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Abstract

Background
Physical activity (PA) is a public health priority, with regular engagement associated

with improved psychosocial and physical outcomes during menopause. Despite these
benefits, adherence to PA guidelines among midlife women remains low globally, a
pattern particularly pronounced in conservative contexts such as Saudi Arabia. mHealth
presents a promising opportunity for supporting PA behaviour change at scale, yet
effective engagement requires interventions aligned with women’s needs and
preferences. This study aimed to co-generate and prioritise actionable
recommendations for a contextually tailored mHealth PA intervention for midlife Saudi
women experiencing menopause.

Methods
This study employed an exploratory qualitative design guided by the Generative Co-

design framework for Healthcare Innovation. Online group-based workshops were
conducted between May and October 2024. In the first round, four co-ideation
workshops were held with homogeneous groups of potential end-users (midlife Saudi
women) and professionally diverse stakeholders relevant for intervention development,
using storyboards to elicit women'’s perspecives of PA-related needs and challenges.
The second round involved a cross-sectoral co-prioritisation workshop using a
consensus-building matrix. Workshops were audio-recorded, transcribed, and analysed
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using inductive qualitative content analysis. Stakeholder-generated recommendations
were subsequently mapped onto the COM-B model and Behaviour Change Wheel (BCW).

Results
Twenty-three stakeholders participated across five co-design workshops, including

midlife Saudi women (n=3), various healthcare providers (HCPs) (n=14), policymakers
(n=2), fitness trainers (n=3), and an app developer, each participating in at least one
workshop. Agreed priorities included tailored educational modules on menopause and
PA, a home-based adaptable exercise library, empathetic messaging framing PA as self-
care, progress tracking and feedback, personalisation options, and social and
community support features. Cultural tailoring was identified as essential across all
components. Stakeholders also recommended an ecosystem approach to
implementation, encompassing technical training and intergenerational family digital
support to enhance digital skills and inclusion, integration with existing health systems
and HCP endorsement, and cross-sectoral partnerships to support uptake and
sustainability.

Conclusion
The co-design approach proved feasible and acceptable, generating culturally relevant

insights for an underrepresented population. The findings provide a foundation and
practical direction for intervention content, design features, and implementation
strategies aligned with women'’s lived experiences and sociocultural context. The

necessary next steps are prototype development and feasibility testing.

Keywords: women, middle-aged, midlife, menopause, menopausal transition,
perimenopause, mernopausal symptoms, self-care, physical activity, exercise, behaviour
change, digital interventions, mHealth, mobile applications, apps, culture, Saudi Arabia,
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Introduction

Physical activity (PA) is widely recognised as a public health priority, playing a key role
in the prevention of non-communicable diseases (NCDs), improving mental health and
well-being, and enhancing overall quality of life [1]. Among midlife women undergoing
the menopausal transition, engaging in moderate levels of PA and exercise has been
associated with reduced psychosocial and physical menopause-related symptoms [2-5].
PA has also been viewed positively as a potential strategy for managing some
menopausal symptoms and for supporting long-term health benefits for healthy ageing
[6, 7]. Despite these benefits, adherence to PA guidelines remains low among women in
this age group, highlighting the need for targeted interventions. For example, in



England, 38% of women aged 45-54 engage in less than the recommended 150
minutes of moderate activity per week, and 60% perform strength training less than
twice weekly [7].

Menopause-related physical and psychological symptoms, including fatigue,
musculoskeletal pain, weight gain, hot flushes, and mood changes, can reduce
motivation and perceived capability to engage in PA [8]. These barriers are often
compounded by body image concerns and stigma surrounding ageing and menopause,
particularly in public exercise settings [8-10], as well as time constraints arising from
work, family, and caregiving responsibilities [9,11-13]. These challenges to PA during
menopause may be particularly pronounced in conservative sociocultural settings such
as Saudi Arabia [14]. In the Saudi context, cultural norms and environmental factors
have created distinct barriers to PA and exercise among women, including traditional
gender role expectations, modesty norms, limited access to women-only exercise
facilities, and inadequate public spaces for PA [15,16]. According to the Saudi Arabian
National Survey on PA [17], only 46% of adult women meet recommended PA
thresholds, compared with 64% of men, reflecting an 18% gender gap. Participation
rates for both genders decline notably during midlife [17], a period coinciding with the
menopausal transition, suggesting that Saudi women at this life stage could face
particular challenges for PA engagement.

