accompanied by further information on using the
equipment and how to progress. These should be added as part of the education

session topics.

While a training log is helpful, further refinement is needed, such as a digital or
online format, likely to enhance the practicality for both participants and
researchers, including during the follow-up period. Having an application-based
training log would allow training to be logged in real time. Additional features,
such as a progress monitor (e.g., percentage of improvement, physical and
performance feedback), and a notification reminder if the user has not achieved
at least two days a week of MSE, could also be added. Adding a leaderboard-
like feature to the application that provides a score (e.g., experience points)
based on their performance could enhance motivation to exercise and foster a

sense of community.

The online support group and optional group exercise sessions were the
intervention components that needed the most improvement. As the online
support group was mainly researcher-led, future intervention could convert this
component into access to an expert. This component could be used for
participants to discuss any concerns they have, ask for guidance and
suggestions, and for the researcher or appointed expert (e.g., a personal trainer)
to share information such as an exercise plan, exercise videos, or the latest
evidence on MSE. While the online support group had limited interactions
among participants, future interventions could restore bi-weekly or monthly in-
person meetings, with several group activities planned during each meeting. In-
person meetings may help participants form meaningful friendships and

establish a stronger community, which would then encourage communication
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among participants. Although the group exercise sessions were optional,
attendance could be improved by increasing the frequency and locations offered.
Future interventions could consider joint collaboration with trainers at local
gyms, fitness centres, and community centres to allow for more sessions and

greater accessibility for participants.

Given the observed potential effectiveness, future research should evaluate this
intervention across a broader age range, particularly among women over 45
years, including those who are menopausal or retired, as preferences and life
contexts may differ. Extending the duration of both the intervention and follow-
up period may help determine sustained engagement in MSE. Future studies
should also explore how progressive overload can be implemented within a
flexible co-design intervention, while monitoring other physical activity
behaviours to better isolate the intervention effects. Expanding the outcome
measures to include muscular endurance, such as a 30-second sit-to-stand test,
would be beneficial for measuring other changes in muscle adaptations. While
the current study uses qualitative outcomes from interviews on participants’
perceptions of intervention components, future studies should consider a mixed-
methods approach including quantitative measures, such as surveys or questions
on participants’ own numerical ratings, which would provide a more
comparable interpretation between participants. Future studies could also

explore the effect of the co-design intervention on mental health outcomes.

5.7.3 Strengths and Limitations

The strengths of this current study include the utilisation of a randomised
controlled trial design and the co-design of the intervention with the target
group, who responded to their needs. With the education sessions provided and
access to various modalities given as part of the intervention, the intervention
was designed to address common participation challenges, such as perceived
time constraints and a lack of confidence in ability and knowledge. Participants
in this study were not required to be entirely inactive to be eligible. While this
may have influenced the outcomes based on their pre-existing activity levels,

such as participation in other types of physical activity, it also enhances the
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external validity of the findings, making them more generalisable and applicable
in real-world settings. The flexibility and more personalised approach to the
intervention have also led to better adherence to the study. However, this current
study has several limitations. First, the current study is a pilot study with a small
sample size and was not powered to detect between-group differences in study
outcomes. Secondly. The assessment of functional outcomes was limited as the
current study focused primarily on measures of muscular strength, with no direct
assessment of broader functional performance. Additionally, the age range of
participants (18 to 45 years old) limits the generalisability of findings to women
in the older age group, especially those in the menopausal stage. Finally, the
absence of training records from week 13 to week 24 makes it harder to be

certain of the participation rate after the post-intervention visit.

5.8 CONCLUSION

In conclusion, this pilot randomised controlled trial found that a 12-week co-
designed MSE intervention, with a 24-week follow-up, is feasible and
acceptable among women who had not previously met the muscle-strengthening
guidelines. Education sessions and access to various modalities, such as gym
memberships and resistance bands, were highly favourable and considered
crucial to helping women participate. Although changes in body composition
and muscular strength outcomes were small and not consistently statistically
significant, the findings suggest that a flexible, preference-based, co-designed
approach may support women’s engagement in MSE. Overall, these results
highlight the potential of a co-designed intervention as a practical and adaptable
strategy that may support women’s participation in MSE. Future research should
include a broader age range, a longer duration, progressive overload, and an
exploration of nutritional aspects to determine how the co-designed intervention

influences changes in body composition and muscular strength.
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CHAPTER 6 - THEORY MAPPING

6.1 INTRODUCTION

When creating an intervention to change a behaviour, it is widely recommended
to be grounded in a theoretical framework (Michie et al., 2008, Skivington et
al.,2021). In this PhD work, the initial studies were exploratory and not intended
to support intervention development. Rather, the earlier work (Chapter 2) was
exploratory, and it was only after the completion and analysis of the survey that
the research focus evolved towards improving women’s participation in MSE.
Consequently, theory mapping was undertaken retrospectively. The
retrospective mapping was undertaken to enhance understanding of the
behavioural mechanism underpinning the intervention and to strengthen its
theoretical transparency. While the intervention was developed through
sequential mixed-methods and co-design approaches, linking its components to
behaviour change theory provides a clearer explanation of how it is expected to
influence behaviour and facilitate future refinement and evaluation (Michie et
al., 2018). This approach is consistent with the recommendations from the MRC
framework, which emphasises the importance of understanding mechanisms of

action within complex interventions (Skivington et al., 2021).

In the next section, the co-designed intervention is synthesised with the COM-
B model Michie et al. (2011) and the BCTs Taxonomy by Michie et al. (2015)
to show how it was linked to multiple mechanisms that support MSE behaviour.
The COM-B model is a behaviour change framework by Michie et al. (2011)
that highlights three key elements for understanding a behaviour. The elements
are: (1) Capability: the physical and psychological ability to adopt the intended
behaviour, (2) Opportunity: the physical and social factors that make intended
behaviour possible or prompt it, and (3) Motivation: the reflective and automatic
processes that energise and direct the intended behaviour (Michie et al., 2011).
BCTs are evidence-based methods designed to change behaviour, allowing for

observation and replicability in intervention design (Michie et al., 2015).
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Several behaviour theories could have been considered, such as Social
Cognitive Theory (Bandura, 1986) and Self-Determination Theory (Ryan and
Deci, 2000). However, the COM-B model was selected because it provides a
comprehensive yet pragmatic framework that integrates individual capability,
environmental opportunities and motivational influences on behaviour. This was
particularly relevant given the findings from Chapters 3 and 4, which identified
barriers and facilitators that touched all three domains. Furthermore, the COM-
B provides a direct link to the BCTs Taxonomy, allowing the intervention
components to be systematically mapped to potential mechanism of action.
Therefore, this chapter aims to retrospectively map the co-designed intervention
components to the COM-B model and BCT Taxonomy to enhance theoretical

transparency.

6.2 INTEGRATION OF COM-B MODEL AND BCTs TAXONOMY IN
THE CO-DESIGNED INTERVENTION

Given the complexity of MSE behaviour, analysing the co-designed intervention
through behaviour science frameworks can help clarify how and why the
intervention is expected to change behaviour. To synthesise the development
and implementation of the intervention, Table 6.1 outlines how each component
of the co-designed intervention aligned with the COM-B model (Michie et al.,
2011) and the BCTs Taxonomy (Michie et al., 2013), and how these elements
were informed and shaped through the co-design process. This integration
illustrates what is required for behaviour change to occur (COM-B) and the
mechanisms through which it can occur (BCTs). It shows how these theoretical

components were operationalised within the participatory approach (co-design).

6.2.1 Strength Education Session

The strength education sessions were designed to address the key barriers
reported in Chapters 3 and 4, particularly women’s lack of knowledge and
confidence in their abilities, time constraints, and misconceptions about MSE.

The co-design workshop highlighted what women need to improve their
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knowledge and self-efficacy, which shaped the session content and delivery.
This component primarily targeted capability (both physical and psychological)
by improving knowledge and understanding of techniques, and reflective
motivation by strengthening beliefs about the benefits and relevance of MSE.
Several BCTs were operationalised in this component. Instruction on how to
perform the behaviour (BCT 4.1) and information about health consequences
(BCT 5.1) supported the psychological capability, whereas demonstration of
behaviour (BCT 6.1) enhanced physical capability through skill acquisition and
development. Credible sources (BCT 9.1) were employed by having a trained
researcher (NR) deliver the sessions. Elements of self-regulation to help women
initiate MSE were incorporated through goal setting (behaviour) (BCT 1.1), goal
setting outcome (BCT 1.3), problem solving (BCT 1.2) and action planning
(BCT 1.4). These techniques were included in the education session booklet.
These BCTs were intended to support reflective motivation by helping women
identify barriers, plan MSE according to their schedules and routines, and clarify
their goals. Together, these inclusions were expected to increase women’s
knowledge and confidence in their ability to perform MSE and support the

initiation of behaviour change.



Table 6.1: Integration of COM-B and BCTs Taxonomy in the co-designed intervention.
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Intervention COM-B Domain Targeted Key BCTs (v1 codes) Co-Design Contribution
Component (Michie et al., 2011) (Michie et al., 2013)
Strength Capability — physical (skills (1.1) Goal setting (behaviour) Participants highlighted the need for
Education acquisition and development) and | (1.2) Problem solving education session at the start of the
Session psychological (knowledge about (1.3) Goal setting (outcome) intervention and discussed the
exercise benefits and techniques), | (1.4) Action planning information and skills they think is
Motivation — reflective (belief (4.1) Instruction on how to perform a needed to help women'’s participation
about the importance of MSE, behaviour in MSE.
intention formation) (6.1) Demonstration of the behaviour
(5.1) Information about health
consequences.
(9.1) Credible sources
Optional Capability — physical (practical (4.1) Instruction on how to perform a Participants highlighted the need for
Group skills development) and behaviour non-intimidating, women-only
Exercise psychological (knowledge on (6.1) Demonstration of behaviour exercise session or class as this would
Session performing the exercises) (8.1) Behavioural practice/rehearsal help to overcome the fear of being

Opportunity — social (social
influence, modelling, guided
support)

Motivation — reflective (plans and
commitment for exercising) and
automatic (enjoyment, social
reinforcement)

watched and lack of confidence in
abilities.
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Online Support
Group

Opportunity — social (peers/social
influence)

Motivation — reflective
(encouragement that reinforces
commitment and intentions to do
MSE) and automatic (emotional
support, affective reinforcement).

(3.1) Social support (unspecified)
(6.2) Social comparison
(7.1) Prompts/cues

Participants identified the need for
accountability buddy or coach and
sense of community to motivate
women to do MSE.

affordability)

Motivation — reflective (supports
intention to do MSE)

Logging the Capability — psychological (self~ | (2.6) Biofeedback Participants suggested that having a

Training monitoring skills and awareness (2.3) Self-monitoring of behaviour log to track the exercise could help to
building) (7.1) Prompts/cue reinforce consistency, act as
Motivation — reflective (self- reminders and visual progress of
regulation, feedback and tracking MSE. Training log in the finalised
progress) and automatic (habits intervention include section on
formation cues, satisfaction after reflection and goal setting for the
completion of exercise) following week.

Access to Capability — physical (only when | (12.1) Restructuring the physical Participants highlighted the need for

Various guidance/instruction included) environment various modalities (i.e., affordable

Modalities Opportunity - physical (access, (12.5) Adding objects to environment gym membership, other exercise

modality such as resistance bands) to
allow women to choose the exercises
they enjoyed and aligned with their
live experience.

BCTs = Behaviour Change Techniques; MSE = muscle-strengthening exercises
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6.2.2 Optional Group Exercise Session

The optional group exercise sessions were designed to address barriers related to cultural
stigma and societal perceptions, fear of being watched, and a lack of confidence in abilities.
While this was the least well-performed component of the co-designed intervention, some
participants still found it helpful in building their confidence and providing proper guidance
for exercise. Capability (both physical and psychological) is developed through knowledge
and skill development. Exercising in a group setting with guided support allows for social
Opportunity to take place. Motivation (both reflective and automatic) was targeted through
planning to attend the session and social reinforcement. Several BCTs were employed in this
component. Instruction on how to perform a behaviour (BCT 4.1), demonstration of the
behaviour (BCT 6.1), and behavioural practice/rehearsal (BCT 8.1) were all used to target
physical and psychological capability, social opportunity, and automatic motivation. This
intervention component, although not fully utilised during the pilot testing, was expected to
increase physical and psychological capability by providing a supervised, structured exercise
and enhancing social opportunities through group participation. Observing others and
receiving guidance were anticipated to reduce exercise anxiety and strengthen the automatic

motivation as a result of increased confidence and comfort in doing MSE.

6.2.3 Online Support Group

The online support group was designed to facilitate communication with the researcher and
social interaction among participants. It emerged from the co-designed workshop, where
women expressed a need for encouragement, peers, and support. This component was
created to target the social opportunity through social influence, a sense of community, and
motivation (both reflective and automatic) driven by reinforcement, ongoing encouragement
by the researcher and a sense of social presence within the group. Several BCTs were
operationalised in this component. Although peer interactions did not fully develop, the
group functioned primarily as a weekly reminder. Social support (unspecified) (BCT 3.1)
and social comparison (BCT 6.2) were utilised through weekly polls, in which participants
voted for the sessions they had completed. Prompts/cues (7.1) were delivered through the
reminders to submit the training log to the researcher and reminders to exercise. Together,
the weekly prompt and exposure to peers’ MSE participation were expected to strengthen
reflective motivation by sustaining the intention to perform MSE, reinforcing exercise

planning and creating accountability.
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6.2.4 Logging the Training

The insights from the co-design workshop regarding the need to track progress, remain
consistent, act as reminders, and offer visual progress. This component targets psychological
capability through self-monitoring skills and reflective motivation by reinforcing behaviour,
self-regulation and tracking progress. Automatic motivation was supported by habit
formation and a sense of satisfaction upon completing exercise. Several BCTs were
employed in this component. Self-monitoring of behaviour (BCT 2.3) was the core technique
participants used to monitor their exercise participation and progress. Recording the training
also served as a prompt/cue (BCT 7.1) that helped to establish a behavioural routine. Logging
the training done was complemented by biofeedback (BCT 2.6) during lab visits, where
participants received feedback on their improvement and performance. This reinforced their
sense of progress, thereby strengthening their reflective motivation and supporting continued
participation in MSE. Together, the self-monitoring aspect was expected to reinforce
reflective motivation by increasing participants' awareness of their progress and consistency
with their MSE participation. Logging the training served as a behavioural cue, reinforcing
the automatic motivation to include MSE in the participants’ routine. The biofeedback
received during lab visits provided evidence of improvements, which were expected to

enhance the motivation to continue participating in MSE.

6.2.5 Access to Various Modalities

Access to various modalities (gym memberships and resistance bands) emerged from the co-
design workshop, where participants discussed the importance of having more affordable
options, such as cheaper modalities and gym memberships. Providing these modalities
primarily targeted the physical opportunity to perform MSE by removing barriers related to
cost, access, and equipment availability. When instruction on performing the exercises was
provided during the strength education and optional group exercise sessions, this supported
physical capability. The flexibility in choosing the MSE types, exercise location and time
further influenced the reflective motivation by making MSE more feasible and aligned with
individual life experiences. Key BCTs employed for this component were restructuring the
physical environment (BCT 12.1), operationalised by enabling access to the gym space and
adding objects to the environment (BCT 12.5), operationalised through the provision of

resistance bands. Together, they helped reduce financial barriers, thereby increasing the



151
physical opportunity to engage in MSE. The offered modalities allowed participants to

practice various types of MSE, strengthening their physical capabilities. The flexibility in
choosing MSE types, location, and time was anticipated to enhance the reflective motivation

by making MSE more feasible, acceptable and accessible.

Overall, the synthesis of these components showed how a co-designed intervention was
linked to multiple mechanisms that support MSE behaviour. Each intervention component
targeted a different configuration of capability, opportunity, and motivation and utilised
BCTs suitable for those mechanisms. These intervention components formed a coherent
behavioural system that could support the initiation of MSE behaviour, as participants were
equipped with knowledge, supported and enabled to participate. This layered relationship
highlighted the complexity of MSE behaviour and underscores the importance of co-design

in shaping interventions that are feasible, acceptable and theoretically grounded.

While the intervention was not originally developed using a theory-led approach,
retrospective COM-B and BCTs mapping enhance the conceptual clarity of the intervention,
identified plausible mechanism of action, and provides a theoretical foundation for future

optimisation and evaluation.
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CHAPTER 7 - GENERAL DISCUSSION

7.1 INTRODUCTION

The 2019 UK physical activity guidelines recommend that adults engage in muscle-
strengthening activities for two or more days a week, targeting the major muscle groups
(Department of Health and Social Care, 2019). However, less than 35% of adults in the UK
meet these guidelines, with even lower participation among women (Deakin et al., 2024a,
Health Survey for England, 2023). Given the unique barriers to participation in MSE among
women, it is essential to identify ways to increase women's involvement in MSE that are
contextually relevant to their lived experiences. The gaps highlight three key areas requiring

further investigation, which were:

e What activities are adults in the UK currently participating in to meet the muscle-
strengthening guidelines?

e How do women who meet and do not meet these guidelines experience MSE?

e How can interventions be developed collaboratively with women to ensure they are

acceptable, feasible, and aligned with their experiences?
Over four sequential studies, this thesis aimed to:

e Chapter 2: (1) To identify the types, frequency, intensity, and duration of activities
adults participated in to meet the UK government’s muscle-strengthening activities
recommendations, and (2) to examine whether there are any differences between the
sexes.

e Chapter 3: (1) To explore the barriers and facilitators to participation in MSE among
women aged 18 to 64 who are currently meeting the muscle-strengthening guidelines,
and (2) to identify strategies to improve involvement in these activities.

e Chapter 4: (1) To explore the barriers and potential facilitators to participation in MSE
among women who did not meet the muscle-strengthening activities guidelines, and (2)
to co-design a MSE intervention to assist women’s participation.

e Chapter 5: (1) To assess the feasibility and acceptability of a co-designed MSE
intervention for women, and (2) to investigate the effectiveness of the co-designed MSE
intervention on body composition and muscular strength.

e Chapter 6: To retrospectively map the co-designed intervention components to the

COM-B model and BCT Taxonomy to enhance theoretical transparency.
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7.2 SUMMARY OF KEY FINDINGS

The infographic of the key findings is provided in Appendix 7 and has been used to
communicate research findings to participants and wider audiences through social media.
Chapter 2 presented adherence to muscle-strengthening guidelines based on the 2019 UK
Physical Activity Guidelines among adults aged 18 to 64 years in the UK, for both MSE and
daily living activities. Although the data did not represent the general population, this study
provides data on the daily living muscle-strengthening activities listed in the physical
activity guideline that were not captured by the national surveillance. 76% of participants
self-reported meeting the guidelines, and among those who self-reported not meeting the
guidelines, 95% met the two or more days a week recommendation, with the majority
meeting this recommendation when daily living muscle-strengthening activities, such as
carrying a shopping bag and climbing stairs, were included. In agreement with previous
national surveillance, women in both groups reported doing fewer MSE and daily living
muscle-strengthening activities than men. Sex differences were also seen in the types of
MSE:s participated in, where women were less likely to participate in the traditional MSE
(i.e., weight machines or resistance) and were more inclined to participate in holistic
exercises such as yoga and Pilates. The findings of Chapter 2 strengthened the rationale of
refining the subsequent studies to focus on women and identify ways to improve women’s

participation in MSE.

Chapters 3 and 4 explored the barriers and facilitators to MSE participation among women
who met and did not meet the muscle-strengthening guidelines, through follow-up
interviews (Chapter 3) and co-design workshops (Chapter 4). Similar barriers and facilitators
were identified in both groups of women. Main barriers include time constraint, lack of
knowledge and ability, accessibility (cost, equipment and space availabilities) and cultural
stigma and societal perception of women not needing to do MSE and MSE being more male
dominated. Potential facilitators reported by women who did not meet muscle-strengthening
guidelines (Chapter 4) were also similar to those reported by women who met the guidelines,
including facilitators and strategies to improve women'’s participation in MSE (Chapter 3).
This includes scheduling and prioritising MSE, using resources such as instructor help or
exercise classes to increase knowledge and confidence, choosing exercises they enjoy, and

using women-only spaces, according to their schedule.
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Chapter 4 involved a co-design process to develop an intervention to help women participate

in MSE through two co-design workshops. The findings in Chapter 4 informed a programme
theory for MSE to summarise the mechanisms underlying changes in women’s MSE
behaviour. Three key elements were identified for inclusion in the co-designed intervention:
(1) education (strength education session), (2) social (online support group and optional
group exercise sessions), and (3) modalities (access to various modalities and logging the
training). The finalised intervention aimed to have participants complete any MSE of their
choice on two days a week, combined with several intervention components (strength
education session, online support group, optional group exercise sessions, access to various
modalities and logging the training), while also emphasising participants’ autonomy in

selecting the exercise logistics (type of MSE, timing, and location).

Chapter 5 evaluated the feasibility, acceptability, and effectiveness of the co-designed
intervention and indicative change on outcomes of body composition and muscular strength.
The intervention was feasible, achieved a 100% recruitment rate, and a 91% retention rate
over a 24-week study duration. Strength education sessions (80-87% attendance rate) and
access to various modalities (12-week gym membership and resistance bands) were rated as
highly acceptable for improving women’s participation in MSE. Logging training was
reported to be helpful, but it was suggested that the log be digitised to improve practicality
in recording and extracting data. While some find optional group exercise sessions and
online support groups helpful, they still need further refinement in their delivery. The co-
designed intervention showed potential improvement in body composition (body weight and
body mass index), and muscular strength (back strength) from baseline to post-intervention
in the intervention group, but there was no difference between the intervention and control.
Other measures (vastus lateralis muscle thickness, grip strength, and knee extensor isometric
torque) showed potential trends toward improvement following the intervention but no
significance. Whilst the individual data showed that participants in the intervention group
had potential improvements in body composition and muscular strength, this change was too
small to reach statistical significance, and as the sample size is small, the conclusions drawn

are tentative.

Chapter 6 involved retrospective mapping of the co-designed intervention to the COM-B

and BCTs taxonomy to enhance the theoretical transparency. This mapping showed that the
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key elements of the co-designed intervention involved education, social and modalities,

collectively addressing multiple behavioural determinants of women’s participation in MSE,
including capability, opportunity and motivation. When each intervention component was
linked to BCTs, it provided insight into the intervention’s underlying behavioural mechanism
and strengthened the conceptual understanding on how the co-designed intervention could

support MSE participation.

7.3 INTERPRETATION OF THE FINDINGS

This PhD thesis has added new insights into women’s participation in MSE. This thesis has
outlined the multifactorial influence on women’s engagement in MSE. In the first study
(Chapter 2), the work extends understanding of adults’ adherence to the UK muscle-
strengthening guidelines (Health Survey for England, 2023, Deakin et al., 2024a), with new
insights into how adherence differs when daily living activities such as stair climbing and
carrying shopping bags are taken into account. This finding is important because it highlights
inconsistencies between what is considered a muscle-strengthening activity in the national
surveillance and in the physical activity guidelines. Notably, the observed sex differences in
the activity type suggest that women were more likely than men to meet the muscle-
strengthening activity guideline through holistic exercise and daily living activities at lower
intensities. While including these activities in national surveillance may improve
participation in muscle-strengthening behaviours, there is still limited evidence regarding
whether daily living activities provide sufficient training stimulus to develop muscular
strength. Therefore, future research is needed to determine whether daily living activity
produce meaningful strength adaptation to justify their inclusion within the muscle-
strengthening guidelines. Taken together, these findings suggest that women may be more
likely to meet the muscle-strengthening through lifestyle-integrated and lower intensity
activities that support behavioural adherence but may not consistently provide sufficient

overload for physiological improvement.

The exploration of women’s barriers and facilitators in the second study (Chapter 3) was
consistent with prior literature that explores barriers and facilitators to women’s participation
in MSE (Vasudevan and Ford, 2022, Coen et al., 2018, Bopp et al., 2004). The current
research extends this work by moving beyond problem identification to the development and

preliminary evaluation of a tailored intervention to support women’s engagement in MSE.
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Importantly, strategies reported by women who already achieve 2 or more days a week of

MSE provide actionable insight that might be transferable to women who did not meet the
muscle-strengthening guidelines, highlighting the value of peer-informed approaches in the

intervention design.

Although previous MSE interventions targeting women have been reported and discussed in
Chapter 1 (Ashmead and Bocksnick, 2002, Arikawa et al., 2011, Seguin et al., 2012, Heiestad
et al., 2016, Prieto-Prieto et al., 2022), this PhD thesis addresses the limitation of the
inclusion of participants’ voices during the intervention development. In the third study
(Chapter 4), involving women in the co-design process produced an intervention perceived
as relevant, acceptable and aligned with their experiences, contributing to higher participants’
satisfaction, aligned with existing literature on participant-centred research (Durand et al.,
2014, Martin et al., 2005, Frank et al., 2014). The suggestions generated through the co-
designed process further refine the understanding of features that may enhance women’s
participation in MSE. The intervention components included were also aligned with previous
literature as what could help women to participate in MSE (Petrov Fieril et al., 2014, Luckin

et al., 2021, Hurley et al., 2018, Heiestad et al., 2016, Vasudevan and Ford, 2022).

In theory-driven intervention research, using a behavioural framework has been suggested
to enhance clarity and replicability, as demonstrated by the Cycle Nation study, which
utilised the 6SQuID model to guide the intervention development (Connell et al., 2022).
Although theory was not explicitly applied during the initial development of the co-designed
intervention, retrospective mapping to the COM-B model and BCTs taxonomy (Chapter 6)
showed strong alignment with key behavioural components such as capability, opportunity,
and motivation. This suggests that interventions developed through co-design, even without
formal theoretical guidance, may target relevant behaviour mechanisms. Other studies also
support the use of COM-B for behavioural change interventions. For example, a COM-B-
based lifestyle intervention in overweight and obese adolescents in Vietnam showed
improved outcomes related to metabolic syndrome (Nam et al., 2025). Similarly, a review
of physical activity interventions for individuals with stroke by Paterson et al. (2024) found
that interventions incorporating at least two COM-B elements were more likely to enhance

physical activity behaviour. However, evidence on the application of COM-B in
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interventions for MSE remains limited, highlighting the novel contribution of this post hoc

mapping approach.

In the fourth study (Chapter 5), the co-designed intervention demonstrated that flexible,
participant-centred approaches can successfully initiate women’s engagement in MSE, as
they prioritise autonomy and enjoyment. Adherence was high, with strong recruitment and
retention, indicating that the intervention was both acceptable and feasible for the
participants. While the study was not powered to detect statistically significant physiological
changes, the trends observed in body composition and muscular strength suggests promising
effects when participants engage consistently with the intervention. Importantly, the study
has offered new insights showing that the co-designed intervention acted as an important
behavioural entry point for women’s participation in MSE. Future studies should build on
this initial engagement and include adequate exercise dose and progression to observe

physiological changes (Schoenfeld et al., 2017, Enes et al., 2025).

The findings also have implications for the implementation of MSE beyond a research
setting. While the intervention is feasible in a real-world public health setting, it would
benefit from streamlining and strategic partnership to support scalability and sustainability.
The flexibility embedded within the intervention may support wider implementation, as
women were able to select the type of MSE, location and timing for their participation
according to their life circumstances. However, the real-world implementation would need
greater consideration of the workforce capacity, training needed, affordability, and access to

appropriate facilities and resources.

Among the intervention components, the strength education sessions are likely to be the
most easily transferable beyond the research setting. These sessions were highly utilised by
the participants and could be delivered in relatively low-cost settings such as community or
leisure centres, workplace settings or through healthcare referral pathways. In contrast,
access to various modalities, such as gym memberships and resistance bands, may pose
greater cost challenges. However, this could potentially be addressed through partnerships
with community organisations or subsidised access to facilities. Consistent with the
recommendations from the MRC framework for developing and evaluating complex

interventions (Skivington et al., 2021), future research should explore how the interventions
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can be embedded within existing systems while maintaining the flexibility and autonomy

valued by the participants.

This PhD thesis makes an original contribution by integrating evidence from survey data,
qualitative exploration, co-design approach, and a pilot feasibility RCT to demonstrate the
complex relationship between behavioural feasibility and physiological adequacy in
women’s participation in MSE. It contributes novel insights into how flexible and
preference-based approaches can successfully initiate engagement in MSE, while also
highlighting such approach may not consistently provide sufficient training dosage for
optimal physiological adaptation. Collectively, this PhD thesis extends the current literature
by highlighting the complex relationship between behavioural feasibility and physiological
adequacy in women’s participation in MSE. While preference-based and lifestyle-integrated
approaches may support the initiation of MSE, they may not consistently deliver sufficient
exercise dosage to improve physiological changes. Therefore, future promotion strategies
for women should adopt the staged approach by supporting behaviour initiation through

flexible and context-sensitive programming, then progress towards an adequate training dose.

Although the findings provide important insight into women’s participation in MSE,
consideration should also be given to women who remain disengaged from MSE and who
may not actively seek opportunities to participate. While Chapter 4 and 5 specifically
involved women who did not meet the MSE guidelines, participants who volunteered for the
co-design workshops and the intervention testing may still have been more receptive to
behaviour change than the wider population. Consequently, additional barriers experienced
and potential facilitators by women who are uninterested in or actively avoiding MSE may
not have been fully captured. Nevertheless, the emphasis on flexibility, autonomy, social
support, and accessibility in MSE participation suggests that the intervention components
may provide a useful foundation for initiating MSE among women with little to no prior
experience. Embedding participants’ perspectives into the intervention design remains
essential to improve relevance, engagement, and sustainability of MSE behaviour, while
broader environmental and sociocultural constraints on women’s participation, particularly
time availability, access to spaces and gendered exercise norms, such as women not needing

MSE, should be explicitly addressed in future interventions and policy development.
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7.4 IMPLICATION FOR PRACTICE AND RESEARCH

The findings in the thesis highlights the implications for researchers, practitioners, and
policy development. From a research perspective, future intervention studies should move
beyond behaviour initiation and incorporate progressive overload and sufficient training
dosage to ensure physiological adaptations are achieved alongside behavioural engagement.
From a practice perspective, MSE promotion should prioritise flexibility and preference-
based delivery models that lower the entry barriers for women who are not currently engaged
in structured exercise, while embedding mechanisms for progression over time. Practitioners
delivering physical activity interventions should consider integrating education-based
components as a low-cost, scalable entry point, alongside partnerships with community and
healthcare settings, to improve access and opportunities to participate. From a policy
perspective, clearer guidance may be required on the role of lifestyle-integrated muscle-
strengthening activities within surveillance systems, particularly in relation to whether they
are intended to reflect behaviour participation or physiological adequacy. The findings from
the thesis suggest that effective promotion for MSE requires a staged approach that support
the initiation through flexibility and autonomy, followed by structured progression in order

to achieve meaningful health outcomes.

7.5 STRENGTHS AND LIMITATIONS OF THE THESIS
7.5.1 Strengths of the thesis

The main strength of the thesis is its mixed-methods design, which combines qualitative and
quantitative approaches to yield richer, more in-depth results. Integrating these methods with
a co-design approach allowed the study to quantify patterns of MSE participation, identify
barriers and facilitators to participation, and inform the development of an intervention
relevant to women’s real-life experiences. Given that women participate in MSE less than
men do, this approach demonstrates the potential to develop strategies and interventions to
improve women’s participation in MSE. The inclusion of daily living muscle-strengthening
activities, as outlined in the 2019 UK Physical Activity Guidelines, captured the variation of
activities that were often not reported in surveillance data. The feasibility and acceptability
of the co-designed intervention, assessed alongside body composition and muscular strength,
provided a clear understanding of its potential effects. Finally, the co-designed intervention
was highly relevant to participants, as it was informed directly by women who did and did

not meet the muscle-strengthening guidelines, addressing the barriers to participation.
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7.5.2 Limitations of the thesis

The main limitation of the thesis lies in its study population and representativeness, as all
participants were based in the United Kingdom. Across four sequential studies, participants
predominantly lived in the least deprived area, were employed full-time, and had a university
degree or higher, which limits generalisability to women from more deprived areas or with
lower educational backgrounds. The lack of ethnicity data further limits understanding of
the barriers and facilitators for women of diverse backgrounds. Both the quantitative survey
and the qualitative interview relied on self-report data and were more prone to recall and
social desirability bias. While the co-designed intervention was tested using a randomised
controlled trial, it was not powered to assess effectiveness due to its pilot nature. It also only
explored the feasibility, acceptability, and effects on body composition and muscular
strength among women aged 18 to 45 years. The short study duration limits the insights into
long-term adherence to MSE, and several intervention components also need further
refinement. Finally, the theoretical framework for behaviour change was applied post hoc,

rather than guiding the study design.

7.6 FUTURE WORK DIRECTIONS

Building on the findings and limitations of this thesis, several suggestions for future work

can be identified as follows:

7.6.1 Diversify Background

Future studies should explore the pattern of MSE and the barriers and facilitators for
participation in MSE across women with different socio-economic backgrounds, ethnicities,
and life stages, to allow for the co-design of a more contextually relevant intervention for
each group. Collecting income data in addition to the deprivation category for participants'

demographic background allows for a better understanding of participants' economic stance.

7.6.2 Larger Scale Randomised Controlled Trial

Given the small sample size and shorter study duration (24 weeks) of the pilot randomised
control trial, there is a need to scale up the trial. Further refinement of the co-designed

intervention is needed, as outlined in Chapter 5, Section 5.7.5. Following demonstration of
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the feasibility and acceptability, a power calculation should guide the recruitment for a larger

trial to determine the intervention’s effectiveness. A longitudinal study would provide insight

into the sustainability of MSE engagement and its long-term health effects.

7.6.3 Behaviour Change Mapping

As the current thesis applied the theoretical frameworks post hoc, future studies should
incorporate them from the start to strengthen the intervention's design and evaluation. The
COM-B model can be used to systematically map the barriers and facilitators identified to
guide BCT selection. Future work should also explore whether the intended behaviour
change mechanisms are achieved and investigate which BCTs are most effective in
increasing women’s participation in MSE across different subgroups. Considering the
Ecological Model in co-designing intervention development could further enhance its
scalability and relevance across various contexts. This would enable a better understanding
of how environmental and sociocultural constraints on women’s MSE participation can be

effectively addressed.

7.7 CONCLUSION

In conclusion, this PhD thesis provides a comprehensive investigation of participation in
MSE among women by integrating quantitative, qualitative and intervention-based
approaches. Across four sequential studies, it quantified the pattern of MSE participation,
explored the types, frequency, intensity, and duration of muscle-strengthening activity, the
barriers and facilitators experienced by women who did and did not engage in MSE, and
developed a co-designed intervention to improve participation. This mixed-method design,
combined with a co-design approach, ensured that the intervention and findings were
relevant to women’s life experiences. While the thesis has limitations, the findings offer a
clear direction for future research and intervention development. The thesis lays the
foundation for a scalable intervention to improve women’s participation in MSE and their
health outcomes by addressing persistent barriers to MSE participation and incorporating

participants’ insights into the intervention.
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University

«” of Glasgow

Dr Gemma Ryde

MVLS College Ethics Committee 200220454
Muscle Strengthening Activity Survey: An Assessment of UK Adults’ Participation in the
Muscle Strangthening Component of the Physical Activity Guidelines

The College Ethics Committes has reviewed your application and has agreed that there Is no
objection on ethical grounds Lo the proposed study. We are happy therefore 1o approve the project,
subject Lo the lollowing conditions

Project end date &s stipulated in orignal application.

The data should be held securely for a period of len years after the completion of the research
project, or for longer if specified by the research funder or sponsor, In accordance with the
University's Code of Good Practics in Research:

(http/iwww.gla ac.ukimedia'maedia_22759%_en.pdf)

The research should be carned out anly on the sites, and/or groups defined in the application,
Any proposed changes in the prolocol should be submilted for reassassment, excapt when it is
necassary to change the protocol to eliminate hazard to the subjects or where the change

invalves only the adminisitralive aspects of the project. The Ethics Commiltee should be informed
of any such changes

For projects requrring the use of an online questionnaire, the University has an Onine Surveys
account for research. To request access, see the University's application procedure at
hitps:/hwew gla.ac. uk/research/strategylourpoliciesiusecfoninesurveystoolforrasearchy,

You should submit a short end of study repeet within 3 months of completion.

Yours sincerely

Dr Terry Guinn

Terry Quinn
FWS0, FESO, ND, FRCP, BS¢ |hans), MBChE (nons)
Reader ! Honorary Consultant

Calinge of Medione, Veterinary & Life Scences
School of Cardiovascular and Metabolic Heakh
Wy Qunn@glsgon glaacuk

The Universty of Glasgow, chanty number SCO04401
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Appendix 2-B: Participant’s Information Sheet

Participant Information Sheet

1. Title: Muscle Strengthening Activity Survey: An Assessment of Adults’ Participation
in the Muscle Strengthening Component of the Physical Activity Guidelines

You are being invited to take part in this study about your participation in muscle
strengthening activities. Before you decide, it is important for you to understand why
the survey is being done and what it will involve. Please take time to read the following
information and ask us if there is anything that is not clear or if you would like more
information.

2. What is the purpose of the study?

Muscles play an important role in the human body including not only in allowing us
to move but also in our wider health. For example, low muscle strength has been
associated with an increase in risk of heart disease and diabetes. Our current physical
activity guidelines state that adults should perform two or more days of muscle
strengthening activity, but current levels of participation are low. The guidelines state
that doing daily activities, such as gardening and cleaning, can help to strengthen our
muscles. Currently we have very little information in people who meet the physical
activity guidelines on what kind of activities they carry out.

Therefore, the purpose of this study is to identify what activities adults in the United
Kingdom do to meet the muscle strength component of the physical activity guidelines
of two or more days a week of muscle.

3. Why have I been invited to participate?
You have been invited to take part in this study because you are an adult. You can only
participate in this survey if you are: 1) between the age of 18 to 64 years old, and 2)
currently living in the United Kingdom, and 3) not limited in taking part in muscle
strengthening activities by health issues.

4. Do I have to take part?
No, it is up to you to decide whether to take part as the participation in this survey is
completely voluntary. If you do decide to take part, you are still free to withdrawn at
any time without giving any reason. Participating in this survey will not affect your
employment or standing.

5. What will happen to me if I take part?
The survey will be conducted across all adults in the United Kingdom. If you decided
to take part, you will have to complete one anonymous online survey that would take
not more than 15 minutes.

6. What do I have to do?
Participants that decided to take part in this survey will complete a 30-item survey that
consist of questions about their demographic, participation in muscle strengthening
exercises and activities, and occupational physical activity.

7. What are the possible risks of taking part?
There are no known risks to you. the participation in this survey is based on your
voluntary decision in allowing your anonymised data to be analysed for the research
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10.

11.

12.

13.

purpose. It is acknowledged that participants will take not more than 15 minutes time
burden by completing this survey.

What are the possible benefits of taking part?

You will receive no direct benefit from taking part in this survey. The information that
is collected in this survey will give us a better understanding of the current level of
participation in muscle strengthening and what do adults in the United Kingdom do to
meet the guideline.

Will my taking part in this study be kept confidential?

All the information and responses collected from you will be kept strictly confidential
and anonymous. All data in electronic format will be stored on secure password-
protected computers. No one outside of the research team, the University-approved
transcription company and appropriate governance staff will be able to find out your
name and any other information that could identify you.

What will happen to my data?

We may collect and store identifiable information from you (email address) only if
you decide to participate in further follow-up research to design the muscle
strengthening intervention with the researchers at the end of the survey. Email
addresses (optional) will be in the same survey for those who provide them until
download. After download, the online data will be deleted, and the emails and data
will be kept in separate files. Email addresses will also not be linked to participant
numbers. Researchers from the University of Glasgow collect, store, and process all
personal information in accordance with The General Data Protection Regulation
(2018). The data will be stored in archiving facilities in line with the University of
Glasgow retention policy of up to 10 years. After this period, further retention may be
agreed, or your data will be securely destroyed in accordance with the relevant
standard procedures. Your rights to access, change, or move the information we store
may be limited, as we need to manage your information in specific ways for the
research to be reliable and accurate. If you withdraw from the study, we will keep the
information about you that we already obtained. To safeguard your rights, we will use
the minimum personally identifiable information possible. You can find out more
about how we use your information from  the  researcher
(n.rosaini. l @research.gla.ac.uk).

What will happen to the results of the research study?

The findings from this research project will contribute to the principal researcher’s
(Nur Dania Rosaini) PhD project. The research team would also seek to publish the
findings in journals and present the data at conferences. You will not be identified by
name in any publications. Please let the research team know if you would like a copy
of the published results.

Who is organising and funding the research?

The work is organised by Ms Nur Dania Rosaini, Professor Stuart Gray and Dr Gemma
Ryde in the School of Cardiovascular and Metabolic Health at the University of
Glasgow. This work is funded by Majlis Amanah Rakyat Malaysia (MARA), a
studentship to Ms Nur Dania Rosaini.

Who has reviewed the study?
This study has been reviewed and approved by the College of Medical, Veterinary and
Life Sciences Ethics Committee at the University of Glasgow.
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14. Contacts for further information.
If you have any doubts or questions, please contact one of the investigators below:

Principal Researcher
Nur Dania Rosaini
Email; n.rosaini.1 @research.gla.ac.uk

Supervisor

Professor Stuart Gray

Email: stuart.gray@glasgow.ac.uk
Dr Gemma Ryde

Email: gemma.ryde@glasgow.ac.uk



mailto:n.rosaini.1@research.gla.ac.uk
mailto:stuart.gray@glasgow.ac.uk
mailto:gemma.ryde@glasgow.ac.uk
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Appendix 2-C: Consent Form

University | College of Medical,
Qf Glasgow Veterinary & Life Sciences

SEATHE FORM WILL BE CONVERTED INTO AN ONLINE SURVEY — if they do not consent, they
will be directed to close their browser***

Muscle Strengthening Actmity Survay: An Assessment of UK Adults’
Title of Project: Participation in the Musde Strengthening Component of the Prrysical
Activity Guidelne

Nameé of Researcher(s):  Nur Dania Rosaini, Professor Stuart Gray, Dr Gemma Ryde

CONSENT FORM Fasee

Inital box

| confirm that | have read and understood the Participant Information Sheet
version V.0.1 dated 27/07/2023.

| confirm that | have read and understood the Privacy Notice version 00001
dated 27/07/2023,

| have had the opportunity to think about the information and ask questions
and understand the answers | have been given.

| understand that my participation is voluntary and that | am free to withdraw
at any time, without giving any reason, without my legal rights being
affected,

| confirm that | agree to the way my data will be collected and processed and
that data will be stored for up to 10 years in Univarsity archiving facilities in
accordance with relevant Data Protection policies and regulations,

| understand that all data and information | provide will be kept confidential
and will be seen only by study researchers and regulators whose job it is to
check the work of resecarchers.

| agree that my name, contact details and data described in the information
sheet will be kept for the purposes of this research project,

| understand that if | withdraw from the study, my data collected up to that
point will be retained and used for the remainder of the study.

| agree to take part in the study,

| do not agree to take part in the study.

R EREEREREREINN
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Appendix 2-D: Recruitment Poster

B University College of Medical,
Q}‘ Glasgow Veterinary & Life Sciences
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Are you curious about what activities you — =
do that meet the physical activity =

guidelines for muscle strengthening?
Take part in our survey to find out.

You can answer this survey if you are:
* Aged between 18 to 64 years old
o Gurrently living in the United Kingdom

SCAN HERE TO ANSWER
THE SURVEY

For more Information, please
contact:

Nur Danla Rosainl
nrosaini.i@research.gla.acuk

or follow this link:
https://uotg.qualtrics.com/jfe/form/SV_ePpFLTGFuYKOEdw
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Appendix 2-E: Muscle-Strengthening Activity Survey

MUSCLE STRENGTHENING PARTICIPATION SURVEY

PRE-SCREENIN ESTION
Are you aged between 18-64 years old?

o Yes (continues to the next pre-screening question)

o No (thank you and exit the questionnaire)
Do you currently have any health conditions that stop or limit you being as
active (physically, mentally, socially) as you would like, e.g., something that
leaves you tired or in pain, anxious or depressed, or needing to be near a
toilet?

o Yes (thank you and exit the survey)

o No (continue to survey)

PART A —- DEMOGRAPHIC SECTION
What is your date of birth (month and year)?
o MM/YYYY
What is your sex?
o Male
o Female
o Non-Binary
o Other
o Prefer not to say
Postcode
o Insert postcode.
Which of the following descriptions best describes your usual ‘work’
situation?
Going to school or university full time.
Employed or self-employed.
Doing unpaid work for your own business, or family owned.
Permanently unable to work because of long-term iliness or disability.
Retired from paid employment.
Looking after family or home.
o Other.
What is the highest qualification you have completed?
o No formal qualification after school
o Trade, Technical certificate, Apprenticeship or Diploma
o University degree or higher
o Prefer not to say

O O O O O O

What is your marital status?

o Single (never been married)
Single (with children)
Married (without children)
Married (with children)
Divorced/Separated (without children)
Divorced/Separated (with children)
Widowed (without children)
Widowed (with children)
Prefer not to say

O O O O O O O O
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Are you a care giver? (if no, skip to next question: Are you on wheelchair?)
o Yes

No

Who do you care for?