The use of technology, particularly mobile health (mHealth) interventions, offers a
potentially promising approach for addressing accessibility and scalability challenges. In
Saudi Arabia, internet use is nearly universal, with mobile phones accounting for 98.9%
of online access [18], providing a strong infrastructure to support mHealth solutions.
Research demonstrates that mHealth tools can support PA behaviour change, with
reviews suggest modest to moderate increases in PA across various adult populations
[19,20]. Among older adults, an umbrella review reported moderate effects of mHealth
interventions such as apps, wearables and SMS on step counts and small effects on
moderate-to-vigorous PA, with no significant differences across intervention types [21].
For midlife women, a systematic review suggests that mHealth PA interventions may
support small to moderate increases in moderate to vigorous PA, and may lead to
positive improvements in some menopausal symptoms such as anxiety, sleep, and
menopause-related quality of life [22].



However, interventions intended to effectively support PA engagement among midlife
Saudi women experiencing menopause require a context-sensitive understanding of
women’s needs, preferences, and lived experiences. Narrative review evidence
suggests that cultural tailoring in digital health interventions is more likely to be
effective when culture is considered alongside other contextual influences of the target
population, e.g., social structures, economic conditions and existing health systems, and
when diverse stakeholders are involved to generate practical insights throughout the
design and evaluation [23].

Co-design, defined as a participatory approach involving relevant stakeholders as active
collaborators, has emerged as a valuable methodology for health intervention
development [24,25]. This participatory approach ensures that the interventions and
services developed would likely reflect the real needs and experiences of the target
population [26]. Evidence suggests that integrating co-design into health intervention
development improves their user-centeredness, acceptability, relevance, and alignment
with the needs of the individuals they aim to serve [27-32]. Thus, involving potential
end-users and other relevant stakeholders can heip create interventions that are both
evidence-based and contextually appropriate [31].

The present study aimed to gather stakehoiders' insights to build on findings from our
previous in-depth interviews with midiife Saudi women experiencing menopause [33]
and to co-design actionable recommendations for more acceptable and feasible
intervention strategies. These recommendations were intended to inform the
development of an optimised mHealth PA intervention tailored for midlife women
undergoing menopause in Saudi Arabia.

Methods
Study design

This study utilised an exploratory qualitative design, incorporating participatory and
stakeholder engagement approaches, guided by a generative co-design process [34],
consisting of three main stages: pre-design, co-design, and post-design. This co-design
methodology facilitates knowledge sharing among stakeholders, who actively engage in
a collective creative process aimed at developing innovative solutions, such as digital
health interventions. By fostering collaboration, this approach helps create an



environment where health innovations that are context-specific, relevant, and
acceptable can be developed [34].

This study is part of research that was guided by Public and Patient Involvement (PPI)
members [33], specifically two middle-aged Saudi women experiencing menopause.
The PPl members offered valuable input on the study objectives, the co-design
activities, workshop format, and selection of relevant stakeholders.

A total of five workshops with different stakeholders were conducted. Due to resource
limitations and time constraints, these group-based sessions were held online via
Microsoft Teams. The two PPl members also recommended the online format to
maintain convenience and ensure privacy for menopausal Saudi women. The
consolidated criteria for reporting the 32-item checklist of qualitative studies guided the
reporting of this study [35].

Phase 1: Pre-design

In the pre-design stage, the lead researcher (GS) cenducted a comprehensive review
and synthesis of the key themes identified from a prior contextual inquiry of 29 in-depth
interviews with midlife Saudi women, of which one paper has been published [33]. The
qualitative interview study explored midlife Saudi women's attitudes and experiences of
menopause [33], as well as their barriers and facilitators to PA participation during this
life stage, which will be reported in a separate paper. The interviews also explored
midlife Saudi women’s perceptions and experiences of using mHealth and smartphone-
based interventions to support PA participation. Findings from the reflexive thematic
analysis of these interviews informed the present co-design process, after which
workshop materials were developed and stakeholders identified and recruited.