Child or children

Older adults

Someone with a disability

Other

O

O O O O

How long do you spend caring for them?
o Fulltime
o Parttime
Are you a wheelchair user?
o Yes
o No
How would you rate your health today on a scale of 0-100?
0 10 20 30 40 50 60 70 80 90 100

HHHHHHHHI

The worst The best
health you health you
can imagine can imagine

Physical activity for adults

The infographic above provides details about the 2019 UK Physical Activity
Guidelines for adults and older adults. We are particularly interested in the “build
strength” part of the guidelines. It is recommended that adults build strength on at
least two days a week to keep the muscles, bones, and joints strong. This can
include activities such as using bodyweight, free weights, resistance machines or
elastic bands, as well as activities of daily living such as stair climbing, wheeling
your wheelchair, carrying shopping bags, lifting, and carrying children, and
gardening.

Do you think you meet these “build strength” guidelines by taking part in
muscle strengthening activities twice a week, or more, during a typical
week?

o Yes
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o No

Next, we are going to look at what kind of muscle strengthening activities you do,
please fill this in even if you said no to the previous question.

PART B: M LE STRENGTHENING EXERCISE (A from Shak r-
Dri L. 2022
The next set of questions are about your participation in muscle strengthening
exercise. In this section, we are interested in muscle strengthening exercise that
you do during your leisure time. The type of exercises we are interested in in this
section are:

e Weight machines: at home, in a gym or fitness centre.

o Bodyweight exercises: such as push ups, sit ups or planking.

o Resistance exercises: using free weights such as dumbbells or

resistance bands.

» Holistic exercises: including Pilates, Yoga and Tai-Chi.

Do you do any of these kinds of muscle strengthening activity in a usual
week? (Tick those that are applicable. If none, skip to part C)
Yes No

Weight machines

Bodyweight exercises

Resistance exercises

Holistic exercises

How many days, in a usual week, do you do these activities?

Weight none 1day 2days 3days 4days Sdays 6days 7days
machines

BOdy\{Veight none 1day 2days 3days 4days Sdays 6days 7 days
exercises

Resis.tance none 1day 2days 3days 4days Sdays 6days 7 days
exercises

HOHStIiC none l1day 2days 3days 4days Sdays 6days 7 days
exercises

How long do you usual spend doing these activities (minutes spent in a
usual session)?
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Weight Less than More
machines P— 10 10-20 21-30 31-40 41-50 51-60 than 60
mMiNUteS  minutes minutes  minutes minutes  minutes  minutes  minutes

Bodyweight Less than More
exercises P 10 10-20 21-30 31-40 41-50 51-60 than 60
minutes  inutes minutes minutes minutes minutes minutes minutes

Resistance Less than More
exercises - 10 10-20 21-30 31-40 41-50 51-60 than 60
minutes  ninutes minutes minutes minutes minutes minutes minutes

Holistic Less than More
exercises O minus 10 10-20 21-30 31-40 41-50 51-60 than 60
MINUteS  minutes minutes minutes minutes  minutes  minutes  minutes

On the scale of 0-10, how hard do you feel when you are doing these
activities? ‘0’ being ‘extremely easy’ and ‘10’ being ‘extremely hard’

Weight 0 1 2 3 4 s B 7 8 9 10
machines -1+ HHHHHI]
Net Latrermely Loy Somewtat Lomembal Hard Extremedy
Aopiaabie Easy Eay Hard Hard
Bodyweight 0 1 2 3 . 5 6 7 % s 10
Nt Latrermely Loy Somewtat Lomewhatl Hard Extremedy
Applable Eavy Eany Hard Hard
Resistance 0 1 2 3 . s 6 7 8 9 10
Nt Latrermely Loy Somewtat Lomewhat Mard Extremely
Aopieabie Easy Eary Hard Hard
Holistic 0 1 2 3 4 s B 7 8 9 10
Net Extremmely Loy Somewhat Somewhat Mard Extremely
Aopiaabie Easy Eany Hard Hard

Which part of your body or muscle group do you exercise (tick as many as

you do)?
Weight Not
machines applicable Shoulder Arms Chest Back Abdomen Hips Legs

Bodyweight Not
exercises applicable Shoulder Arms Chest Back Abdomen Hips Legs
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Resistance Not
exercises applicable Shoulder Arms Chest Back Abdomen Hips Legs
Holistic Not
exercises applicable Shoulder Arms Chest Back Abdomen Hips Legs

What other exercises did you do? (If applicable)
Weight machines

Bodyweight exercises

Resistance exercises

Holistic exercises

PART C: M LE STRENGTHENING DAILY LIVING PHYSICAL ACTIVITY
The next set of questions are about your participation in muscle strengthening
daily living physical activity. In this section, we are interested in muscle
strengthening activity that you do during your leisure time. The type of activities
we interested in in this section are:

e Gardening

o Carrying shopping bags

» Stairs climbing

« Lifting and carrying children

o Wheeling a wheelchair
Do you do any of these kinds of muscle strengthening activity in a usual
week? (Tick those that are applicable. If none, skip to part D)

Yes No

Gardening

Carrying shopping bags

Stairs climbing

Lifting and carrying children

Wheeling a wheelchair

How many days, in a usual week, do you do these activities?
Gardemng none 1day 2 days 3 days 4 days 5 days 6 days 7 days

Carryipg none lday 2days 3days 4days Sdays 6days 7days
shopping
bags
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Stairsl none 1day 2days 3days 4ddays Sdays 6days 7 days
climbing

Lifting and pone 1day 2days 3days 4days Sdays 6days 7 days
carrying
children

Whee”ng. 2 none lday 2days 3days 4days Sdays 6days 7days
wheelchair

How long did you spend doing these activities (minutes spent in a usual
session)?

Gardening Less than More

10 10-20 21-30 31-40 41-50 51-60 than §
Ominutes  minutes minutes minutes  minutes  minutes  minutes  minut

s

Carrying shopping Less than More
bags 10 1020 2130 3140 4150 5160  than
Ominutes  minutes minutes minutes minutes  minutes  minutes  minut

Stairs climbing Less than More

10 10-20 21-30 31-40 41-50 51-60 than §
0 minutes minutes minutes minutes minutes minutes minutes minut|

Llftlng and Less than More
carrying children 10 10-20 21-30 31-40 41-50 51-60  than
rying Ominutes  minutes minutes minutes minutes  minutes  minutes  minut

s

Wheeling a Less than Mor¢

wheelchair O minut 10 10-20 21-30 31-40 41-50 51-60 than §
minutes  minutes minutes minutes minutes minutes minutes minut

On the scale of 0-10, how hard do you feel when you are doing these
activities? ‘0’ being ‘extremely easy’ and ‘10’ being ‘extremely hard’

Gardening 0 1 2 3 4 5 6 7 8 9 1

Carrying shopping
bags




Stairs climbing

Lifting and
carrying children

Wheeling a
wheelchair

Net Latrermely Lary Somewhat Lomewhat Mard Extres
Aopicatie Eavy Eary Hard Harl

What kind of task or tasks do you do when doing this activity?
Gardening (for example shovelling, chopping,
watering, digging, weeding and more.)

PART D: PATIONAL M LE STRENGTHENING PHYSICAL ACTIVITY
The next set of questions will be about your participation in occupational physical
activities. In this section, we are interested in occupations that have high physical
exertion, and movement involved such as individuals working in healthcare and
construction, or those who work as warehouse workers, delivery drivers,
gardeners, or similar occupations.

Does your occupation have high physical exertion and movement involved?
(If yes, specify what do you work as. If no, skip to the end.)

o Yes,as

o No

How many days, in a usual week, do you do occupational physical activity?
none 1 day 2 days 3 days 4 days 5 days 6 days 7 days

When you do occupational physical activity, how long did you spend doing
this activity (minutes spent in a usual session)?
Less than More

10 10-20 21-30 31-40 41-50 51-60 than 60

Ominutes minutes minutes  minutes  minutes  minutes  minutes  minutes

On the scale of 0-10, how hard do you feel when you are doing occupational
physical activity. ‘0’ being ‘extremely easy’ and ‘10’ being ‘extremely hard’.
0 1 2 3 4 5 6 7 8 9 10

HHHHHHH

Not Extremely Easy Somewhat Somewhat Hard Extremely
Applicable Easy Easy Hard Hard
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What is the muscle strengthening activity or activities that you do at work?
(For example, carrying heavy boxes, moving patients, or installing buildings
structures.)

FOLLOW-UP

Thank you for participating in this survey. If you would like to participate in
further follow-up research to design the muscle strengthening intervention
with the researchers, please leave your email address below.

o Yes, email address:
o No

This is the end of the questionnaire. Your response is very much
appreciated.
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Checklist for Reporting Results of Internet E-Survey (CHERRIES)

In accordance with Eysenbach G. Improving the quality of Web surveys: the
Checklist for Reporting Results of Internet E-Surveys (CHERRIES). J Med
Internet Res. 2004 Sep 29;6(3):e34. doi: 10.2196/jmir.6.3.e34. Erratum in:
doi:10.2196/jmir.2042. PMID: 15471760; PMCID: PMC1550605.

Item Category

Checklist Item

Page
number

Description

Design

Describe survey
design

27

Adults aged 18-64,
living in the UK
Data collected from
October 2023 to
December 2023

IRB approval
and informed
consent
process

Approval

26

Approved by MVLS
Ethic Committee
University of Glasgow
(Ethic ID: 200220454)

Inform Consent

26

Participants were
provided the privacy
notice and information
sheet on the landing
page of the survey.
Participants give
consent by clicking “I
agree /disagree”.
Participants are free to
withdraw consent at
any stage during
survey completion but
won'’t be able to do so
after the survey is
submitted.

Data protection

Not in
report

Data stored according
to the GDPR
requirements.

Data is stored
anonymously, and the
file is password
protected.

Developing
and pre-
testing

Development and
testing

27-29

Survey developed with
guidance from the
2019 UK CMO
Physical Activity
Guidelines, Muscle
Strengthening Exercise
Questionnaire (MSEQ)
(Shakespear-Druery et
al., 2022) by lead
researcher NDR, and
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edited by supervisors
SRG and GCR.

Pilot testing was done
on 9 participants for
the readability and
comprehension of the
qguestions.

Recruitment

process and
description of
the sample
having access
to the
questionnaire

Open survey vs
closed survey

27

Open survey on
Qualtrics (Qualtrics
Ltd). No password is
required to answer the
survey.

Contact mode

26

No initial contact was
made with potential
participants before
participating in the
survey.

Advertising the
survey

26

Offline (poster
advertisement)

Online (through
professional network;
Microsoft Viva Engage,
LinkedIn and social
media; Nextdoor, X
and Facebook
advertising)

Survey
administration

Web/Email

27

Web survey on
Qualtrics (Qualtrics
Ltd)

Context

27

Qualtrics is used for
collecting responses
for various types of
surveys/studies.
Participants are often
brought to this website
by following the link
provided in the study
announcement.

Mandatory/voluntary

26

Voluntary

Incentives

N/A

None

Time/Date

26

The survey was active
24 hours a day
between October 2023
to December 2023

Randomization of
items or
questionnaire

27-29,
Appendix
2-E

No. The survey was
structured into 5
sections: pre-screening
and demographic,
muscle strengthening
exercise, daily living
muscle strengthening
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activity and
occupational muscle
strengthening activity
and information on
registering interest to
participate in follow-up
study.

Adaptive Not in Yes, for Part B (MSE),
questioning report Part C (DLMSA) and
Part D (OMSPA).”
Questions will only
appear based on the
participant’s answer
choice. (Refer
supplementary material
1)
Number of items Not in 26 items
report
Number of screens Not in 7 blocks
report
Completeness Not in None provided to the
check report participants. The
submit button appears
on the last page and
once participant submit
their response, it is
considered complete.
Review step Not in Participants can review
report and change their
answers while
completing the survey
but are unable to do so
once they submit it.
Response rate | Unique site visitor Not in The participant’s
report response type (IP
address) is recorded
but the participant's
exact IP address is not
recorded.
reCAPTCHA is used to
detect bot
View rate N/A N/A
Participation rate Not in 90% agree to
report participate
Completeness rate Not in 74% completed out of
report the total response

received.

Response quality is
100% (based on
Qualtrics responses
quality check).
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Preventing
multiple
entries from
the same
individual

Cookies used

N/A

None. The survey is
set to prevent multiple
submissions on the
Qualtrics setting. If a
participant submits
multiple entries, it will
be flagged.

IP Check

Not in
report

Qualtrics collected IP
addresses to ensure
no duplication in
submission. However,
the IP address data
was not used for any
other purpose and was
permanently deleted by
the researcher.

Log file analysis

Not in
report

Qualtrics recorded the
log file to ensure there
were no duplicates.

Registration

N/A

N/A

Analysis

Handling of
incomplete
questionnaires

30

Only responses with
completeness above
80% are included in
the analysis of muscle
strengthening
participation.

Questionnaire
submitted with an
atypical timestamp

Not in
report

The questionnaire will
take about 4 to 15
minutes to answer
depending on the
participant's responses
to certain questions.
No cut-off point
decided.

Statistical correction

N/A

N/A

**MSE = muscle strengthening exercises, DLMSA = daily living muscle
strengthening activities, OMSPA = occupational muscle strengthening physical

activity
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Appendix 3-A: Ethics Approval WISH Study (Interview and Co-Design Workshops)

University
of Glasgow

Dr Gamma Ryde

MVLS College Ethics Committee

Co-Designing an Infervention fo knpvove Participation of Woman in Muscle Strengthaning Exercise
200230238

The College Ethics Commitlee has reviewed your application and has agreed that there is no
abjection on ethical grounds o the proposad study. We are happy therefore to approve the project,
subject o the following conditions

* Projpect end date as stipulated in onginal application.

* The data should be held securely for a period of ten years after the completion of the research
projact, or for longer if specified by the research funder or sponsor, In accordance with the
University's Code of Good Practice in Research:

(htip:ihwww gla ac uiomediamedia_227599_an.pdf)

¢ The research should be carried out only on the sites, and‘or groups defined in the application.
* Any proposed changes in the protocol should be submitted for reassessment, except when # is

necessary to change the protocol to eliminale hazard fo the subjects or where the change
invalves only the adminstrative aspects of the project. The Ethics Committee should be informed

of any such changes.

*»  For projects requinng the use of an onine questionnaire, the University has an Online Surveys
accournt for research. To request access, see the University's application procedure at
nttps//waw . gla ac. uk/researchistrategy'ourpolciesiusecfonlinesurvaystooforesaarch/

* You should submit a short and of study report within 3 months of complation,
Yours sincaraly

Dr Terry Quinn

Terry Quinn
FWS0, FESO, MD. FRCP, I5Sc (hons), MBCHS (hors)

Cobege of Medicine, Vatarinary & Life Edencas
Scheol of Carchovascutar and Metatolk: Maalty
New Luter Bukding, Glasgow Royal Infrmary
Gosgow GI1 2ER

Tel - 0141 201 8519
The Univarsity of Glasgow, chadty number SCO04401
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Appendix 3-B: Participant’s Information Sheet (Interview)

University ‘ College of Medical,
of Glasgow | Veterinary & Life Sciences

PARTICIPANT INFORMATION SHEET

1. Study title: Co-designing an intervention to improve participation of women
in muscle strengthening exercise (Part 1)

You are being invited to take part in this follow-up interview to further discuss
your participation in muscle strengthening exercises. Before you decide, you
need to understand why this interview is being done and what it will involve.
Please take time to read the following information and ask us if there is anything
that is not clear or if you would like more information.

2. What is the purpose of the study?

We previously surveyed participation in muscle strengthening activities as
described in the 2019 UK Physical Activity Guidelines and investigated the
different way people meet the guidelines. The survey data revealed that women
that do muscle strengthening exercise tend to favour bodyweight exercises and
holistic exercises, such as Pilates and yoga, as opposed to weight machine-
based exercise which were more common in men. We have little information
on why women prefer these specific types of exercises or what barriers they
face in participating in other types of muscle-strengthening activities. This is
particularly important as we know from previous research that women are less
likely to meet the UK physical activity guidelines for muscle strengthening
(Strain et al., 2016).

Therefore, the aim for this current research is:

e To explore the barriers and facilitators for muscle strengthening
participation among women who self-reported meeting the build
strength guideline.

Reference:

Strain, T., Fitzsimons, C., Kelly, P., & Mutrie, N. (2016). The forgotten
guidelines: cross-sectional analysis of participation in muscle
strengthening and balance & co-ordination activities by adults and older
adults in Scotland. BMC Public Health, 16(1), 1108.
https://doi.org/10.1186/s12889-016-3774-6

3. Why have I been invited to participate?



https://doi.org/10.1186/s12889-016-3774-6
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You have been invited to take part in this study because you have expressed
your interest in participating in a follow up study when completing the Muscle
Strengthening Participation Survey and reported that you currently do muscle
strengthening exercise on two or more days per week.

. Do I have to take part?

No, it is up to you to decide whether to take part as participation in this study
is completely voluntary. If you do decide to take part, you are still free to
withdraw at any time without giving any reason. Participating in this study will
not affect your employment or standing.

. What will happen to me if I take part?

In this follow-up interview, we want to explore in more detail how you manage
to achieve the guidelines, barriers you faced and things that help to facilitate
this. This interview will last less than one hour and will be conducted online
(Microsoft Teams) or onsite at the University of Glasgow if you prefer.

Microsoft Teams interviews will be recorded through the software and the file
saves in Microsoft Stream (via University of Glasgow SharePoint). Onsite
interviews will be recorded using a digital voice recorder. In all cases, only
audio will be recorded. Once all recordings have been transcribed by the
researchers and checked against the original recordings, the audio files will be
deleted.

. What do I have to do?

If you decided to take part in the follow up interview, we will ask you questions
based on the Muscle Strengthening Participation Survey in more detail
considering the barriers you faced and facilitators in your participation in
muscle strengthening exercise. Some of the barriers to taking part in exercise
may be personal and sensitive therefore participants will be provided with
resources and contact details of organisations who might be able to help with
this as appropriate (Samaritans, financial advice services, mental health
charities). However, if anything is raised that suggests illegality or risk status,
then the researcher is obligated to report as appropriate.

. What are the possible disadvantages and risks of taking part?

There are no possible disadvantages and risk of taking part in this study.

. What are the possible benefits of taking part?
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11.

12.

Participating in muscle strengthening exercise is important for our health. The
information will help us develop interventions to increase participation in
muscle strengthening exercise. A £20 Amazon voucher will be provided upon
completion.

Will my taking part in this study be kept confidential?

Participant’s name and contact information (phone number/email) will be
collected only if they agree to take part in the study. The researchers will only
use this information to get in touch with the participants and it will not be linked
to their responses in the interview. Non-sensitive personal data (date of birth,
postcode, work situation, highest qualification completed, marital status) will
be obtained. The data will be stored in archiving facilities in line with the
University of Glasgow retention policy of up to 10 years. After this period,
further retention may be agreed, or the data will be securely destroyed in
accordance with the relevant standard procedures. All the information and
responses collected will be kept strictly confidential and anonymous. All data
in electronic format will be stored on secure password-protected computers.

What will happen to my data?

Researchers from the University of Glasgow collect, store, and process all
personal information in accordance with The General Data Protection
Regulation (2018). The data will be stored in archiving facilities in line with
the University of Glasgow retention policy of up to 10 years. After this period,
further retention may be agreed, or your data will be securely destroyed in
accordance with the relevant standard procedures. Your rights to access,
change, or move the information we store may be limited, as we need to manage
your information in specific ways for the research to be reliable and accurate.
If you withdraw from the study, we will keep the information about you that
we already obtained. To safeguard your rights, we will use the minimum
personally identifiable information possible. You can find out more about how
we use your information from the researcher (n.rosaini.1@research.gla.ac.uk).

What will happen to the results of the research study?

The findings from this research project will contribute to the principal
researcher’s (Nur Dania Rosaini) PhD project. The research team would also
seek to publish the findings in journals and present the data at conferences. You
will not be identified by name in any publications. Please let the research team
know if you would like a copy of the published results.

Who is organising and funding the research?

The work is organised by Ms Nur Dania Rosaini, Professor Stuart Gray and Dr
Gemma Ryde in the School of Cardiovascular and Metabolic Health at the
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14.

University of Glasgow. This work is funded by Majlis Amanah Rakyat
Malaysia (MARA), a studentship to Ms Nur Dania Rosaini.

Who has reviewed the study?

This study has been reviewed and approved by the College of Medical,
Veterinary and Life Sciences Ethics Committee at the University of Glasgow.

Contact for Further Information
If you have any doubts or questions, please contact one of the investigators
below:

Principal Researcher
Nur Dania Rosaini
Email; n.rosaini.1 @research.gla.ac.uk

Supervisor

Professor Stuart Gray

Email: stuart.gray@glasgow.ac.uk
Dr Gemma Ryde

Email: gemma.ryde@glasgow.ac.uk

Thank you for reading the Information Sheet



mailto:n.rosaini.1@research.gla.ac.uk
mailto:stuart.gray@glasgow.ac.uk
mailto:gemma.ryde@glasgow.ac.uk
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Appendix 3-C: Consent Form (Interview)

University ‘ College of Medical,
f Glasgow Veterinary & Life Sciences

& 0

Title of Project: Co-designing an intervention to improve participation of women
in muscle strengthening exercise (Part 1)

Name of Nur Dania Rosaini, Professor Stuart Gray, Dr Gemma
Researcher(s): Ryde
CONSENT FORM Please
initial
box

I confirm that | have read and understood the Participant
Information Sheet version V.0.1 dated 18/01/2024.

I confirm that | have read and understood the Privacy Notice
version 00001 dated 18/01/2024.

| have had the opportunity to think about the information and ask
questions and understand the answers | have been given.

| understand that my participation is voluntary and that | am free
to withdraw at any time, without giving any reason, without my
legal rights being affected.

I confirm that | agree to the way my data will be collected and
processed and that data will be stored for up to 10 years in
University archiving facilities in accordance with relevant Data
Protection policies and regulations.

| understand that all data and information | provide will be kept
confidential and will be seen only by study researchers and
regulators whose job it is to check the work of researchers.

| agree that my name, contact details and data described in the
information sheet will be kept for the purposes of this research
project.

| understand that if | withdraw from the study, my data collected
up to that point will be retained and used for the remainder of the
study.

| agree to my interview being audio-recorded.

| understand that the recorded interview will be transcribed word
by word and the transcription stored for up to 10 years in
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University archiving facilities in accordance with Data Protection
policies and regulations.

| understand that my information and things that | say in an
interview may be quoted in reports and articles that are published
about the study, but my name or anything else that could tell
people who | am will not be revealed

| agree to take part in the study.

| do not agree to take part in the study.

Name of participant Date Signature

Name of Person taking consent Date Signature
(if different from researcher)

Researcher Date Signature

(1 copy for participant; 1 copy for researcher)
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Appendix 3-D: Recruitment Poster

University | College of Medical, @
qf Glasgow Veterinary & Life Sciences "h&

% FOLLOW-UP ,
INTERVIEW X

You previously participated in our Muscle
Strengthening Participation Survey, and we
would like to hear more from you in an online or
onsite interview about your:

Barriers and facilitators for muscle
strengthening exercise participation

To register, please contact:

Nur Dania Rosaini
n.rosaini.l@research.gla.ac.uk
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Appendix 3-E: WISH Study Interview Topic Guide

Introduction

e Hi, lam (name), from the University of Glasgow.

e Before we begin, | would like to check if you agree with the terms and
conditions and privacy notice that | sent previously?

e |would also like to remind you that this meeting is audio recorded.

e First of all, thank you for volunteering to participate in this interview. So, the
purpose of this interview is to identify barriers and facilitators you faced when
participating in muscle strengthening.

e We will ask you some questions covering the knowledge, challenges,
motivation, and facilitators for your participation in muscle strengthening and
on your demographics.

e The whole interview will range from about 30 to 60 minutes. Are you okay to
proceed?

DEMOGRAPHIC (D)
D1. Month and year of birth
D2. Postcode (to determine the quintile of IMD — you can also give me your IMD
quintile if you know it)
D3. Work situation (FT student/employed/doing unpaid work - own/volunteer/care
for family, retired)
D4. Highest academic qualification (no formal qualification after school/trade
technical apprenticeship diploma/ university)
D5. Marital status (single/married/divorced separated/widowed) - with/without
children

KNOWLEDGE (K)
K1. How many days per week do you participate in muscle strengthening
exercises?
K1.17 How would you rate overall familiarity with different types of muscle
strengthening activities?
K2. What exercise do you prefer to do when participating in muscle
strengthening exercises?
K2.1 Are there any specific muscle groups or areas of focus that you prioritise
during your workouts?
K2.2 What aspect of muscle strengthening exercises do you enjoy the most?
K3. Do you work out at home or the gym? Do you work out alone, with friends or
join classes?
K3.17 How do your choice of workout environment and companionship
influence your motivation and enjoyment of doing muscle strengthening
activities?
K3.2 Are there any specific aspects of your environment that either facilitate
or impede your ability to adhere to regular muscle strengthening
participation?

CHALLENGES (C)
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C1. Can you tell me what challenges you face when you are participating in
muscle strengthening?
C1.1 How do these challenges impact your motivation and consistency in
maintaining your muscle strengthening routine?
C1.2 How do you overcome those challenges? / How do you incorporate
muscle strengthening exercise in your daily routine? / Have you developed
any strategies or habits that help you maintain a consistent muscle
strengthening participation? (depending on participant response to C1)
C2. Have you experienced any physical limitations or health concerns that
hinder your ability to engage in muscle strengthening?

MOTIVATION (M)
M1. What initially inspired or motivated you to start participating in muscle
strengthening?
M1.1 How has your motivation evolved or changed over time?
M2. How do you think muscle strengthening benefits you, physically and
mentally?
M2.7 Do you notice any specific changes in your overall well-being,
confidence and self-esteem as a result of your muscle strengthening effort?
(not necessary to ask if participants already answer this when answering
QM2)
M2.2 How do you perceive yourself in terms of your strength and fitness
level?
M3. Can you discuss the role of social support (e.g. family, friends, workout
partners) in your muscle strengthening journey? / How do people around you
response to your muscle strengthening participation?
M3.7 Have you found that having a support system or workout buddy
positively impacts your motivation and consistency in participating in
muscle strengthening?
M4. Can you describe any specific goals or aspirations that you have relating to
your muscle strengthening journey?
M4.17 How do you envision your participation in muscle strengthening
exercise evolving or continuing in the future?

FACILITATORS (F)
F1. What makes participating in muscle strengthening easier for you?
F1.7 Canyou identify any external factors or internal motivators that support
your adherence to regular participation in muscle strengthening?
F2. How can participation in muscle strengthening be improved, based on your
own experiences and preferences?
F2.2 Are there any specific resources, tools or support systems that you
believe would enhance the accessibility and effectiveness of muscle
strengthening activities?
F3. Looking back on your experiences, what have you learned about yourself or
your capabilities?
F4. What would be your top advice for other women who haven’t thought about
strength/strength training/wanting to start?

Conclusion
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Do you have any questions that you would like to ask us?
Thank you for your input. We will email you the voucher code to the email address you
provided before. Once again thank you for participating in our study.

Reminder: if they answer more on sport specific side as part of their muscle-
strengthening participation, divert it to MSE participation. If they have kids, ask them
more on the age, childcare responsibilities. Ask about time constraints and how they
include itin their schedule.




Appendix 3-F: COREQ Checklist
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COREQ (COnsolidated criteria for REporting Qualitative research) Checklist

A checkist of items that should be included in reperts of qualitative research. You must report the page number i your manuscript
where you consider each of the tems listed in this checkist, If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Domain 1: Research team
and reflexivity
Personal charocterstics
Interviewer/faciitator 1 Which author/s conducted the interview or focus group? 46
Credentials 2 What were the researcher’s credentiahi? £.g PhD, MD 46
Occupation 3 What was thelr occupation at the time of the study?
Gender B Was the researcher male or female? =
Experience and traning S What experience or training did the researcher have? |46
Relotionship with
participants
Relationship establshed 6 Was a refationship established prior to study commencement?
Participant knowledge of 7 What ad the participants know about the researcher? e g. personal
the interviewer goals, reasons for doing the research
Interviewes characteristics L] What characteristics were reported about the inter viewer/facitator?
.8 Blas, assumptions, reasons and Interests in the research topic
Domain 2: Study design
Theoreticol framework
Methodological orentation L] What methodological orlentation was stated to underpin the study? eg.
and Theory grounded theory, duscourse analysis, ethnography, phenomenciogy,
content analyss
Participant selection
Sampling 10 How were participants selected? e.g. purposive, Convenience,
consecutive, snowball
Method of approach 1n How were participants approached ? .. face-to-face, telephone, mal,
email
Sample size 12 How many participants were in the study?
Non-participation 13 How many people refused to participate or dropped out? Reasons?
Setting
Setting of data collection 14 Wherewas the data collected? e.g. home, chinic, workplace |
Presence of non. 15 Was anyone elie present besides the participants and chery?
partcipants |
Description of sample 16 What are the important characteristics of the sample? e g demographic
dota, date 4,49 ||
Dato collection
nterview guide 14 Were questions, prompts, guides provided by the authors? Was it pllot
tested?
Repeat interviews " Ware repeat inter views carried out? i yes, how many? 7
Audio/visusl recordng 19 Dud the research use audio of visual recording to collect the data?
fleld notes 20 Were Beld notes made during and/or after the inter view or focus grovp?
Duration 21 What was the duration of the inter views of focus growp ?
Data saturation n Was data saturation discussed? 47 I\
Transcripts returned 2 Were transcripts returned to participasts for comment and/or 47 |
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Topic Item No. Gulde Questions/Description Reported on
Page No.

correction?

Domain 3: analysis and

findings

Data analysis

Number of data coders 24 How many data coders coded the data? 47 |

Description of the coding 25 | Did authors provide a description of the coding tree?

tree 47

Derivation of themes 26 Were themes Identified in advance or derived from the data? |47

Software 27 What software, if applicable, was used to manage the data? 7

Participant checking 28 Did participants provide feedback on the findings? B77

Reporting

Quotations presented 29 Were participant quotations presented to Illustrate the th [findings? 51-69 I
Was each quotation identified? e.g. participant number

Data and findings consistent 30 Was there consistency between the data presented and the findings? -

Clarity of major themes 31 Were major themes dearly presented In the findings? 51-69

Clarity of minor themes 32 | Is there a description of diverse cases or discussion of minor themes? 51-69

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist
for interviews and focus groups. International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 - 357

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this
checklist as part of the main manuscript document. It must be uploaded as a separate file.
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Appendix 4-A: Participant’s Information Sheet

University | College of Medical,
Of Glasgow Veterinary & Life Sciences

PARTICIPANT INFORMATION SHEET

1. Study title: Co-designing an intervention to improve participation of women
in muscle strengthening exercise (Part 2)

You are being invited to take part in this co-design muscle strengthening
intervention workshop to discuss about your participation in muscle
strengthening exercises. Before you decide, you need to understand why this
workshop is being done and what it will involve. Please take time to read the
following information and ask us if there is anything that is not clear or if you
would like more information.

2. What is the purpose of the study?

We previously surveyed participation in muscle strengthening activities as
described in the 2019 UK Physical Activity Guidelines and investigated the
different way people meet the guidelines. The survey data revealed that women
that do muscle strengthening exercise tend to favour bodyweight exercises and
holistic exercises, such as Pilates and yoga, as opposed to weight machine-
based exercise which were more common in men. We have little information
on why women prefer these specific types of exercises or what barriers they
face in participating in other types of muscle-strengthening activities. This is
particularly important as we know from previous research that women are less
likely to meet the UK physical activity guidelines for muscle strengthening
(Strain et al., 2016).

Therefore, the aims for this current research are:
e To explore the barriers and facilitators for muscle strengthening
participation among women who self-reported not meeting the build
strength guideline.
e To co-design an intervention to assist women in meeting the build
strength guideline.

Reference:

Strain, T., Fitzsimons, C., Kelly, P., & Mutrie, N. (2016). The forgotten
guidelines: cross-sectional analysis of participation in muscle strengthening
and balance & co-ordination activities by adults and older adults in Scotland.
BMC Public Health, 16(1), 1108. https://doi.org/10.1186/s12889-016-3774-6



https://doi.org/10.1186/s12889-016-3774-6
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Why have I been invited to participate?

You have been invited to take part in this study because you are woman, aged
18 to 64 years old, currently did not do muscle strengthening exercise on two
or more days per week and lived in Glasgow.

Do I have to take part?

No, it is up to you to decide whether to take part as participation in this study
is completely voluntary. If you do decide to take part, you are still free to
withdraw at any time without giving any reason. Participating in this study will
not affect your employment or standing.

What will happen to me if I take part?

In this workshop, we will discuss barriers and facilitators for participation in
muscle strengthening exercise and then, with your help, design an intervention
to help you achieve the muscle strengthening exercise guidelines. This
workshop will take place at the University of Glasgow and last two hours. Some
of the barriers to taking part in exercise may be personal and sensitive therefore
participants will be provided with resources and contact details of organisations
who might be able to help with this as appropriate (Samaritans, financial advice
services, mental health charities). However, if anything is raised that suggests
illegality or risk status, then the researcher is obligated to report as appropriate.

What do I have to do?

If you decided to take part in the workshop, we will ask you questions on the
barriers you faced and facilitators in your participation in muscle strengthening
exercise. Then, you will be invited to design an intervention together with the
researchers. There are four parts in this 2-hour workshop which are knowledge
sharing session, discussion of barriers and facilitators for participation in
muscle strengthening exercise, demonstration of muscle strengthening
exercises and lastly, creation of muscle strengthening intervention.

What are the possible disadvantages and risks of taking part?

There are no possible disadvantages and risk of taking part in this study.

What are the possible benefits of taking part?

Participating in muscle strengthening exercise is important for our health. The
information will help us develop interventions to increase participation in
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11.

12.

muscle strengthening exercise. A £20 Amazon voucher will be provided upon
completion.

Will my taking part in this study be kept confidential?

Participant’s name and contact information (phone number/email) will be
collected only if they agree to take part in the study. The researchers will only
use this information to get in touch with the participants and it will not be linked
to their responses during the workshop. Non-sensitive personal data (date of
birth, postcode, work situation, highest qualification completed, marital
status) will be obtained. The data will be stored in archiving facilities in line
with the University of Glasgow retention policy of up to 10 years. After this
period, further retention may be agreed, or the data will be securely destroyed
in accordance with the relevant standard procedures. All the information and
responses collected will be kept strictly confidential and anonymous. All data
in electronic format will be stored on secure password-protected computers.

What will happen to my data?

Researchers from the University of Glasgow collect, store, and process all
personal information in accordance with The General Data Protection
Regulation (2018). The data will be stored in archiving facilities in line with
the University of Glasgow retention policy of up to 10 years. After this period,
further retention may be agreed, or your data will be securely destroyed in
accordance with the relevant standard procedures. Your rights to access,
change, or move the information we store may be limited, as we need to manage
your information in specific ways for the research to be reliable and accurate.
If you withdraw from the study, we will keep the information about you that
we already obtained. To safeguard your rights, we will use the minimum
personally identifiable information possible. You can find out more about how
we use your information from the researcher (n.rosaini.1@research.gla.ac.uk).

What will happen to the results of the research study?

The findings from this research project will contribute to the principal
researcher’s (Nur Dania Rosaini) PhD project. The research team would also
seek to publish the findings in journals and present the data at conferences. You
will not be identified by name in any publications. Please let the research team
know if you would like a copy of the published results.

Who is organising and funding the research?

The work is organised by Ms Nur Dania Rosaini, Professor Stuart Gray and Dr
Gemma Ryde in the School of Cardiovascular and Metabolic Health at the
University of Glasgow. This work is funded by Majlis Amanah Rakyat
Malaysia (MARA), a studentship to Ms Nur Dania Rosaini.
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14.

Who has reviewed the study?

This study has been reviewed and approved by the College of Medical,
Veterinary and Life Sciences Ethics Committee at the University of Glasgow.

Contact for Further Information
If you have any doubts or questions, please contact one of the investigators
below:

Principal Researcher
Nur Dania Rosaini
Email; n.rosaini.1 @research.gla.ac.uk

Supervisor

Professor Stuart Gray

Email: stuart.gray@glasgow.ac.uk
Dr Gemma Ryde

Email: gemma.ryde@glasgow.ac.uk

Thank you for reading the Information Sheet



mailto:n.rosaini.1@research.gla.ac.uk
mailto:stuart.gray@glasgow.ac.uk
mailto:gemma.ryde@glasgow.ac.uk
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Appendix 4-B: Consent Form (Workshop)

University ‘ College of Medical,
of Glasgow | Veterinary & Life Sciences

&, 0

Title of Project: Co-designing an intervention to improve participation of women
in muscle strengthening exercise (Part 2)

Name of Nur Dania Rosaini, Professor Stuart Gray, Dr Gemma
Researcher(s): Ryde
CONSENT FORM Please
initial
box

I confirm that | have read and understood the Participant
Information Sheet version V.0.1 dated 18/01/2024.

I confirm that | have read and understood the Privacy Notice
version 00001 dated 18/01/2024.

| have had the opportunity to think about the information and ask
questions and understand the answers | have been given.

| understand that my participation is voluntary and that | am free
to withdraw at any time, without giving any reason, without my
legal rights being affected.

I confirm that | agree to the way my data will be collected and
processed and that data will be stored for up to 10 years in
University archiving facilities in accordance with relevant Data
Protection policies and regulations.

| understand that all data and information | provide will be kept
confidential and will be seen only by study researchers and
regulators whose job it is to check the work of researchers.

| agree that my name, contact details and data described in the
information sheet will be kept for the purposes of this research
project.

| understand that if | withdraw from the study, my data collected
up to that point will be retained and used for the remainder of the
study.

| understand that my information and things that | say during the
workshop may be quoted in reports and articles that are
published about the study, but my name or anything else that
could tell people who | am will not be revealed
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| agree to take part in the study.

| do not agree to take part in the study.

Name of participant Date Signature

Name of Person taking consent Date Signature
(if different from researcher)

Researcher Date Signature

(1 copy for participant; 1 copy for researcher)
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Appendix 4-C: Recruitment Poster

Umvcmty College of Medical,
7 of Glasgow | Veterinary & Life Sciences

=3\

slrengthU

STRENGTH

Co-Design Muscle Strengthemng Workshop

Ever wanted to have your say on how
muscle stren thening should be designed
for women? Join our worksh to begin
your muscle strengthening a venture'

open to women aged 18-64 who aren't yet engaging in
twice-weekly muscle strengthening.

Chcvie

r. X

Date and Time:
* 11.06.2024 (10 AM - 12 PM)
* 13.06.2024 (6 PM - 8 PM)
Venue: BHF Glasgow
Cardiovascular Research Center,
University of Glasgow

Interested? Scan to register

* Knowledge Sharing Session:
Women and Strength

* Group Discussion: Challenges and
Barriers to Muscle Strengthening
Participation

» Strength Exercise Demonstration

* Build Your Strength Exercise Plan

£20

Amazon voucher
upon completion

For more information, please contact:
Nur Dania Rosaini
n.rosaini.l@research.gla.ac.uk
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Appendix 4-D: Post Workshop Survey Questions

POST WORKSHOP SURVEY (via Qualtrics Ltd.)
Thank you for joining our Women in Strength: Co-Design Muscle Strengthening
Intervention Workshop. Your insights and experiences are incredibly valuable to us.
We'd love to hear about your experiences attending the workshop and gather your
feedback. Your voice matters—Iet us know what you think!

Q1. Session attended
(] Tuesday, 10 am — 12 pm
[J Thursday, 6 pm — 8 pm

Q2. How would you rate your overall experience with the workshop?
Extremely satisfied

Somewhat satisfied

Neither satisfied nor dissatisfied

Somewhat dissatisfied

Extremely dissatisfied

I A O

Q3. What do you like most about your experience?

Q4. What do you like least about your experience?

QS. Do you find this workshop useful?
Definitely yes

Probably yes

May or may not

Probably not

Definitely not

0 I I O

Q6. How would you rate your understanding of muscle-strengthening exercises
before the workshop?

Excellent

Good

Average

Poor

Terrible

O

I R R

Q7. How would you rate your understanding of muscle-strengthening exercises after
the workshop?

Excellent

Good

Average

Poor

Terrible

I A O

Q8. Were there any issues or problems you encountered? If so, please describe them.

0

Q9. Over the past 7 days, have you attempted to incorporate muscle-strengthening
exercises into your routine?
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[] Yes
[ No

Q10. How many days did you do muscle-strengthening exercises?

0

days per week

Q11. What type of muscle-strengthening exercises do you do?

Yes

No

Weight Machines (at home, in a gym or fitness centre)

Resistance Exercises (using free weights such as
dumbbells or resistance bands.)

Bodyweight Exercises (such as push-ups, sit ups or
planking)

Holistic Exercises (such as Pilates, Yoga, Tai Chi)

Q12. Please provide any suggestions you have for improving our workshop.

We appreciate the time you took to complete this survey.

Your response has been recorded.
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Appendix 4-E: PRODUCES Checklist

Checklist for reporting intervention co-creation (PRODUCES)
In accordance with Leask, C.F., Sandlund, M., Skelton, D.A. et al. Framework,
principles and recommendations for utilising participatory methodologies in the co-
creation and evaluation of public health interventions. Res Involv Engagem 5, 2
(2019). https://doi.org/10.1186/s40900-018-0136-9
Item Checklist ltem | | P2de Description
umber
Planning
How was | 1) Use each | 80-81 Using PAAR (Design) to
the aim of | element of the develop (Objective) and test
the study | PRODUCES (Evaluation)  with academic
framed? framework. researchers and adult women
(Co-creators), an iterative
(Scalability)  intervention to
increase participation in muscle-
strengthening exercises among
women (end-Users).
Explain the | 2) Explain  the | 81 Purposive sampling.
sampling criteria used for End-users aged between 18 to
procedure | sampling. 64 years old, community-
dwelling, able to ambulate
independently, able to give
informed consent and attend the
workshop.
3) In what settings | 81 End-users' co-creators were
did the sampling recruited from survey
occur? responses, and additional
participant  recruitment was
done through  promotional
posters.
4) How many | 81-82 3 university researchers and 21
individuals adult women.
engaged as co-
creator? (academic
/non-academic
stakeholder)
5) Describe the co- | 80 Females, living in Glasgow,
creators aged between 18 to 64 years old
(demographic/grou and currently not achieving the
ps/demographic/gr government recommendations
oups/other of 2 days a week of muscle-
characteristic). strengthening activities.
Conducting
How was|6) Explain the | 80-83 Co-creators branded as Women
ownership | methods used to in Strength (WISH) Team. All co-
manifested | manifest ownership creators are told of their rights or
? (branding, rights equal status within the group
and responsibility). and responsibilities to contribute
ideas.



https://doi.org/10.1186/s40900-018-0136-9
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Procedures | 7) What level of | 80-83 Equal participation from both
Componen | participation  was academic researchers and end-
t there from the co- users and all co-creators will be
creators? asked for their inputs in each
discussion point.
8) How was the | 80-85 The overall aim will be
overall aim highlighted at the beginning of
presented? the process and at the
beginning of the workshop.
9) How was the | 80-85 The purpose of the workshop
purpose of each was  highlighted at the
meeting beginning.
presented?
10) What were the | 80-85 Individuals were told of their
rules and right to equal status within the
responsibilities  of group and to contribute their
participation agreed ideas.
upon?
Procedures | 11) In which areas | 80-85 End-users will be upskilled
Methods did the co-creators regarding behavioural change
require up-skilling? theory and research methods.
Academic researchers will be
upskilled  regarding  adults'
reasons and preferences for
muscle-strengthening exercise
participation.
12) What previous | 80-85 Presentation of the context for
evidence was muscle strength throughout the
reviewed, and how? age, adults' participation in
muscle-strengthening
exercises, behavioural assets
that can be done to increase
muscle-strengthening exercise
participation and behavioural
change theory.
13) If a prototype | 80-85 A full intervention prototype will
was developed, be created from several key
describe the elements discussed.
prototype and the
prototyping
process.
14) Describe the | 81 2 independent co-creation
frequency and the workshops (morning or evening
duration of sessions) were conducted with
meetings. each group of stakeholders,
including community members
and the research team. Each
session lasted 2 hours.
15) Give examples | 80-85 Scenarios (where it may be

of interactive
techniques or
methods used.

easy / difficult to increase
participation in muscle-
strengthening  exercises) /




217

Brainstorming (how/what can be
done)

16) Give examples | 88-95 Testing the created prototype
of fieldwork with end-users who are not
techniques or involved in the process.
methods used.

17) Give an | 86 The initial prototype will be
example of how developed, tested externally
iteration  occurred and after discussion, refined
during the process. and then tested again.

Evaluating

Process 18) Explain how co- | 95 The satisfaction level is
creator satisfaction evaluated through a post-
and contribution are workshop questionnaire.
evaluated
(attendance rate,
questionnaire,
interview).