Workshop material development
We developed a workshop topic guide (supplementary file 1) informed by the prior

interview findings, structured around the Behaviour Change Wheel (BCW) and COM-B
theoretical frameworks [36.37] and refined based on feedback from senior qualitative
researchers (FH and RF) and PPl members. Key constructs explored across the
workshops included but not limited to appropriate intervention types and functions,
behavioural change strategies, menopause relevance, cultural alignment, design
prioritisation, feasibility, delivery modes, accessibility and digital inclusion, and system
integration. We also prepared informational materials, and presentation slides to
introduce potential stakeholders to the co-design workshops' aims and structure,



facilitating informed participation. PPl feedback was gathered on the Arabic versions of
the study materials, including the participant information sheet, informed consent form,
study posters, topic guide and presentation slides, and storyboards.

Stakeholder identification and participation
Since considering diverse perspectives when forming co-design activities is seen crucial

to ensuring inclusivity in decision-making processes [38], the research team included
two key groups of stakeholders: midlife Saudi women with menopause lived experience
(referred as potential end-users), and multidisciplinary professionals, including
healthcare providers (HCPs), qualified fitness trainers, policymakers and technology
developers and designers. The recruitment process for the co-design workshops was
conducted between March-September 2024.

Midlife Saudi women who had previously participated in our earlier, qualitative
interview-based study (n=29) were invited to participate. Building on the rapport
established [33], these women were re-contacted and encouraged to continue their
involvement as end-user stakeholders. The purposive sampiing approach and eligibility
criteria followed were comprehensively reported earlier [33]. Briefly, we included
middle-aged women aged between 40-64 years, undergoing menopause (either natural
or sudden menopause due to e.g. cancer treatments or surgeries); based in Saudi
Arabia; not meeting the recommended PA guidelines [39]; and with internet access to
facilitate participation in online workshops. Owning a smartphone was not a criterion for
participation. We targeted women who self-reported as inactive or insufficiently active
to ensure that the co-designed recommendations address the needs and barriers of
those most in need of PA support. As a token of appreciation for their time and
contribution, each participant was offered a £20 (100 SAR) voucher upon completion.

A purposive sampling approach was employed to recruit a multidisciplinary group of
Saudi-based professionals, including HCPs (such as general practitioners,
gynaecologists, physiotherapists, psychologists, and health educators), certified fitness
trainers, health policymakers, and technology experts. Professional stakeholders were
identified through established personal networks and LinkedIn connections, and through
social media posts using a separate invitation poster specifically designed for
professional audiences. Professional stakeholders did not receive compensation but in
recognition of their valuable time and contributions each of them received a formal
thank-you letter acknowledging their participation in the co-design workshop.



Once a potential stakeholder expressed interest in participating in the co-design
workshops, an information pack was sent to them to provide further details about the
co-design study prior to completing the electronic informed consent and demographic
questionnaire.

Facilitators
The workshops were facilitated by the lead researcher (GS), a Saudi PhD researcher

with experience and training in qualitative and co-design research, who guided
discussions and ensured that participants remained focused on the problem areas being
addressed, while fostering an inclusive environment where all participants could
contribute equally. The second facilitator, FD, a female Saudi health education specialist
experienced in co-facilitating focus groups, was responsible for taking notes, supporting
communication, and assisting with the completion of co-design activities to ensure all
contributions were accurately documented. Before the workshops, the second
facilitator (FD) was briefed on the study's aims and the expected role, ensuring
alignment in their approach. Following each workshop, the faciiitators met to discuss
key takeaways and refine subsequent sessions based on emerging insights. Together,
they produced a brief document summarising the overarching narrative from each
workshop. Any discrepancies or differing perspectives were resolved collaboratively
through online discussions.

Intended workshop deliverables
Through iterative discussions and feedback cycles, the co-design workshops produced

actionable recommendations for key intervention strategies, messaging, and design
features. These outputs informed the preliminary conceptual development of future
optimised mHealth PA interventions targeting menopausal women in Saudi Arabia.

Phase 2: Co-design

The co-design phase marks the stage where stakeholders and facilitators actively
engaged in co-design activities. According to the generative co-design approach, this
phase consists of framing the issue, conducting generative design work, and sharing
ideas [34]. In our workshops, we observed that these steps were interrelated and
unfolded dynamically, with participants seamlessly transitioning between these within a
single session. Our co-design workshop flow structure (Figure 1) integrated two rounds
of the co-design phase, highlighting their interconnected nature and the ongoing
iterative development throughout the entire co-design process.