How were the | Chapter | Written report will be done to

results reported | 7 explain the results of the

back to process, and the findings will be

stakeholders and disseminated  through the

the public? journal publication and
conference.

Outcome 19) Explain how the | 86 Data was collected using
validity of the individual worksheets, sticky
outcome and the notes with comments and
process were images, written notes from
evaluated (face whole group discussions, and
validation, member reflective notes from the
checking). research team. After each

workshop, a 1-hour debrief was
held to discuss the data, add
comments and thoughts to the
reflective notes, and create a
consensus summary of key
points.
20) Explain plans | 86, Plan to embed the intervention
for formal testing of | Chapter | into a randomised control trial
the 5 involving two arms (control and
effectiveness/scala intervention) to assess the
bility of the co- feasibility and acceptability.
created outcome.
21) Explain the | Chapter | If step 20 is deployed, outcomes
outcome of the|5 that will be measured include
evaluation (if experiences  with muscle-
tested). strengthening exercise

participation, changes in body
composition, and muscular
strength.
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ACTIVITY 1:

PRAW WHAT MUSCLE STRENGTHENING EXERCISES

LOOK LIKE TO Yov
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DRAW WHAT MUSCLE STRENGTHENING EXERCISES
“T'vnq ‘8 LOOK LIKE TO YOV
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DRAW WHAT MUSCLE STRENGTHENING EXERCISES
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DRAW WHAT MUSCLE STRENGTHENING EXERCISES
‘ct.v'rv 't LOOK LIKE TO Yov

HOW DO YOU THINK MUSCLE STRENGTHENING
‘CT|V'W z‘ EXERCISES BENEFIT WOMENT
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HOW DO YOU THINK MUSCLE STRENGTHENING
‘C'"V"'" zt EX(.CI'!S BENEFIT WOMENT?
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HOW DO YOU THINK MUSCLE STRENGTHENING
ACTIVITY 2: EXERCISES BENEFIT WOMENT
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ACTIVITY 3

CHALLENGES AND BARNIERS THAT YOU FACE N
YOUR MUSCLE STRENGTHENING EXEncCists
PARTICIPATIO

Oent Haw
hecess T
A Gym

(cost) ©

Feel
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Lack of people

THE WAYS THAT YOU THINN wowlD HELF Yov
OVERCOME THESE CHALLENGES AND BARRIEM
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ACTIVITY 3
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ACTIVITY 3
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ACTIVITY 3
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Appendix 4-G: Participants’ Experiences with the Co-Design Process

Participants’ Experience with the Co-Creation Process

How would you rate

your overall | Somewhat satisfied (N=2)
experience with the
workshop?

Extremely satisfied (N=8)

What did you like
most about your
experience?

e Meeting ladies who are also interested in building up
muscle

e Friendly attitude of the researcher

e The interactive style of the workshop and the
snacks.

e The speaker and approach

e The group work was well facilitated

e Talking about different ways to exercise without
incurring huge costs

e The information provided by the research group and
meeting other women with similar situations to mine

e Everyone is very friendly and engaging.

e Being able to have my voice heard

e | liked hearing from people who knew what they
were talking about.

What did you like
least about your
experience?

e Only spoke to the people at my table

e What I liked least was that there wasn't much
teaching of skills during the workshop. | also found it
a bit challenging doing the group projects (such as
making the ideal routine) because my schedule was
very different from those in my group, and my
preferred work out methods were also different from
those in my group.

e Women making unreasonable excuses about using
the gym

e The session was quite long.

¢ | think all the whole session was well planned. |
would maybe just adjust the time planning to make it
more efficient, but even though | believe it was really
good.

e The activity with the photographs was confusing,
and we couldn't really come to a consensus

Do you find this
workshop useful?

Definitely yes (N=6)
Probably yes (N=1)
May or may not (N=3)

How would you rate
your understanding
of muscle
strengthening
exercises before the
workshop?

Good (N=4)
Average (N=3)
Poor (N=3)

How would you rate
your understanding

Excellent (N=1)
Good (N=7)
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of muscle-
strengthening
exercises after the
workshop?

Average (N=2)

In the past 7 days, | Yes (N=8)
have you tried to | No (N=2)
include muscle-
strengthening

exercises in your

schedule?

How many days did | 1 day (N=1)
you do muscle- | 2 days (N=1)
strengthening 3 days (N=4)
exercises? 4 days (N=1)

What type of
muscle-
strengthening
exercises that you
do? (select which is
applicable to you)

Bodyweight Exercises (such as push-ups, sit-ups or
planking) (N=6)

Holistic Exercises (such as Pilates, Yoga, Tai Chi) (N=2)
Resistance Exercises (using free weights such as
dumbbells or resistance bands) (N=5)

Weight Machines (at home, in a gym or fitness centre)
(N=3)

Please provide any
suggestions you
have for improving
our workshop.

¢ Including a section on how to determine what your
own workout goals should be and knowing how
much weight/reps to start with would be really
helpful.

e Bringing a professional fitness person possibly to
explain the background to working with PT or gym
culture. My experience is good and possibly could
change some of the thought processes | heard.

e The people who attended were scared of the gym.
Arranging a voucher or optional date for a walk
around as a group might have helped them as a
follow-up.

e Just as a clarification. Since attending the workshop,
| got a gym membership and plan to do at least 2
sessions/day of strengthening per week (initially
through classes: resistance, bodyweight exercises;
and later using weight machines). Regarding the
workshop, | believe it was fabulous, and | will only
suggest that it last longer, so there is more time for
the activities/discussion (although | know there
could be time constraints from participants or
organisers).
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Appendix 5-A: Ethics Approval: WISH Trial

University
of Glasgow

Professor Stuart Gray
MVLS College Ethics Committee

A randomised plot feasbiity sl of & musde strangthening exercisa Intervention for women
200240060

The College Ethics Commitiee has reviewed your application and has agreed that there is no
abjection on ethical grounds 1o the study.

We are happy therefore to approve the project, subject lo the following conditions

* Progct end date 8s stipulated In anginal apphcation

» The data should be held securely for a period of ten years after the completion of the research
projact, or for longer if specified by the research funder or sponsor, In accordance with the
University's Code of Good Practice in Research:

{hixp ! Amediamedc

* The research should be carried out cnly an the sites, andlor groups or datasels as defined in the
application.

* Any propased changes In the protocol should be submitted for reassessment, excapt when & is
necessary to change the protocel to eliminale hazard fo the subjects or where the change
invalves cnly the adminstrative aspects of the project. The Ethics Committee should be informed

of any such changes.
*  You should submit a short and of study report within 3 months of complation,

Yours sincaraly

Dr Terry Quinn

Tarry Quinn
FWS0, FESO, MD. FRCP, I8Sc (hons), MBCHS (mons)

Colege of Medicine, Vatarinary & Life Sdences
School of Carchovascutar and Metatol: Mealty
Naw Lster Bulding, Clasgow Reyal Infirmary
Gosgow G 2ER

Tel - 0141 %1 9219

Tha University of Glasgow, chadty number SCO04401
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Appendix 5-B: Participant’s Information Sheet

Umversuy ‘ College of Medical,
@[ Glasgow | Veterinary & Life Sciences

1. Study title

A randomised pilot feasibility trial of a muscle strengthening exercise
intervention for women

We are a group of researchers from the University of Glasgow who are
interested in helping women to participate in muscle strengthening exercises.
We invite you to participate in our study to explore the acceptability and
effectiveness of our intervention. Before you decide, you need to understand
why this study is being done and what it will involve. Please take time to read
the following information and ask us if there is anything that is not clear or if
you would like more information.

2. What is the purpose of the study?

We previously explored the barriers and facilitators for women participating in
muscle strengthening exercises. Based on the information we gather, we have
created an intervention that we hope women find acceptable and something
they can do in the long term. Therefore, the study aims to see if you find the
intervention created acceptable and can fit into your daily schedule. We also
would like to investigate how the intervention can influence your body
composition and strength.

3. Why have I been invited to participate?

You have been invited to participate as you have indicated that you are woman,
aged between 18 to 45 years old, living in the Glasgow area and currently not
meeting the current government muscle strengthening activities guidelines of 2
days a week.

4. Do I have to take part?

No, it is up to you to decide whether to take part as participation in this study
is completely voluntary. If you do decide to take part, you are still free to
withdraw at any time without giving any reason. Participating in this study will
not affect your employment or standing.

5. What will happen to me if I take part?
This study will utilise the Randomised Controlled Trial (RCT) design.
Following completion of the baseline measurements, you will be randomly
assigned to either the control group or the intervention group.
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. What do I have to do?

Control Group
If you are in the control group, we will ask you to maintain your normal activity
levels for 24 weeks. On completion of the 24 weeks, we will give you a 12-
week University of Glasgow Sports gym membership.

Intervention Group
The overall aim of the intervention is for you to participate in muscle
strengthening exercises, of your choice, two days a week. These exercises can
include weight machine, resistance band and body weight resistance exercises,
alongside strength training classes such as yoga and body pump. The
intervention will begin with weekly education sessions over the first 4 weeks,
to help make sure you are confident and competent in performing exercises.
You will be given a gym membership for the 12-week intervention period and
asked to log all muscle strengthening exercises that you participate in.
Throughout the intervention, you will receive weekly support reminder
messages via WhatsApp from the research team, and we will also set up a social
support group on WhatsApp for the participants. Weekly group-based exercise
sessions with the researcher will also be offered to you; these will be optional.

The following data will be collected from all participants. All measures will be
collected at baseline, mid-intervention measurement (week 6), post-
intervention (week 12), and follow-up (week 24) except for follow-up
interview and you will be given an Amazon voucher worth £25 for every
measurement period you attend. Each test/measure is detailed further below.

During baseline measurement, we will ask you your age, postcode, ethnic
background, work situation, highest qualification completed, marital status, if
you are a caregiver and the rating of your health. Following this we will
measure your body composition where we will record your weight, height, fat
mass, fat percentages, muscle mass and muscle size.

Then, we will measure your strength using three strength tests which are
the grip strength test, back strength test and maximal voluntary contraction.
You will be shown how to perform the test by the research team before
performing it. You will be asked to do each test 3 times with rest in between
each attempt. The body composition and strength test will be conducted again
in week 6, 12 and 24.

If you are in the intervention group, there will be a follow-up interview during
the measurement visit on week 12 and 24 to discuss your experiences and
feedback on the intervention.

Data will be collected from the strength test and body composition test (both
groups), interview and training log (intervention group only). You will be asked
to attend 4 measurement sessions throughout the 24 weeks study duration and
each measurement session is about 2 hours. Each test/measure is detailed
further below.

Body Composition: Your height and body mass will be collected using a
stadiometer and digital weight scale. Your body mass index (BMI) will be
calculated using the BMI formula (BMI=kg/m?). Your lean muscle mass, fat
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mass, muscle mass and body fat percentages will be taken using a segmental
body composition analyser. Your vastus lateralis muscle thickness will be
measured using a small handheld ultrasound device.

Strength Tests.

e Grip strength: This test will be conducted using a handgrip dynamometer
where you will be asked to squeeze the handgrip dynamometer with as
much force as possible. You will be asked to perform this test 3 times for
each hand and with rest in between each attempt.

e Back strength: This test will be conducted using a back dynamometer. You
will be asked to stand on the base with your feet shoulder feet apart,
bending your knee slightly and hold the handle with both hands. You will
have to keep your back straight and pull upwards. This test will be
repeated 3 times with rest in between each attempt.

o maximal voluntary contraction (MVC): You will be asked to sit in a chair
with your legs at 90-degree angle. A strap around will be placed around
the right ankle which will be connected to a force transducer. You will be
asked to contract maximally with the leg fixed in position and record force
for 10 seconds. You will perform 3 contractions, with 1 minute rest
between contraction.

Training Log: 1f you are in the intervention group, you will be provided with a
training log where we will ask you to record every muscle strengthening
exercise that you do. The log will contain sections on the day, date, time, type
of activity, perceived exertion, set, repetitions and load where required. You
will be asked to complete this in as much detail as possible throughout the 24
weeks.

Follow-up Interview: if you are in the intervention group, you will have a
follow-up interview at post-intervention and follow-up visits. The interview
will last around 60 minutes and will further explore the acceptability and
feasibility of the intervention and testing protocols, asking questions about
barriers to participation. The interview will include people who completed the
whole intervention and also those who dropped out of the intervention (where
possible). These interview sessions will be audio-recorded for analysis
purposes and be transcribed word by word. All transcripts will be checked
against the original recording. Once this is complete, audio files will be deleted.

. What are the possible disadvantages and risks of taking part?

Exercises will be at a submaximal level at most points in the study depending
on the type of exercises participated but there is the possibility the participants
in the intervention group will suffer from acute muscle soreness a day or two
after performing the exercises. This condition is called Delay Onset Muscle
Soreness and is a normal and short-lived feeling. There is also the potential for
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musculoskeletal injury, although this risk is small and will be minimized by
performing a warm up and cool down. If you experience any unusual sensations
in your chest, feel unwell or do not want to continue for any other reason during
exercise you should cease exercising immediately.

8. What are the possible benefits of taking part?
Participating in muscle strengthening exercises is beneficial for our
health. The results from this study will provide evidence of the benefits of
this sort of intervention for women’s participation in muscle
strengthening exercises which is essential given that women are still
participating in less muscle strengthening exercises compared to men. A
£25 Amazon voucher will be provided for every measurement visit that
you attend.

9. Will my taking part in this study be kept confidential?
Yes. All information which is collected about you during the course of the
research will be kept strictly confidential. Your data will be anonymised in any
outputs produce with a number allocated to the data and not your name or
contact details.

10. What will happen to my data?
Researchers from the University of Glasgow collect, store, and process all
personal information in accordance with The General Data Protection
Regulation (2018). The data will be stored in archiving facilities in line with
the University of Glasgow retention policy of up to 10 years. After this period,
further retention may be agreed, or your data will be securely destroyed in
accordance with the relevant standard procedures. Your rights to access,
change, or move the information we store may be limited, as we need to manage
your information in specific ways for the research to be reliable and accurate.
If you withdraw from the study, we will keep the information about you that
we already obtained. To safeguard your rights, we will use the minimum
personally identifiable information possible. You can find out more about how
we use your information from the researcher (n.rosaini.l @research.gla.ac.uk).

11. What will happen to the results of the research study?
The findings from this research project will contribute to the principal
researcher’s (Nur Dania Rosaini) PhD project. The research team would also
seek to publish the findings in journals and present the data at conferences. You
will not be identified by name in any publications. Please let the research team
know if you would like a copy of the published results.

12. Who is organising and funding the research?
The work is organised by Ms Nur Dania Rosaini, Dr Gemma Ryde, Professor
Stuart Gray and in the School of Cardiovascular and Metabolic Health at the
University of Glasgow. This work is funded by Majlis Amanah Rakyat
Malaysia (MARA), a studentship to Ms Nur Dania Rosaini.

13. Who has reviewed the study?
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14.

This study has been reviewed and approved by the College of Medical,
Veterinary and Life Sciences Ethics Committee at the University of Glasgow.

Contact for Further Information
If you have any doubts or questions, please contact one of the investigators
below:

Principal Researcher
Nur Dania Rosaini
Email: n.rosaini.1@research.gla.ac.uk

Supervisor

Professor Stuart Gray

Email: stuart.gray@glasgow.ac.uk
Dr Gemma Ryde

Email: gemma.ryde@glasgow.ac.uk

Thank you for reading the Information Sheet



mailto:n.rosaini.1@research.gla.ac.uk
mailto:stuart.gray@glasgow.ac.uk
mailto:gemma.ryde@glasgow.ac.uk
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Appendix 5-C: Consent Form

Unlver81ty ‘ College of Medical,
Of Glasgow Veterlnary & Life Sciences

Participant Identification
Number:

Title of Project: A randomised pilot feasibility trial of a muscle strengthening
exercise intervention for women

Name of Nur Dania Rosaini, Dr Gemma Ryde, Professor Stuart
Researcher(s): Gray
CONSENT FORM Please
initial
box

I confirm that | have read and understood the Participant
Information Sheet version V.0.2 dated 19/11/2024.

I confirm that | have read and understood the Privacy Notice
version 00002 dated 19/11/2024.

| have had the opportunity to think about the information and ask
questions and understand the answers | have been given.

| understand that my participation is voluntary and that | am free
to withdraw at any time, without giving any reason, without my
legal rights being affected.

I confirm that | agree to the way my data will be collected and
processed and that data will be stored for up to 10 years in
University archiving facilities in accordance with relevant Data
Protection policies and regulations.

| understand that all data and information | provide will be kept
confidential and will be seen only by study researchers and
regulators whose job it is to check the work of researchers.

| agree that my name, contact details and data described in the
information sheet will be kept for the purposes of this research
project.

| understand that if | withdraw from the study, my data collected
up to that point will be retained and used for the remainder of the
study.

| agree to my interview being audio-recorded.
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| understand that the recorded interview will be transcribed word
by word and will be checked against the original recording and
deleted once it's done and the transcription will be stored for up
to 10 years in University archiving facilities in accordance with
Data Protection policies and regulations.

| understand that the information and things that | say in an
interview may be quoted in reports and articles that are published
about the study, but my name or anything else that could tell
people who | am will not be revealed.

| agree to take part in the study.

Name of participant Date Signature

Name of Person taking consent Date Signature
(if different from researcher)

Researcher Date Signature

(1 copy for participant; 1 copy for researcher)
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Appendix 5-D: Recruitment Poster
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] College of Medical,
of Glasgow

Veterinary & Life Sciences
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A randomised pilot feasibility trial of a muscle
strengthening exercise intervention for women

Have you ever wanted to :arﬁcipate in
muscle stren?fhenin? but don’t know how
or where to sfart? Join our 24 weeks study

to begin your muscle strengthening
adventure!

open to women aged 18-45 who are living in Glasgow

and gren't yet engaging in twice-weekly muscle
strongﬁsenlng.

What is offered in this study? m
/O x ™ : .

-

* FREE 12-weeks gym membership

* £25 Amazon vouchers for
attending each measurement
visits (4 visits to the lab)

* Body composition analysis

* Strength measurements

* and many more...

For more information, please contact:

Nur Dania Rosaini
nrosainl M researchgln ac uk
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PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone
The Bealth Benefts of regulat physical activity are dear; more peapie should engage in physical activity ewery diry of the week. Participating n
physcal actvity b very safle for MOST peaple. This questionnare will tell you whether £ s necessary So0 you 50 seek further 28vice hom your doctor
Of & qualfed exerchie professionyl Before Decoming mone physically active.

GENERAL HEALTH QUESTIONS

Please read the 7 questions below carefully and answer each one honestly: check YES or NO.

1) Has your doctor ever said that you have a heart condition [J OR high blood pressure(D?

2) Do you feel pain in your chest at rest, during your daily activities of living, OR when you do
physical activity?

) Do you kose balance because of dizziness OR have you lost consciousness in the last 12 months?
Please answer NO i your dznness was astocaned with over-breathing (Inchuding duning vigonows exercivel

4) Have you ever been diagnosed with another chronic medical condtion (other than heart dsease
or high blood pressure)? PLEASE LIST CONDITION(S) HERE:

$) Are you currently taking prescribed medications for a chronic medical condition?
PLEAST LIST CONDITION(S) AND MEDICATIONS MERE:

6) Do you currently have (or have had within the past 12 months) a bone, joint, or soft tissue
(muscle, ligament, or tendon) problem that could be made worse by becoming mere physically

ACHVET Ploase anwwet NO I you had 3 problen in the pust, bt & does not lleit your cumment ability 10 be phyvcally xtive
PLEASE LIST CONDITION(S) HERE:

O o lolololo|o]g

7) Mas your doctor ever sald that you shoukd only do medically supervised physical activity?

/|0 O |[0j0o|0|0|0|%

ilmMMh‘thMymelumm
Please sign the PARTICIPANT DECLARATION. You do not need to complete Pages 2 and 3.
S50t Decoming much more physically active = start slowdy and buld up gradualy

Follow Global Phaysical ACtaity Gusdelnes for your age M. Swww wiho il pubicatiors \Vitenv 78924001 51 280
You may take Sart in & heath and Mtneds apprasal

I yous are cwet the of 45 yr and NOT acoustonmed 1o reguld vigorows 10 manimal oot enercie, Corsult 2 qualihed exercise
prolesionyd bom'::qomnmmm dtu«m.o

W you harve arvy Aurther Questons, CONtact 3 QuAified eserdise professonal

PARTICIPANT DECLARATION
¥ you are less than the logal age sequised for o requise the assert of a care providet. your parest, guardan or cane provider mest
o won tha form

L the undersgred, have read. understoad to my ful satisf action and completed ths questionasire lmmmemd-ﬁm
dedrance is wabd foe 2 madrmum of 12 manthd from the dite £ i completed and becomes invald ¥ my condition changed. | alse

e that the communityilneis center may retan a copry of s form for its reconds. In thewe nutances, it will maietan the
condden of the same. complying wih apphcabie law

NAME DATE

SIGNATURE WITNESS

SIGNATURE OF PARENT/GLWEDIAN'CARE PROVIDER

@ If you answered YES to one or more of the questions above, COMPLETE PAGES 2 AND 3.

‘Mybowmh.mm"' h
You ace cumently expeciencing 3 Sempotary lness, 1uch as 5 Coid or Sever. It 15 Dot 1O walt until you feel Better.
mvoywmu I Thid Case H\ wc&‘mw m«w'mmwdﬂmma(mm
Vwm‘hmmmu '%mdm o4 Mvmmywhwxf«unmcm.m)

Coppaght © 2029 PARO« Colibmeten 1 / 4
0101004
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FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION(S)
Do you have Arthritls, Osteoporosts, or Back Problems?

¥ the above condition(y) inface preient, anywer questions 1a-1¢ I”Owwwhu
la Do have dficuity conmaling CONDLON WIth MediCations of other physican-gresaribed ther, 4 vis() wo
m”lm‘:zmcuwm,tmmmamnm - 0 w0
% Do have jont problems causng omﬂﬁm'wbﬂwmm SHIROPOIDLS OF CANCeY,
&o’lob(udmw.ko. W’wsmczunhwm'monm ws() w0
Back of the spinal column)?
13 Mave you had stercid inpections of talken werckd tablets regularly for mose than 3 moneha? vis() w0
2 Do you currently have Cancer of any kind?
If the above conton|s) K/are present, answer questions 2a-2b I“Ow\ow)
el Does your cancer diagnoss indhede any of ™he following types Deonchogenic, mudtiple myeloma (cancer of
platma celiil head and/or nech? hny "‘0 ”0
) Are you curmently recening cancer Sherapy (such a5 chematheraphy or radiotherapy!? vis() w0

w

Do you have a Heart or Cardiovascutar Condition? Thils Includes Coronary Artery Disease, Heart Fallure,
Diagnosed Abncemality

of Hoart Revythen
¥ the above conditionds) is/ace present, answer Quastions 3a-3d lnoooloaml
3 Do you have dificalty controliing condtion with medications or other physican-prescribed ther ? vis() wo
u&“lmﬁm< tabing medations of other eatmenty) o 0 =0
» Do you have a5 irreguiar heart Beat that reguires medical management? vis() w0
(0.5, stral fisrllation, premature vertricular contraction)
3 Do you have chronic heart falure? ves() w0
3a Do you Wcm a (cardiovasculs) duease and have not par ated in regular phyvical
Manmm:w yony s ves() w0
4 Do you currently have High Blood Pressure?
¥ the above condition(y) inface present, anywer questions 4a-4b I”Doowums
4L Oo have difcuity controlbng CONABOn with medCations o other physcian- prescrbed therapies?
wmnlm‘gmcu Mm«:ﬁmwmum mo noo
4b 0o you have 3 resting blood pressare equal 8o or greater Than 160/90 manig with or methout medication)
m'lmmmmmmuo;mnl '“0 uoo
5 Do you have any Metabolic Conditions? This Includes Type 1 Diabetes, Type 2 Diabetes, Pre-Disbetes
¥ the above condition(s] inface present, answer questions Sa-Se IﬂOoo!oqmo
o Dowahthanwade-ﬁMWguo’aMw visO) w0
PrescrSed thevapies
. Do you often suffer from signs mwymdmm (Wmllolmmmmm
M\gmdwww ness, nervosaness, unssul irtabley, — ves() wo 0
pweating, dzaness or Bght-he torﬁlla\aﬁnty weaknest, o deepinens
Do have o sympnond of diabetes Complications sech as heart or vascular diedse and/or
mf!::um w your eyes, Kidneyi, OR the 0raation in your toes and h'n v w0

Do you have other metabolic conditions (such as Current pregnancy related dabetes, vonic idney dsease. of
Iver probieral? vsQ w0

Are you plarning 10 engage n what for you i unusually high (or vigorow] ntensty exerciue in the rea fiture! iSO w00

Copyrght © 2005 PARO+ Colbonsson 2 / 4
01112004
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6. Do you have any Mental Health Probllems or Leaming Dificulities? This incdludes Alzheimers, Dementia,
Depression, Anxiety Disorder, Eating Disorder, Psychotic Disosder, intellectual Disability, Down Syndrome
¥ the above conditionds] /e present. answer questions ta4b lnDootoquesbon?
~ Do you have GiMOuity COMtrolng your Condtion with medations o other physiian-prescribed therapees? mo mo
{Arawer MO # you are not currently talung medications of othet bestments)
“w Do you have Down Syndrome AND back problerms aMecting nerves or mescies? s w0
7. Do you have a Resplratory Disease? /s inchudes Chvomie Obstructive Pulmonary [Nsease, Asthma,
Pulmonary High Biood Pressure
I the above condion(s) Is/are present, answer questions 7a-7d lnowbmnbonu
7a Do you have dcuity controling your condBon with medications or other phyucun-prescnbed therapley! mo .oo
(Answer N0 f you are not cumendy taking medCations o other treatments)
™ Has pout dO0Nr ever said your Blood cxygen level is low at rest ¢ during exercise and/or that you require '“D “00
sugplemental axygen herapy?
3 ¥ sathmatic, do you cutrently have symptoms of chest tightneis, wheezing, laboured breathing, coraitent cough wsO) w0
(more than 2 dayvweek), or hive you used your rescue medicalion mone than bwice i the Lint weel?
M Has your doctor ewer snd you have high Blood presiure in the blood visels of your lunga? ws) weD
a Do you have a Spinal Cord Injury? /s includes Tetraplegia and Parapleglo
I the above condion(s) ivare present, anmwer Guestions fa-8 lﬂOqoloqnmhono
s Do you have SMculty contsolbng yout COndBon with meScations o other physican-prescnbed therapies? “’D '°D
(Anpwer W0 # you ace not cumently taking medications or cther treatmenty)
an Do Pelet low resting blood " L) duz
n&":lm“ "~y pressure signitant encugh 1o Cause ness, bght-headedness, '“O "°D
L 3 Nnmp:]?wmr«mmumnhu widen bouts of hgh blood presuure (nown o Autonomic -,0 WD
L Have you had a Stroka? T/vs inchudes Transint bchemic Attack (TIA) or Cenebrovascedar Event
I the above condion(s) Is/are present, answer Guestions 9a-9%¢ "‘Dooloqmm 0
% Do you have dfculty conoling your condBon with meacations o other physican-prescribed therapies?
(Answer NO f you ate not Cumerily Taking medhCations o other reatments) ws() wo D
o Do you hawe sy impairment in walling or mobity* -‘0 ”D
9 Hive you esperienced 2 sUoke Of IMOarment in nerves Of Musdes in the past 6 months? '“O "°D
10. Do you have any other medical condition not listed above or do you have two or more medical conditions?
I you have other medical condtions, answer questions 10a-10c l”DMlMPmlo«omm
100 Have experienced a blackout, fainted, of lont coraciouiness o  result of & head injury within the last 12 "D mD
months OR have you had a Sagnomed CoONCuEMon within the Lt 12 months !
120 Do you have a medical condition that is net listed (sudh s eplepay, neurclogical conditions, kidney protlers)? WS mo D
1% D0 you currently bve with two or more medical condiions? ws(D wo (D
PLEASE LIST YOUR MEDICAL CONDITION(S)
AND ANY RELATED MEDSCATIONS MERE:

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.

Copyrght © 2004 PARO+ Colbonmon 3/ 4
20112004
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PAR-Q+

w‘muddmwmmm m w )

It is advised tha exeecise professional to develop a safe and effective physical
xlnﬂyphnlommyowhm#m Py P

@ Youare encour to start and build up gradually - 20 to 60 minutes of low 10 moderate intensity exercse,
3.5 days per including and musche strengthening exercises.

©  Asyou progeess, you should alm to accumulate 150 minutes or mone of moderate intenaity physical activity per week.
If you are over the dASwMMa«\mom.dtom 10 maximal effort exercise, consult a

ko quakfed exercise Defore engaging in ths intenaity of exprcise, )

@ 'f you answered YES to one or more of the follow-up questions about your medical condition:
You should weet further information before Becoming mone physically active or engaging in a Stness appraisal. You thould complete
the 1pecialy desgred onkne sreenng and exertse secommendstiond program - the ePARmed-X+¢ ot wenmeparmedie.com ans oo
Vist 3 quaified exevcise professional 1o work thiough the ePARmed- X+ and for further informaton

(A Delay becoming more active if: A
& You are cursently experiencng a temporary diness, such as a cold or fever. It is best to walt untd you feel better.

o You are pregnant. In this case, talk to your health care itioner, physician, qualfied exercie professional,
Y anvdlor complete the ePARMed- X+ at mwmw becoming mare physically active.

J mem”wm(nwxm physiclan, or qualified exercise professional before
\'- continuing with any activity program. )

@ You ave encouraged to photocopy the PAR-Q+. You must use the entire questionnaire and NO changes are permitted.

® The athors, the PAR-Q+ Collaboration, parteaer organizations, and thek agents assume no Rability foe persons who
undertake physical activity and/or make use of the PAR-Q+ or ePARmed- X +. If in doubt after completing the questionnaire,
consult your doctor prior to physical activity,

PARTICIPANT DECLARATION
© All persces who have completed the PAR-Q+ please read and sign the declaration below

@ If you are less than the legal age requaired for consent o reguine the assent of a care peovides, your pasent, guardian or Care
provider must also sign this form.

L the undersigned. have read, understood to my full satisfaction and completed this questionnaire. | acknowledge
that thes physical activity cearance is valid for a maximum of 12 months from the date it is completed and becomes
invalid ¥ mry condition changes. | also acknowledge that the community itness center may retain a copy of this

form for recoeds. In these instances, # will m the confidentiality of the same, complying with apphcable law
NAME DWIE
SQGNATURE WITNESS

SIGNATURE OF PARENT/GUARDIAN/CARE PROVIDER

Fﬂ“.m*mml Thee PAR-CUv s crmaliend vaireg Dhe evaivnce tuse] KAEE pron et |1 )by Be PAROe
www.aparmede.com Collabnamon hawedity Ox Duwen §. R Warturion wih [ Norman Gledvll, Ox Veonca
purerp. “““m' Aals, ot Ox Diownabd C MK 20 Prodied tion of B S0 wmnt has bwn e posbie
Pt DAL Arva V8 Bt T ol Sl % o bedel o P P08 O Collubon samn eough fruncul contrbusont Som e Putilc Mealh Ageacy of Canada and e IC Mnsyy
L e R T Y OF Nl v The s euprethed Resesn 30 A0 rwsc ey rpmeswnt e sows of e
Pubic Hodtth Agency of Canachs or the BC Mirssry of Mesith Servicet.
LT R, Wi D, M L MO O WA B 100ne J ael Undl X AWanong L L v BN S M procmL NP O SR AT 0L

1 et DL Gadnd % el A, Bt 50 Wchte 7 Sone L Ohatammart . it Shaph it L) Badenos bt sl mmenment i sammesirton S Physcs acemy raamncn (e Joosmet AW
WA AN A

L Ot S0, (e WU, ot &, Smanpet B od e X P ooty wadve, Db Caueda Boded mema WA CEN LN

A Durn \ fenlivg L o Mephad B bt I T Pyt ATaS Saabimn Duediintame M0 -0 Caradian sl of o Wmeas THL e L e

Copyrght © 2005 PARO Colvbonmon 4/ 4
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Appendix 5-F: Trial Registration

ClinicalTrials.gov PRS

Provecol Reguateaarion avad Keandis Syatem

ClinicalTrials, gov Protocol Regstration and Results System (PRS) Receipt

Study Identification

Unique Prolocol ID:
Brief Titke:

Oftcal Titke:

Secondary IDs:

Study Status
Record Verfication:
Owerall Status:
Stady Start
Primary Complation:
Study Complation:

Sponsor/Collaborators
Sponsor:
Responsible Party:

Oversight
U.S FOA-reguisted Drug
U.S. FDA-regulated Devioe:
US FDA INDVIDE:
Human Subjocts Review:

Release Date: Wiy 23, 2025
ClinicalTrials, gov ID: NCT070953522

WsH

Investigating the Feasibilty and Acceptabiity of Co-created Inlervention to
Improve Women's Partopation in Muscle-strengthening Exercises { WISH )

Wiomen in Strength: A Randomised Pilot Feasibiity Trial of a Musde
Strengthening Exercise Infervention for Women

July 2025

Completed

Decermber 4, 2024 [Achual]
July 7, 2025 jActual]

July 7, 2025 [Ackus|

Universiy of Glasgow
Principsl Investgaior
r. Stuart Gray [SGeary]
Offcal Titke: Professor Swant Geay
Afflation: University of Glasgow

No
No
No

Board Status: Approved
Approval Number: 200240060
Board Name: College of Medical, Veterinary and Life Sciences
Board Afilaton: University of Glasgow
Phone
Email: RescarchEthicSystem i glasgow.ac.uk
Address:

-Paga ity -
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University of Glasgow, G12 800
Dats Moriloring: Yes

Study Description

Brief Summary. This study wil utiiss the Randomised Controlled Trial (RCT) design. Fallowing
completon of e basalne messurements, parfcpants wil be randomly
assigned to ather the control group or the intervention group.

Control Group Conmrol group will be asked % mantain nomal activity lavels
for 24 wueks, On compiation of the 24 weeks, 12-week University of Glasgow
Sports gym membership will be given.

Intsrvertion Group The oweral sim of the inlervention is for participsnts to
paricipste in musde sirangthening exercses, of choce, two days & week.
Trese exercses can include weight machine, resistance band and body weight
resistancs sxnrcises, alongsde strength Faring classas such as yogs and
body pump. The inlervention wil begin with weekly sducation sessions over
the first & wooks, to help make sure paridipants are confident and compatent in
pearforming exercises, Participants wil be given & gym mambership for e 12-
weak inlsrvention parod and ssked 1 log all muscle strengthaning axercisas
that participants participate in. Throughout the intervention, participants will
recaive weekly support reminder messages vis WhatsApp fom the meesarch
team, and resesrchar wil 350 sl up a social support group on WhatsApe for
the participants. Weekly group-based exercise sessions with the researcher wil
also be offered 1o the paricipants; hese wil be opfonsl.

The folowing dats will be collecled from sl particpants. Al measures wil be
colected at baseline, midintervention measuremant (week 6), postintervention
(woek 12}, and folow-up (week 24) axcapl for follow-up inlerview and
participants will be given an Amszon voucher worth £25 for every measurement
perod attend. Each testmeasure is detalied further Delow.

During basseine measurement, ressarcher wil ask the participants on theer
age, posicode, sihnic background, work situston, lighest quaifcstion
compieted, mariial status, caregiver or not and the ratng of health. Fallowing
this researchar wil measurs parfopants’ body composition whare the weght,
haight, fal mass, fal peecentages, musde mass and musde size wil be
recorded.

Muscular strangth wik be measured using three strength lests which are the gip
sirangth test, back strength test and maximal voluntary conraction. Participants
wil be shown how to perform the test by the research team before performing
it Participants will be asked %o do aach test 3 tmes with rest in between sach
attampt. The body composition and strength lest will be conducted agsn n
week 6, 12 and 24,

Intnrvertion group wil be involved n 3 folow-up inlerview during the

massuremant visil on week 12 and 24 (o discuss the experiences and feadback
on the intervention with ™e researchars.

Dulsied Description:
Conditions
Conditons: Physical Activities
Exnrcisn

Muscular Strength
Healty Women

- Paga2als -
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Study Design

Study Type: Intervertions!
Frimary Purpose: Prevention
Shudy Phass: NA
Interventional Saudy Modet FParaliel Assignmant
Number of Arms: 2
Masiing Ncne (Open Labal)
Alocations Randomized
Envolment 31 [Actual)

Arms and Interventions

Ams
No Iintervenson: Control
Reerasin usust sctivity el
Expecmantst Intervention
Paridpated in e co-created intervenson

Assigned interventons

Behaviorst: Srength Education Session
Strength education session given at the frst 4
weeks of intervention to educate women on muscle-
shranghening exercises
Ofher Names:
* Education
Behavioral: Gym Membaership
12 woeks gym membenship fo allow participant (o go
to the gym on thek own
Ofer Names:
= Gym Membership
Behaviorall Group Exercise Session

Opfony axercise sassions from week 4 %o week 12 of
the intervenson If the parscipants want %0 join

Omer Names:

= Exercise session
Behaviorst: Training Log
To record the exercse done for 24 weeks duration.
Consist of date, day, exercise, sel, repettions, load,
RPE
Ofher Names:
* Log
Behavioral: Support group
For reminders and support for the parscipant for he
first 12 woesks of inlervention

Oter Names:

- Pagadals -
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Arms Assigned interventons
* Support group

Outcome Measures
Primary Outcome Messure:

1. Imerview with researcher on $e fessibity and accapiatilly of the co-crasied inlervention.
Participants is invited to an interview with the researcher o discuss their opinion of the intervenson compaonent and If &
has helps them to start and continue participating in musdle-srengthening exercises. Interview conducted at two time
point waek 12 and week 24 Inlarvew wil be conducied sither in-pamson or onkne through Microsoft Tesms and wil be
audio recorded for analysis pUrpose.

[Time Frame: Week 12 (post intervention) - how they Tind the intervention Woek 24 (follow up) - 10 see If they sul
corfinue paricpaing n musch-siranghening exercises, wers There any challenges and whal hiss helped $hem|
Secondary Ouicome Measure:

2 Kowe Extonsor Strangth
Knee extensor maximal forque during isometric MVC

[Time Frame: changes from baseline to woek 5, 12 and 24]

3. Grp Svengh
massured wa handgnp dynamomeler

[Time Frame: Changes from baselne % week 6, 12 and 24]

4. Back Strangth
massured va back strangth dynsmomeler

[Time Frame: Changes from baseine %o week 6, 12 and 24|

5. Vastus lnlersbs muscle thickness
measured via ulrasound

[Time Frame: Changes from baseine %o week 6, 12 and 24|

6. Height
Height recorded using a stadiomeler in centmetre at the beginning of the study.

[Time Frame: Recorded at baselne (Week Q)]

Bodyweight

Changes in bodyweight. recorded in klogram. Messured vis body composition snalyser

[Time Frame: Changes from baselne % week 6, and 24)

2. Body Mass Index (BMI)

Wil be calodsted from the bodyweighl {in kiogeam) and height (in meter) according to the B formuls (kgim*2).
[Time Frame: Changes from baseine %o week 6, 12, and 24]

9. Bogy Fal Mass
Changes in body fat mass, recorded in kilogram. Measured va body composiion analysor

[Time Frame: Changes from baselne o week 6, 12 and 24 )

10. Body Fat Parcertages
Changes in bedy fat percentage, recorded in percentage. Measured via body composition analyser

[Time Frame: Changes from baselne % week 6, 12, and 24]

11. Fat Froe Mass
Changes in fat free mass. recorded in Klogram. Messured vis body composiion analyser

[Time Frame: Changes from baselne %o week 6, 12, and 24)

- Pagadals -
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+ not currenty achieving the govemnment recommendation of 2 days a week

« did not pass the Physical Activity Readness Questionnaire for Everyone

* cumrently pregnant, planning to get pregnant within ?e next & months or in

Stusrt Gray Dgasgow.ac uk

Eligibility
Mnimum Age: 18 Years
Mazimum Age: 45 Years
Saex Female
Gonder Basedt Yes
Female
Accepts Heakthy Volunteers: Yes
Criteris Inclusion Critens:
« female
* batwwan 18-45 years okd
* Iving in Glasgow ares
of muscia-sirangihening achvities
Exchmsion Criteris
(PAR-C+)
* have blood pressure > 15080 mmhg
post-partum pariod in the past § months
* have inlelleciusy disatelties
Contacts/Locations
Caniral Contact Persors Stusrt Gray
Temphone
Email: Stuart. Gray@glasgow.ac uk
Cental Contact Backup:
Study Offcials:
Lecstons United Kingdom
Universiy of Glasgow
Glasgow, United Kingdom, G12 *0Q
Contact Stuant Gewy
IPDSharing
Flan % Share IFD:
References
Citatons:
Links:

Avalable IPDVInformation:

- PagaSals -




248
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WHAT 1S RESISTANCE TRAINING?

Resistance training is a form of exercise where you use your
muscles to push, pull, or lift against something heavier, like
weights or your body weight. When this is performed
regularly, your muscles get stronger over time.

WHAT ARE THE BENEFITS OF
RESISTANCE TRAINING?

It is well established that resistance training offers numerous
benefits for our health. Here is some scientific evidence
supporting the effects of resistance training:

REDVUCE THE RISK OF MORTALITY REDUCE THE RISK OF FRAILTY AND FALLING

20% risk of all causes of death sufficient muscle ning
32% risk of death from cancer exercises = good muscle aging
Stervatoks o ol 208 [Sheltcn o ol 2048)

REDUCE RISK OF T20M AND CVD IMPROVE MENTAL HEALTH

* 30% risk of type 2 dicbetes mellitus ‘ anxiety and depression
17% risk of cardiovascular diseases symptoms
{Shiscrno o ol 2007) shaccos st al 2025

IMPROVE METABOLIC BIOMARKERS

IMPROVE MENOPAUSE SYMPTOMS

blood pressures, resting heart improvement in Ivlc floor and leg

rate, fasted glucose and insulin, J strongth, bone ““fY' motol;olnsm

total cholesterol & triglycerides and hormone changes & hot flushes
(Aghoon ot 2l 208) (Conel Alcaraz o2 ol 2023
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MYTH BUSTING TIME!

“If you do this, you will be big,

bulky, like the male bodybuilder!”

ANSWER!

This is @ myth! Women will not get bulky when they do strength
training unless they specifically train to be bodybuilders!
Women's bodies produce, on average, 15 to 20 times less
testosterone than men's, and as one of the functions of
testosterone is for muscle growth, women's muscles will not grow
as big as men'’s,

“You will get injured and even
worse you can break a bone!”

ANSWER:

This is a myth. As explained in the benefits section, resistance
training can reduce the risk of frailty and falls. It also improves
your bone mineral density. As we age, we naturally lose bone
mass, which can lead to conditions such as osteoporosis.
Incorporating strength training into your routine can stimulate
bone growth and slow down this r:ss, ultimately leading to
stronger and healthier bones.
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WHAT TERMS ARE VSVALLY
ASSOCIATED WITH RESISTANCE
TRAINING?

FREQUENCY Number of days per week for an exercise.

How hard your body works during exercise
or how heavy a load you carry. This is
usually m:osured b{ self-reporbf:;g y;);n
perceived exertion (see more below) for

INTENSITY exercises using bodyweight and
resistance bands, and as a percentage of
the maximum weight you can lift for
exercise using weights.

Duration or length of time spent doing an
exercise.

TIME
TYPE The type of exercise done.

The amount of work done in a session
VOLUME (set x reps x intensity or load).
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Gradually increasing the volume of an

PROGRESSION
OVERLOAD

exercise. There are different ways to do
this: increase load (resistance), increase
repetitions or adjust speed or rest period.

EXAMPLE OF DOING PROGRESSION OVERLOAD

—BIN——

INCREASING FREQUENCY
OVERTIME k

wr 1 commiETt stsnions of RY

w2 compiiTt 2 SESLIONSE of RY

we X (Dﬂ'\(" 3 SESHIONS of &Y

w4 COMPLETE 3 stsmions of LA

wK % compiiTt & sespons of »f

we i compLiTe & 1LssroNs of o

INTENS(TY OVERTIM

W squar Wil W0xg whigur
W T squar Wil 10xg whiGur
Wk 3 1ovar LIS H) G wi
W 4 1Guar Wit 12506 wElegmr
W 5 1quar wWifw 1xg wWEhiGmr

W 6 squAr WITH MNag whigur

1 3strs OfF © REPETITIONS
e

P siTs of & I("'IVION\
*

) PO R AL of 8 SLPETITIONS
o skrs of & wIPETITIONS

- e . w .(pu.noiﬂ

s of
i 33 88

& ) s of W -l'lhnoui
we &

*RT - rosistonce Foinng

SET

The number of times
repeoﬁn? a particular
number of repetitions of
the exercise.

LOAD

The amount of wseeight or
resistance u

REPETITIONS

The number of times a
single exercise is
performed in one set.

REST

The time taken to recover
between sets or
exercises.
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RATE OF PERCEIVED EXERTION

The Rate of Perceived Exertion scale refers to how you feel about
your level of effort, strain, discomfort, and /or fatigue during an
exercise. You can use the scale below to describe how your body
feels during each of the exercises that you do. If you feel that the
exercise is:

« Extremely Easy: rate this as number 0.

» Extremely Hard: rate this as number 10.

* Somewhere between extremely easy (0) and extremely

hard (10): rate this as any number between 0 and 10.

There are no right or wrong numbers. Use the words below to help
select the numbers to describe how you feel when performing an
exercise, this is often use during bon?veighf or resistance band
exercises to make sure you are working hard enough.

RESISTANCE TRAINING SYSTEM

TYPE DEFINITION

Single set Performing one set of each exercise.

Multiple set Performing multiple sets for each exercise.

Performing a series of exercises, one after the other, with

Circuit training minimol rest

A resistance training routine that trains different body
Split routine parts on separate days (i.e., upperflower body split,
push/pull split).
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QM U

to prepare you mentally and physically for the

§ Warm-up is done for 5 to 10 minutes before exercising
3

exercise that you are about to do. It will increase your
body temperature, heart rate, and circulation and
prepare the muscles for the movement. For resistance
training, the usual warm-up activities include light
cardio, active or dynamic stretches and mob&ﬂy

exercises.

This stretch involves
moving the joint into a
range of motion.

1 to 3 sets, hold each
stretch for about 110 2
seconds and repeat for 5
to 10 repetitions.

This stretch usually
mimic the movement
used during the
exercise.

1 set, 10 to 15 repetitions, 3
to 10 exercises.

¢00¢

9

Cool down is done for around 5 minutes after
completing your exercise session to help relax, improve

your flexibility and slow down your heart rate. The usual

cool-down activity is static stretching.

o
£

§

This stretch involves
Static passively stretch the
stretching | muscle o the point of
tension.

1 to 3 sets, and hold each
stretch for about 30
seconds.

10
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Proper preparation of your body can help reduce

3 muscle soreness after exercise. The term
- w commonly used for this soreness in the context of
w exercise is delayed onset muscle soreness. This
w refers to the muscle ache or pain that typically
=z occurs 24 to 72 hours after exercise. Even
(@) L4 experienced exercisers can experience soreness,

o though the intensity of the soreness often
a v) decreases over time as their bodies adapt.
>W To minimise the severity of any
<< soreness, it's important to
oV progress slowly when starting a
wv new exercise program or
Q> routine. Allowing your muscles

time to adapt to the stress and

ensuring sufficient recovery
time (2 to 3 days) reduces the
severity of soreness. /

o
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BODY PARTS

 CORE
upper lower
back back

hamstring

\
)

s|puIWOpPgD
‘sJap|Noys ‘swip

AQOg ¥3ddn

$102 "yBiyy ‘diy

12
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MUSCLE NAMES

The muscular system consists of more intricate names, as muscles are organized
in layers. The terms provided represent the general classifications of the muscles
in a specific area.

Pectoralis Major

Deltoid =

Biceps

Brachioradialis

Abdominals

Quadriceps

Tibialis Anterior

ANTERIOR (FRONT) VIEW

13
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MUSCLE NAMES

The muscular system consists of more intricate names, as muscles are organized
in layers. The terms provided represent the general classifications of the muscles
in a specific area.

Trapezius

Tricep

Latissimus Dorsi

Gluteus Maximus

Hamstring

Gastrocnemius

POSTERIOR (BACK) VIEW

14
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COMMON MODALITIES
FOR RESISTANCE
TRAINING

RESISTANCE BANDS FREE WEIGHTS

WEIGHT MACHINES

15
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VPPER BODY EXERCISES
EXAMPLES

Here are some examples of upper body exercises that you
can do at home using your body weight, resistance bands,
or even household items like cans of beans or water bottles.
You can increase the difficulty of the exercises by adjusting
the weight of the objects you use or by choosing stronger
resistance bands. We will explore this in more detail during
the in-person session.

Arm Raises

Stand straight and hold household items, one in each hand
(household items) or stand on the band with both feet and hold the
end in each hand (resistance bands).

For lateral raise:
1. Start with arms straight down
2.Raise both arms to the side, pause and then return to the
starting position.

For front raise:
1. Start with arms straight down
2.Raise both arms to the front, pause and then return to the
starting position

Lateral Raise Front Raise
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UPPER BODY EXERCISES
EXAMPLES

Arm Curls
For biceps curl For triceps extension
1. Start with the arm straight down 1.Start with the arm at the side of
2.Raise both arms towards your your head.
shoulder, pause and then return 2.Extend upward, pause and then
to the starting position. return to the starting position.
Biceps Curl Tricep Extension

Seated Row

Steps:

1.Hold each end of the resistance
band in both hands.

2.Step in the middle of the band
with both feet.

3.Start with the arm extended
forward.

4. Pull arms back towards the
waist, pause and slowly return to
the starting position.

You can also do this exercise using household
items. Simply hold the item in each hand.

Start End

17
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UPPER BODY EXERCISES
EXAMPLES

Chest Press

There are several options to do this exercise. You can start by doin?
the chest press on a wall (option 1) and work your way up to a full
push-up (option 4).

Steps:
:PS:cri with the arms extended on shoulder height, just a bit wider
than your shoulder width.
2.Bend your elbow slowly to bring your body closer towards the
surface.
3.Then push yourself back until you are back to the starting position
but don't lock your elbow.

Option1 Option 2
T ye— -

Start End | Start End

Option 3 Option 4

End
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TRY IT ouT!

Do each exercise for one set (single set) until you reach around 4
to 6 on the RPE scale. You can do these exercises using your body
weight, resistance bands or household items.

Do each exercise for one set (single set) until you reach around 8
to 10 on the RPE scale.

would 1 do?

We suggest you to do the exercises within the range of 8 to 15
repetitions.

Once you are doing more than 15 repetitions, here are some of
the things you coulr?do:
» Add weights (if you are using body weight) or increase the
weight (if you use household items).
* Move up a level of the resistance bands

You can also do more sets for each exercise (multiset)

19
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COMMON BARRIERS AND
FACILITATORS TO RESISTANCE
TRAINING PARTICIPATION

These are some barriers and facilitators discussed
during the Women in Strength (WISH) interviews and
workshops with women who met and did not meet
the guidelines of muscle strengthening at least
twice a week.

Most participants find time challenging

because as women, we always share our

time with others (as mothers, daughters,

TIME colleagues or friends!). Participants found
CONSTRAINTS that forming a routine, creating an activity
planner and blocking time for exercising

works best for them.

Accesibility is also one of the biggest

barriers, be it location or cost. Some h
participants chose gyms or fitness centres

that are closer to the place their house or ACCESIBILITY
workplace. Some participants use free

online resources and do exercises at

home to help ease the cost barriers.

/'s The participants found that going to the
g{rn felt scary when they first started. Some
of the things that they did to overcome this

feeling were by going with friends and
signing up for personal trainers or exercise
classes. From there, they built their
confidence and knowledge until they are
ready to go on their own.

SELF-CONsCiovs
AND LACK OF
CONFIDENCE

21
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BEHAVIOUR CHANGE TECHNIQVE #1

GOAL SETTING

Goal setting is a method for creating an action plan that
helps you achieve your objectives. A well-defined goal
directs your efforts and provides a clear timeline for
accomplishment. However, your goal must remain
adaptable and flexible to accommodate changes as

S.M.A.R.T GOAL

The goal must be clearly defined with
precise detail. Example: “| want to do
resistance training at least twice a

SPECIFIC week.”

MEASUREABLE

The goal must be chollonginﬁ yet can

be achieved. Example: “| will start off

by doing at least one session and

gradually increase the frequency |
ATTAINABLE  exercise.”

22
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The goal must be relevant to your

Iifesty?e. Example: “| can do a 10-

minutes session in the morning and
REALISTIC evening.”

ch Set a specific timeframe to achieve the
goal. Example: “| will accomplish this
TIMELY goal within 4 weeks.”

Therefore, the full SMART goal is:

“I will do at least twice a week of resistance training in 4
weeks and track my training weekly”

SMALL'STEPS
ARE BETTER
THAN NO STEPS
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GEHAVIOUR CHANGE TECHNIQUE #2

SELF-MONITORING

Self-monitoring is a method where you track your
behaviour over time. You can do this by observing,
ﬁcordlng and evaluating what you did in your day-to-day
ite.

You can record your daily activities in a diary or journal. In
the WISH workshop, we introduced participants to a time
planner, and we asked them to list their typical daily
activities hourly. Then, we asked them to find possible
ways to include resistance training in their routine.

Common exercise time
suggested:

* Early morning

e Lunch break

o After work

Even a short session of just 10
minutes of resistance training a
day can be beneficial!

24
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Examples of routines where participants incorporate
resistance training into their routine.

ACTIVITY Y uers crtart an actermany
Asvexer

n

GREmK FMT + GYm o)
Home wotx gur

GET QENDY ok wuoRk
Ok unN .

ol oL ure

roemETIme

Ceoon Dinvper

Fess el Cym OR MHeax
Brcawe s €

SIEND TImE WiTH FAMWY

Wing Dewn fop THE paAY

LeniH Baonx Awnp Fossigey ) e te ¢o o

Gym
Wotx O UNI CET AENDY R A
P a b

TR

ACTIVITY Y Lors chEaTE AN ALTIRNATIVE ROVTING

.....

TR Teowietit

25
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PEHAVIOUR CHANGE TECHNIQVE #13

ACTION PLANNING

Action planning is a strategy for determining and
concentrating on the steps needed to achieve your goals. B
utilizing the implementation intention method, you can brea
down your goals into specific actions, clearly defining what
Lou will do, where, when, and how you will do it. Additionally,
incorporating if-then plannin? ﬁ u can develop alternative
strofegios to overcome potential obstacles to your plan.

A simple to-do list may look something like this:
» Do bodyweight exercise
* Go to the gym

But by including the implementation intention and if-then
planning, you can create a contin gency plan in case your
initial action plan can't be conducted. For example,

Implementation I will do my bodyweight exercises at/in my
Intention office during my lunch break.

If my meeting exceeds to my lunch hour,
If-Then Planning | then | will do my bodyweight exercise
before | leave the office in the evening.

26
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LOWER E0DY

EXERCISES EXAMPLES

Here are some examples of lower body exercises that you
can do at home using your body weight, resistance bands,
or even household items like cans of beans or water bottles.
You can increase the difficulty of the exercises by adjusting
the weight of the objects you use or by choosing stronger

resistance bands.

Squat

Steps:

l.Hold each end of the resistance
band in both hands.

2.Step in the middle of the band with
both feet shoulder-width apart.

3.Squat down as far as you can and
keep your leg rallel to the
ground, pause onf:low}y return to
the starting position.

You can progress in your squat by starting
with rising up and down from a chair, then
doing the squat without chairs or resistance
bonc?s and lostly doing it with additional
weight.

Leg Raise

Steps:

l.Lie down on the floor. You can
place your hands below your hips
for more stability.

2.Start  with your leg extended
upwards and brace your core.

S.Sﬁawiy lower your leg as close as
you can get to the ground without
actually touching it then raise it
back up to the starting position.

Start

Start

End

27
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LOWER E0DY
EXERCISES EXAMPLES

Lunges

For bodyweight lunges
1.Start with standing straight with your feet shoulder-width
apart. You can place your ﬁond on your hip for stability.
2.Sfer forward with one foot as far as you feel comfortable
while keeping your back straight, pause and then return to the
starting position.
3.Repeat step 2 with the opposite leg.

For weighted lunges

1.Do the some steps as bodyweight lunges but this time by
holding the items on each hand.

Bodyweight Lunges Weighted Lunges

Start End Start End

28
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LOWER E0DY
EXERCISES EXAMPLES

Calf Raise

For calf raise
1.Start with standing straight with your feet shoulder-width
opctx;}. You can place your?nond on your hip, wall or a chair for
stability.
2.Push t:'cye ball of your feet to raise your heels until you stand on
your toes.
3.Pause and then return to the starting position and repeat.

For single-leg calf raise

1.Start straight on one foot. You can place your hand on your
hip, wall or a chair for stability.

2.Push the ball of your foot to raise your heels until you stand on
your toes.

3.Pause and then return to the starting position and repeat.

4.0Once you completed your repetitions on one foot, repeat with
the other foot.

Calf raise Single-Leg Calf Raise

Start End Start End

29
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TRY IT ouT!
“The first week...

As with the upper body exercise, do each exercise for one set
(single set) until you reach around 4 to 6 on the RPE scale. You
can exercise using your body weight, resistance bands or
household items.

Do each exercise for one set (single set) until you reach around 8
to 10 on the RPE scale.

We suggest you to do the exercises within the range of 8 to 15
repetitions.

Once you are doir? more than 15 repetitions, here are some of
the things you could do:
* Add weights (if you are using body weight) or increase the
weight (it you use household items).
* Move up a level of the resistance bands

You can also do more sets for each exercise (multiset)

30
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SAFETY CONSIDERATIONS

Gym-based exercises include exercises that use free weights
such as dumbbells, barbells or kettlebells, as well as resistance
machines. When doing an exercise involving additional
weights, it is important to pay attention to some safety
considerations when doing the exercises.

HOw HEAVY DO | GO?

If you are new to exercising with weights or additional loads,
it might be unclear which weight to start with. Begin with a
light weight that you can lift for 12 to 15 repetitions. If it feels
too easy, increase the weight; if it's too hard to complete
the repetitions, reduce the weight. Gradually increase the
weight as you continue training and become stronger.

KEEP BREATHING!

When lifting heavier objects, you may be tempted to hold
your breath, known as the Valsalva Manoeuvre. This can be
dangerous, as it may cause dizziness, increase blood
pressure, and even lead to fainting. The proper breathing
technique is to inhale when lowering the weight and exhale
when lifting it.

PROPER FORM.

It's essential to learn the correct way to perform each
exercise. This will help you avoid injuries. Training with proper
form allows you to move through the entire range of motion
required for the exercise. If you find that you cannot perform
the exercise with proper form while increasing the load, you
should reduce the weight or the number of repetitions.

32
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AM | STABLE OR NOT?

Ensure that when performing any exercise, you are on a
stable surface with your feet (or just one foot for single-leg
exercises) firmly planted on the ground. For standing
exercises, your feet should generally be shoulder-wndth
apart. For single-leg exercises, focus on improving your
balance. You can pro?ress slowly by doing the exercise with
assistance, such as holding onto a wall or any stationary
object nearby. Once you build the necessary strength and
stability, you can grag ally reduce the assistance.

DO | NEED A SPOTTER?

Although it is not necessary, it's often wise to have a spotter
when exercising with heavier weight. A spotter is someone
who can assist you during your workout, helping to prevent
injuries. They can offer support when you struggle to lift the
weight, especially towards the end ofyo r set. If you are
lifting near your maximum weight, hoving a spotter becomes
even more crucial.

ks

33
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EXERCISE CLASSES

There are various classes available that focus on
develoring or maintaining muscle strength. Some
examples of strength exercise classes include Body Pump,

Legs, Bums, Tums, and kettlebell classes. Additionally,
there are holistic exercise options like Pilates, Yoga, and
Tai Chi.

Participating in exercise classes offers several benefits,
including support, companionship, and an opportunity to
build your confidence.

34
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FREE WEIGHTS & MACHINE
EXERCISES EXAMPLES

UPPER BODY

Biceps Curl

Steps:
1.Hold the weights in each hand.
2.Start with the arm straight
down
3.Raise both arms towards your
shoulder, pause and then return
to the starting position.

Triceps Extension

S -

mld the handle with both
hands.

2.Start with the arm at a 90-
degrees angle.

3.Extend downward, pause and
then return to the starting
position,

Chest Press

Steps:
1.Hold the weights in each hand.
2.Start with the arm extended.
3.Slowly lower the weight to 90-
degrees angle, pause and then
return to the starting position.

Other than dumbbells, you can also do
chest press using a barbell or a Smith

machine. For beginners, using a Smith

machine is highly recommended!
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FREE WEIGHTS & MACHINE
EXERCISES EXAMPLES

Lateral Raise

Steps:

1.Hold the weights on each
hand.

2.Start with the arm straight
down.

3.Raise both arms to the side,
pause and then return to the
starting position.

Steps:

1.Hold the weights on each
hand.

2.Start with the arm straight
down.

3.Raise both arms to the front,
pause and then return to the
starting position.

Lat Pull Down

Steps:

1.Hold the handle with both
hands, slightly wider than
shoulder width.

2.Pull down the handle down
while keeping your elbow in
line with your torso.

3.Pause and then return to the
starting position.

Start End

36
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FREE WEIGHTS & MACHINE
EXERCISES EXAMPLES

Seated Row

Steps:

1.Hold the handle with both
hands, while your chest is
against the chest pad.

2.Start with the arm extended
forward.

3.Pull arms back towards the
waist, pause and slowly
return to the starting
position.

Start End

LOWER BODY

Squat

Steps:

1.Hold the weights on each
hand.

2.Stand straight with both feet
shoulder-width apart.

3.Squat down as far as you
can and keep your le
parallel to the ground, pause
and slowly return to the
starting position.

Other than dumbbells, you can also

do squats using a barbell or a Smith Start End
machine, It is important to move in

controlled motion while bracing your

core.

37
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FREE WEIGHTS & MACHINES

EXERCISES EXAMPLES

Calf Raise

Steps:

le.?-l‘old the weights on each hand
and stand straight with your feet
shoulder-width apart.

2.Push the ball of your feet to
raise your heels until you stand
on your toes.

3.Pause and then return to the
starting position and repeat.

Lunges

Steps:

1.Hold the weights on each hand
and stand straight with your feet
shoulder-width apart.

2.Step forward witﬁ%no foot as
far as you feel comfortable
while keeping your back straight,
pause and then return to the
starting position and repeat.

1.Sit on the machine with your leg
at 90 degrees and back flat
against the seat

2.Your feet should be placed on
the footplate, shoulder-width
apart.

3.Brace your core and extend your
leg to push the footplace but
don't lock your knee.

4.Return to starting position and

repeat.

Start

Start

Start

End

End

38




286

FREE WEIGHTS & MACHINES
EXERCISES EXAMPLES

Leg Extension

Steps:

1.Adjust and sit with your back
flat against the seat and
knees at 90 degrees. The
lower leg pad should be in
front at the top of your ankle
and the top pad should be on
your thigh.

2.Grip the handles on the side
and extend your legs until its
straight.

3.Pause, return to the starting
position and repeat.

Leg Curl

Steps:
1.Similar to leg extension, adjust
and sit with your back flat
against the seat and knees at
90 degrees. But this time, the
lower leg pad should be at the
back of your ankle while the
top EOd should still be on your
thigh.
2.Gr;p the handles on the side
and curl your legs towards
your hips.
3.Pause, return to the starting
position and repeat.

Start

Start

End
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MY TIME PLANNER

Write down your typical daily routine (weekdays) and list potential
time(s) you can slot in resistance training. Even a short 10-minute

session counts!

TIME ACTIVITY TIME ACTIVITY
5:00 - 6:00 am 5:00 - 4:00 pm
6:00 - 7:00 am 4:00 - 5:00 pm
7:00 - 8:00 am 5:00 - 6:00 pm
8:00 - 9:00 am 6:00 - 7:00 pm
9:00 - 10:00 am 7:00 - 8:00 pm
10:00 - 1:00 am 8:00 - 9:00 pm
11:00 - 12:00 pm 9:00 - 10:00 pm
12:00 - 1:00 pm 10:00 - 11:00 pm
1:00 - 2:00 pm 1:00 - 12:00 am
00 - 300 pm POTENTIAL TIME TO EXERCISE:
1)
NOTES
Lberd -y 2)
3)

4)

A S
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MY TIME PLANNER

Write down your typical daily routine (weekend) and list potential
time(s) you can slot in resistance training. Even a short 10-minute

session counts!

TIME ACTIVITY TIME ACTIVITY

5:00 - 6:00 am 5:00 - 4:00 pm

4:00 - 7:00 am 4:00 - 5:00 pm

7:00 - 8:00 am 5:00 - 600 pm

8:00 - 9:00 am 6:00 - 7:00 pm

9:00 - 10:00 am 7:00 - 8:00 pm

10:00 - 1:00 am 8:00 - 9:00 pm

11:00 - 12:00 pm $:00 - 10:00 pm

12:00 - 1:00 pm 10:00 - 11:00 pm

1:00 - 2:00 pm 1:00 - 12:00 am

2:00 - 3:00 pm POTENTIAL TIME TO EXERCISE:
1)

NOTES

2)
3)
4)
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MY ACTION PLAN

Write down your implementation intention and if-then planning. This
will help you to work towards your goal and adjust it accordingly if
there's a change in routine.

IMPLEMENTATION I will do ot/in during

INTENTION

If , then | will

IF-THEN PLANNING

IMPLEMENTATION I will do ot/in during
INTENTION

If , then | will

IF"THEN PLANNING

IMPLEMENTATION lwllde _____________otfin ______________ durng
INTENTION

If , then | will

IF"THEN PLANNING

IMPLEMENTATION lwlde .~ otfimo ____ during
iNTENTION | -
1 , then | will
IF-THIN PLANNING
IMPLEMENTATION lwlldo ___ otfim during
iNTENTION | L
If then | will

IF-THEN PLANNING
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By listing down the potential barriers and several ways you can
overcome it, this can help making resistance training easier.

MY POTENTIAL BARRIERS HOW CAN | OVERCOME THIS?

44
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MY TRAINING PLAN

Use this section to plan out what activities you would like to
do and for how many weeks. For the activity, you can write
down what activity you want to do, such as body weight,
resistance band, gym, or classes.

Week Overview (Do ___ days per week for ___ weeks)
DAY MON TVE WED THURS Fri SAT SUN
ACTIVITY
HOW MANY!
SETS LoAD
REPS REST
Week Overview (Do ___ days per week for ___ weeks)
DAY MOoN TVE WED THURS FRi SAT SUN
ACTIVITY
HOW MANY:
* Determining the set, reps, lood,
SETS LOAD and rest would be related to the
goal of the training, such as to
build strength or muscle size. For
exercise classes, it's not necessary
REPS REST to include the set, reps, load, and
rest in this plan,

45
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MY TRAINING PLAN

Week Overview (Do ___ days per week for ___ weeks)
DAY MON TvE wip THURS e SAT SUN
ACTIViTY
HOW MANY:
skrs LOAD
REPS REST
Week Overview (Do ___ days per week for ___ weeks)
DAY MON TVE WED THURS Fo sAr sun
ACTIVITY
HOW MANY:
sers LoAD
REPS REST

B IAS,

46
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NOTES
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NOTES
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NOTES
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NOTES
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NOTES




299
Appendix 5-H: WISH Training Log

i J, University | College of Medical, /-
of Glasgow | Veterinary & Life Sciences ==

A randomised pilot feasibility trial of @ muscle
a'rongflwnmg oxercise intervention for women

24 WEEKS TRAINING LOG

PARTICIPANT ID:
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ABOVT THIS TRAINING LOG

This training log contains tables for you to fill out your 24
weeks participation in any kind of muscle strengthening
exercises that you do.

A member of the research team will guide you through this
training log during your baseline visit, and if there is anything
you do not understand or are unsure of, please let the
researcher know.

CONTACT DETAILS

If you have any questions, then please contact the research
team using the details below:

Researcher: Nur Dania Rosaini
Phone Number:
Email: n.rosaini.leresearch.gla.ac.uk
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BEFORE YOV BEGIN...

What activities are considered muscle strengthening
exercises?
We consider these activities as muscle strengthening exercises:
* Weight machines: at home, in a gym or fitness centre.
» Bodyweight exercises: such as push ups, sit-ups or
planking.
* Resistance exercises: using free weights such as dumbbells
or resistance bands.
 Holistic exercises: including Pilates, Yoga and Tai-Chi.
» Strength exercises classes: body pump, legs bums and
tums, kettlebell classes.

If you are unsure if the activity you want to do is considered a
muscle strengthening exercise, get in touch with the researcher
(Nur Dania Rosaini)

How frequently should | do these activities?

We want you to do these activities for at least 2 days a week
as per the physical activity guidelines for muscle strengthening.
You can always do more than 2 days a week.

Where should | do these activities?

It is up to you if you want to do these activities in the gym, at
home, or even outdoors at the park. Activities and location
choices are according to your own preferences at your own
time.
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BEFORE YOV BEGIN...

How do I fill this log?
On the weekly sheet, you will have to fill in your activities as
detailed as possible.
* Fill up the week and participant ID on the top of the page.
» Date/day: write down the date/day that you do the
activities.
» Time/duration: write down the starting and ending time or
the duration you took to complete the activities.
* Activities: fill up the activities that you did. Example: press
up, squat, lunges.
» Set: this is the number of times you will repeat a particular
number of repetitions of the exercise.
» Repetitions: this is the number of times you perform a
single exercise in one set.
* Load: this is the amount of weight or resistance you use.
» Rate of perceived exertion (RPE): this is how you perceive
the level of effort, strain, discomfort, or fatigue that you
feel during exercise. More information in the next section..

At the end of each week, you will be asked to send your weekly
training report to the researcher (Nur Dania Rosaini).
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BEFORE YOV BEGIN...

How do I fill up the Rate of Perceived Exertion (RPE)?

The Rate of Perceived Exertion (RPE) is referring to how you
feel about the level of effort, strain, discomfort, and/or fatigue
that you feel during exercise.

Use the scale below to describe how your body feels during
each of the exercises that you do. If you feel that the exercise
is:

o Extremely Easy: rate this as number 0.

» Extremely Hard: rate this as number 10.

* Somewhere between extremely easy (0) and extremely

hard (10): rate this as any number between 0 and 10.

There are no right or wrong numbers. Use the words below to
help select the numbers to describe how you feel when
performing the exercise.
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SUMMARY OF THIS TRAINING LOG

We will ask you to perform the exercise at least 2 times a week
for the 24-week study period. During the first week of
performing each exercise we would like you to stop when you
reach 4-6 on the RPE scale above. In the following weeks, we
would like you to stop each exercise when you reach 8-10 on
the RPE scale. This may be any number of repetitions, but we
suggest that adjust the level of each exercise to reach these
points on the RPE scale within the range of 8-20 repetitions.
Once you find yourself doing more than 20 repetitions of an
exercise, it is time to move up a level.

You can do these exercises all in a single session on the same
day, or you can break them up throughout the day or even do
them on different days. As long as you do the activities at least
twice a week, the choice is yours!
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MmY 24 WEEKS OVERVIEW

HOW MANY DAYS DID | DO MUSCLE STRENGTHENING EXERCISES?

Week

Days

1 2 3 -

Notes

Week 1

Week 2

Week 3

Week 4

Week S

Week &

Week 7

Week 8

Week 9

Week 10

Week 11

Week 12

Week 13

Week 14

WeeklS

Week 16

Week 17

Weeok 18

Week 19

Week 20

Week 21

Weok 22

Week 23

Woek 24
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PARTICIPANT 1D

WEEK 1

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 1

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 2

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 2

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 3

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 3

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 4

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 4

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 5

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 5

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 6

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 6

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 1

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 1

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 8

Date

/Day

Activities Set

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 8

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 9

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 9

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 10

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 10

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 11

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 11

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 12

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 12

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 13

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK




331

PARTICIPANT 1D

WEEK 13

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 14

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 14

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 15

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 15

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 16

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 16

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 11

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 11

Date Time / Load
) Activities Set Repetitions RPE
/Day | Duration pe (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 18

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 18

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 19

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 19

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK




344

PARTICIPANT 1D

WEEK 20

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 20

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 21

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 21

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 22

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 22

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 273

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 273

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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PARTICIPANT 1D

WEEK 24

Date

/Day

Activities

Repetitions

Load
(kg/Ib)

REMEMBER TO SEND YOUR WEEXLY TRAINING LOG AY THE END OF EACH WEEK
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PARTICIPANT 1D

WEEK 24

Date Time / Load
) Activities Set Repetitions RPE
/Pay | Duration = (kg/1b)
NOTES: REFLECTION / GOALS FOR NEXT WEEK:

REMEMBER TO SEND YOUR WEEMLY TRAINING LOG AT THE END OF EACH wEEK
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Appendix 5-I: WISH Trial Interview Topic Guides

WISH TRIAL INTERVIEW (POST-INTERVENTION)

Introduction

e [ would also like to remind you that this meeting is audio recorded.

e Before we begin, can you please state your participant ID for the recording?

e First of all, thank you for volunteering to participate in this study. In this interview, we are
going to discuss your experiences participating in this study so far as well as your opinions
on the interventions. The term exercises in this interview refers to muscle strengthening
exercises.

e The whole interview will range from about 30 to 60 minutes. Are you okay to proceed?

Muscle Strengthening Exercises Participation (ExP)

ExP1. Previous experience — Have you done any muscle strengthening exercises before

participating in this study? Are you restarting or is this completely new to you?
ExP1.1Ifyes, how long ago was your participation? How many years did you do it before?
ExP1.2 If no, is muscle strengthening exercise completely new to you?

ExP2. How has your experience been with participating in this intervention so far?
ExP2.1 How easy or difficult has incorporating these exercises into your daily routine
been?
ExP2.2 Do you think this intervention fits well with your lifestyle?
ExP2.3 Was there a specific time or place that made it easier for you to do the exercises?

ExP3. What barriers have you encountered when trying to complete muscle-strengthening
exercises twice a week?

ExP4. Have you noticed any changes, either physically or mentally?

ExP4.1 If yes, can you share an example?

ExP4.2 Did these changes help you stay motivated to continue?
ExPS. What do the people around you (e.g., family or friends) think about your participation
in this intervention?

Strength Education Session (Edu)

Edul. How do you find the education sessions?
Edu2. Do you think that the sessions are useful/helpful?

Edu2.1 What do you like about the sessions?

Edu2.2 What do you dislike about the sessions?

Edu3. What do you think can be done to improve the session
Edu3.1 What other topics should we include or cover in the education sessions?

Edud4. What do you think about the 1-2-1 consultation (week 4)? Is it helpful/useful? Why or
why not?

Exercise Session (ExS)

ExSYesl. You participated in the exercise session that we offered, how did you find the
session?
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ExSYes2. Do you think that the sessions are useful/helpful?
ExSYes2.1 What do you like about the sessions?
ExSYes.2.2 What do you dislike about the sessions?

ExSYes3. What do you think can be done to improve the session

ExSNol. As you know, we offered an optional exercise session from week 4 to week 11, Could
you please share why you didn't participate in the exercise session we offered?
ExSNol.1 If timing, if we were to add in more time slot options, would you find that to be
more helpful for you to attend?
ExSNol.2 If location, if this session were done in more locations, including those closer
to the area you live, would you find that to be more helpful for you to attend?

ExSBothl. Do you attend any exercise classes on your own?
ExSBothli.1 If yes, what kind of exercise classes do you attend?
ExSBothl1.2 If no, were there any particular reasons for not joining exercise classes?

Social Component — WhatsApp group and Accountability (SC)

SC1. Is the social aspect (e.g., talking with others, having companionship) important to you
when participating in this exercise?

SC1.1 If yes, do you have an exercise partner?

SC1.2 Does having an exercise partner make you feel more accountable for showing up?

SC2. When participating in this exercise, do you feel accountable to me and the study, or to
yourself?
SC2.1 If you feel accountable to me, how important is it for you to maintain that sense of
responsibility in order to make progress?
SC2.2 If you feel accountable to yourself, what drives you to keep going?

SC3. Do you find the WhatsApp group helpful?
SC3.1 In what ways does it help?

Training Log (TL)
Opening: Your training log is up to date/l have your training log up to week...
TL1. What are your thoughts on the training log?
TL2. Do you find the log useful or helpful?
TL2.1 What aspects of the training log do you like?
TL2.2 Are there any aspects of the training log that you dislike?

TL3. What improvements would you suggest for the training log?

TLA4. Did filling out the training log help keep you accountable for completing your training?
Why or why not?

TLS. Which of the following is better to help you do the exercise: choosing your own
workouts or following a set plan? Why?

Modalities (M)

M1. What are your thoughts on the gym or class memberships and resistance bands?

M2. Do you find having access to these options useful or helpful? In what ways?
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M3. Would you consider continuing your gym membership after this experience?
M3.1 Is cost a factor that would influence your decision?
M3.2 Does the distance or accessibility of the gym pose any challenges for you?
M3.3 Do you feel confident enough to continue, or do you feel self-conscious about going?
M3.4 Were you able to create a routine to attend these sessions, and if so, can you share
what that looks like?

M4. Do you prefer the gym or the resistance bands more?
M4.1 Which of these do you think would help you stay committed to exercising in the
long term? Why?
M4.2 Which do you believe would be more beneficial for improving your physical or
mental well-being? Why?

MS. What kind of information or advice would help you feel more confident continuing to
use the resistance bands or go to the gym?

Testing Protocol (TP)

TP1. What are your thoughts on the testing protocol?
TP1.1 Did you understand the instructions and the purpose of the test we conducted?
TP1.2 How did you find the test? Which one did you enjoy the most, and which one did
you like the least? What was it about them that influenced your preferences?

TP2. Were you comfortable with the testing procedures?
TP2.1 If not, can you share why?

TP3. How do you feel about the length of the testing protocol?
TP3.1 Do you think it's too long or too short?
TP3.2 Is it manageable with your schedule?

TP4. Do you think the tests are beneficial to you?
Opinion and Suggestion (OS)

OS1. Do you believe this intervention could help you maintain lifelong participation in
muscle-strengthening exercises?

OS1.1 If yes, what makes you think so? In what ways do you think it could help?

0S1.2 If no, what are the reasons you feel that way?

0S2. To encourage long-term participation, what do you think you would need in order to
continue?

0S2.1 If we were to adapt this intervention (e.g., fully online or through an app), do you
think  that would make a difference? Why?

OS3. If you were in my position, what would you change or improve in this intervention?
0OS4. Do you have any other advice or suggestions for improving this intervention?

Conclusion

e Do you have any questions that you would like to ask us?

e Thank you so much for your input. Keep on participating in muscle strengthening exercises
and I will see you again during the week 24 follow-up visit in June.

e [ will email you the voucher code to your email address.

e Once again thank you for coming in today.
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Introduction

1. How did you find participating in muscle-strengthening exercises on your own for the

past 12 weeks?

a. Was it easier/harder?

b. Did you continue doing the muscle exercises? If not, why?
If you continue: What barriers do you face when trying to aim for 2 days a week of muscle
strengthening exercises? What did you do to overcome those barriers? What helped you
to complete the 2 days a week of muscle-strengthening exercises?
If you did not continue: What barriers do you face in your muscle strengthening
participation? What do you think would help you to complete the 2 days a week of
muscle-strengthening exercises?

2. Which part of the intervention component (education session, group exercise session,
support group, gym memberships, 1-2-1 consultations, training log, reminders, lab
visits) do you find very important for your participation in muscle-strengthening
exercises?

a. Why? In what ways?
b. In the previous interview, some participants found that having the reminders and
training log was helpful for them. Is it still relevant?

3. How would you rate your overall experience in participating in this study? (1 =
extremely dissatisfied, 5 = extremely satisfied)

a.  What do you like the most about your whole experience?
b. What do you like the least about your whole experience?

4. How would you rate your understanding of muscle strengthening exercises before and

after the intervention? (1 = terrible, 5 = excellent)
a. In what way does the intervention help you?

5. If you were to participate again in the study, what changes or suggestions would you

like us to include or remove in the intervention?
a. Why? In what ways?
b. Ifnot, why?

Closing

e Do you have any questions that you would like to ask us?

e Thank you very much for your input. Continue participating in muscle-strengthening

WISH TRIAL INTERVIEW (FOLLOW-UP)

I would also like to remind you that this meeting is audio recorded.

Before we begin, can you please state your participant ID for the recording?

First of all, thank you for volunteering to participate in this study. In this interview, we are
going to discuss your experiences participating in muscle-strengthening exercises for the
past 12 weeks. The term exercises in this interview refers to muscle strengthening exercises.
The whole interview will range from about 30 to 60 minutes. Are you okay to proceed?

exercises, even if it’s just for one day a week — remember, something is better than nothing.
I will email you the voucher code to your email address.
Once again, thank you for coming in today.
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Appendix 5-J: CONSORT Checklist

CONSORT 2025 checklist of information to include when reporting a randomised trial*
Section / Topic No CONSORT 2025 checklist item description Reported on
page no.

Title and abstract

Title and  structured la Identification as a randomised trial 102
abstract - - - -
1b Structured summary of the trial design, methods, results, and conclusions Not in
chapter

Open science

Trial registration 2 Name of trial registry, identifying number (with URL) and date of registration 102

Protocol and statistical 3 Where the trial protocol and statistical analysis plan can be accessed 102
analysis plan

Data sharing 4 Where and how the individual de-identified participant data (including data dictionary), statistical | Not in
code and any other materials can be accessed chapter
Funding and conflicts of 5a Sources of funding and other support (e.g., supply of drugs), and role of funders in the design, | Not in
interest conduct, analysis and reporting of the trial chapter
5b Financial and other conflicts of interest of the manuscript authors Not in
chapter
Introduction
Background and 6 Scientific background and rationale 99-101
rationale

Objectives 7 Specific objectives related to benefits and harms 99-101
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Methods
Patient and public 8 Details of patient or public involvement in the design, conduct and reporting of the trial 100
involvement
Trial design 9 Description of trial design including type of trial (e.g., parallel group, crossover), allocation ratio, | 101-102
and framework (e.g., superiority, equivalence, non-inferiority, exploratory)
Changes to trial protocol 10 Important changes to the trial after it commenced including any outcomes or analyses that were | N/A
not prespecified, with reason
Trial setting 11 Settings (e.g., community, hospital) and locations (e.g., countries, sites) where the trial was | 102
conducted
12a Eligibility criteria for participants 101
Eligibility criteria 12b If applicable, eligibility criteria for sites and for individuals delivering the interventions (e.g., | N/A
surgeons, physiotherapists)
Intervention and 13 Intervention and comparator with sufficient details to allow replication. If relevant, where | 101-111
comparator additional materials describing the intervention and comparator (e.g., intervention manual) can be
accessed
Outcomes 14 Pre-specified primary and secondary outcomes, including the specific measurement variable (e.g., | 107-110
systolic blood pressure), analysis metric (e.g., change from baseline, final value, time to event),
method of aggregation (e.g., median, proportion), and time point for each outcome
Harms 15 How harms were defined and assessed (e.g., systematically, non-systematically) Not in
Chapter
Sample size 16a How sample size was determined, including all assumptions supporting the sample size calculation | 110
16b Explanation of any interim analyses and stopping guidelines 110
Randomisation:
Sequence generation 17a Who generated the random allocation sequence and the method used 102
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17b Type of randomisation and details of any restriction (e.g., stratification, blocking and block size) 102
Allocation concealment 18 Mechanism used to implement the random allocation sequence (e.g., central computer/telephone; | 102
mechanism sequentially numbered, opaque, sealed containers), describing any steps to conceal the sequence
until interventions were assigned
Implementation 19 Whether the personnel who enrolled and those who assigned participants to the interventions had | 102
access to the random allocation sequence
Blinding 20a Who was blinded after assignment to interventions (e.g., participants, care providers, outcome | 102
assessors, data analysts)
20b If blinded, how blinding was achieved and description of the similarity of interventions N/A
Statistical methods 21a Statistical methods used to compare groups for primary and secondary outcomes, including harms | 110-111
21b Definition of who is included in each analysis (e.g., all randomised participants), and in which group | 110-111
21c How missing data were handled in the analysis 110-111
21d Methods for any additional analyses (e.g., subgroup and sensitivity analyses), distinguishing | 110-111
prespecified from post-hoc
Results
Participant flow, 22a For each group, the numbers of participants who were randomly assigned, received intended | 112-113
including flow diagram intervention, and were analysed for the primary outcome
22b For each group, losses and exclusions after randomisation, together with reasons 112-113
Recruitment 23a Dates defining the periods of recruitment and follow-up for outcomes of benefits and harms 112
23b If relevant, why the trial ended or was stopped N/A
Intervention and 24a Intervention and comparator as they were actually administered (e.g., where appropriate, who | 112-130

comparator delivery

delivered the intervention/comparator, how participants adhered, whether they were delivered as
intended [fidelity])
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24b Concomitant care received during the trial for each group N/A
Baseline data 25 A table showing baseline demographic and clinical characteristics for each group 114
Numbers analysed, 26 For each primary and secondary outcome, by group: 112-136
outcomes and o the number of participants included in the analysis
estimation o the number of participants with available data at the outcome time point
e result for each group, and the estimated effect size and its precision (such as 95%
confidence interval)
e for binary outcomes, presentation of both absolute and relative effect size
Harms 27 All harms or unintended events in each group 112
Ancillary analyses 28 Any other analyses performed, including subgroup and sensitivity analyses, distinguishing pre- | N/A
specified from post-hoc
Discussion
Interpretation 29 Interpretation consistent with results, balancing benefits and harms, and considering other relevant | 136-143
evidence
Limitations 30 Trial limitations, addressing sources of potential bias, imprecision, generalisability, and, if relevant, | 142-143

multiplicity of analyses

*We strongly recommend reading this statement in conjunction with the CONSORT 2025 Explanation and Elaboration and/or the CONSORT 2025 Expanded Checklist for
important clarifications on all the items. We also recommend reading relevant CONSORT extensions. See www.consort-spirit.org.
Citation: Hopewell S, Chan AW, Collins GS, Hrébjartsson A, Moher D, Schulz KF, et al. CONSORT 2025 Statement: updated guideline for reporting randomised trials. BMJ.
2025; 388:€081123. https://dx.doi.org/10.1136/bmj-2024-081123.

© 2025 Hopewell et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.
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Appendix 5-K: Participant’s Perception Matrix and Decision Tree

Participant Perception Scoring Matrix for the WISH Intervention
Component
Score | Label Description Keywords Suggestion
e No quotes.
1 No * The participant does not mention | | No mention/quotes
reference or acknowledge anything about
the intervention component.
e Minimal engagement. e Not helpful
e The component is viewed e Don’t see the point
) Needs a lot negatively or irrelevant, e Confusing
of work unhelpful, doesn’t see the point e Irrelevant
or confusing and needs a lot of
changes.
e Partial or inconsistent. e Somewhat useful
e The component is seen as e Mixed feelings
somewhat useful but with mixed | e Could be better
3 Needs feelings because of a lack of e Inconsistent
some work clarity and consistency. May
include some critiques or
confusion about purpose or
execution.
e Moderate e Useful
e The component is seen as useful | e Helpful
4 Doing okay or relevant, with room for e C(Clear
improvement. May include e Worked well
minor, more tailored suggestions, | o  Positive Experience
but overall satisfaction.
e High and consistent. e Very useful
Doing | The component is regarded as e Excellent
5 highly effective, engaging, and e Really helped
great . .
valuable and no changes are e Highly effective
needed. e Lovedit
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Decision Tree for the Participant Perception Scoring Matrix

| Does the participant mention the component atall? |

Is the component described as confusing, irelevant, or unhelpful? I

G

I8 the feedback mixed or lukewarm, with limited clarity or inconsistent use? ]

>

Is the component described as useful or helpful,
with regular engagement but with room for
improvement?

G f
-

Is the component strongly endorsed as highly effective,
valuable, and well-executed?
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Appendix 7-A: Insights from the Women in Strength (WISH) Study

INSIGHTS FROM THE WOMEN > v
IN STRENGTH (WISH) STUDY  &5¢i

4 MUSCLE-STRENGTHENING ACTIVITY
PARTICIPATION

Among participants who initially thought they did not meet strength guidelines, 95%
actually did when daily living muscle-strengthening activities, such as stair dimbing
and carrying shopping bags, were added.

Sex differences in MSE: While men often gravitate toward weight machines and
resistance exercises, women frequently meet the guidelines through holistic exercises (e.q.,
yoga and Pilates).

“MSE: muscle-strengthening exercises

OVERCOMING CHALLENGES AND BVILDING SUPPORT

Common challenges to participation in MSE Key Facilitators to Improve Participation in MSE

b

Key challenges identified by women include perceived time
constraints, low motivation, cultural stigma and .J:mwm:m&"xm m and
sodetal pomptlz, Mﬂ" m‘:;““ In ability and positive changes are helpful in increasing participation in MSE.

THE WISH TRIAL: A CO-DESIGNED 12~WEEK MSE INTERVENTION

ﬂmﬁ ® Jat 5

m Flexlbllnty and Social Support

The intervention included strength Participants were provided with Panmpmts select their preferred MSE, exercise
education sessions, which hashigh | resistance bands and a 12-week gym | locations, and times rather than following a strict
attendance rate (80-87%) and were membership to ensure they had access | plan, A WhatsApp group and optional group

rated as highly acceptable. to the necessary environment. They were | exercise sessions were provided for additional
also asked to log their training. support.
OUTCOMES OF THE 12-WEEK _ m
INTERVENTION

' Physical gains were also recorded in
Pamcopant +9.8kg Increase muscle thickness (+0.86mm)
Retention in Back Strength and knee extensor torque
The high retention rate Participants in the intervention S
suggests that the group showed a 9.8 kg Similar results were observed in muscular strength and
program was feasible & improvement in back body composition at week 24 follow-up, with effects
acceptable. strength over 12 weeks. generally smaller.
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