Data collection and workshop flow structure
Workshops were held between May and October 2024 via Microsoft Teams by the

primary investigator (GS), and each lasted between 1.5 and 2 hours. All the five co-
design workshops were conducted in Arabic, except for one session with HCPs, which
was held in English to engage with non-Saudi, non-Arabic-speaking clinicians and ensure

their perspectives were also captured.

Each workshop commenced with an introductory meet-and-greet to set a welcoming
tone. Ice-breaker activities were included to ease participants into the discussions,
fostering open communication. Ground rules were collectively established, promoting
principles of active listening, mutual respect, confidentiality, and equal opportunity for
participation. This collaborative approach aimed to create a safe, judgment-free space
where stakeholders felt empowered to share their insights and ideas freely. Recognising
the possibility of fatigue during workshops, we built in regular breaks between activities
and encouraged participants to stay hydrated and take refreshments. Although no fixed
guidelines exist for conducting co-design activities, we adopted a homogenous and
phased structure previously employed in community settings [31].

- Round 1: co-ideation

Workshop 3 Workshop 4
Workshop 1 Ex ‘gr?'::)shg?tg ﬁ'om Expert cohorts from Expert cohorts from
Midlife Saudi women P HCPs: HCPs: physiotherapists, certified fitness trainers +
(Potential end users) T psychologist and health the representative end
e educator + the user

ialists, gyn logist :
S, CPETEEl ] representative end user

Preparation between round 1 and 2 (Initial data analysis)

Round 2: co-prioritisation

Workshop 5
Cross-sectoral group:
Health policymakers,

HCPs, Fitness trainer and
designer + the
representative end user

Data analysis

Figure 1: Flow of co-design workshop across two rounds and the contributions of diverse
stakeholder groups



Round one: Co-ideation with like-minded groups

Workshops 1-4 aimed to co-ideate with like-minded stakeholders. This homogenous
group approach enabled co-facilitators to build upon insights and feedback from one
session to another, creating a progressively evolving co-design process. Each workshop
began with a sensitising activity, defined as “preparing participants for the design task
and triggering reflections on the topic through activities such as presentations and
thought-provoking questions”’ [40]. Participants were sensitised through a brief
presentation summarising key themes (barriers and needs) identified in the preceding
in-depth interviews, along with insights from previous workshops (based on facilitator
notes). This visualisation was intended to foster open and reflective discussion.

Stakeholders were encouraged to share, debate, and reflect on their lived experiences
and/or professional insights, particularly concerning the contextual requirements for
promoting PA participation among menopausal women in Saudi Arabia. We then
facilitated creativity and solution generation through a coliaborative co-design activity

(ideation phase of co-design).

To actively engage stakeholders, build empathy and ground the discussion in real-world
experiences and contexts, we utilised adapted real-life, case scenarios based on the
previous interview study, illustrated through storyboards (Figure 2A-C). The personas
in the storyboards: Haya, Sarah, and Nora (pseudonyms) embodied shared challenges
and opportunities faced by menopausal women in Saudi Arabia.

Stakeholders then participated in think-aloud brainstorming sessions aimed at
generating innovative ideas. These sessions focused on imagining approaches for a
mobile-based intervention to support the fictional personas in increasing their
participation in PA. Facilitators guided discussions by posing questions such as: “How
should the mobile PA intervention reflect the menopause experience to ensure
relevance for persona X?”, “What strategies should the intervention use to address the
challenges persona X faces?”, and “What features are needed, and how might the
personas interact with these features?”.

The ideas generated were then discussed, focusing on translating them into actionable
recommendations to specifically address the challenges outlined in the scenarios. This
process highlighted key elements of emphasis and importance, forming a foundation for
tailoring the PA intervention to meet the needs of the personas.
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Haya Haya just retired recently. She is 61, post-menopausal and granny. She has been struggling with her joint pain for months. She could not walk as
before and prayed on a chair most of the time. Her doctor has encouraged her to do physiotherapy and join a gym to strengthen her muscles.

She uses WhatsApp and Snapchat daily but has not tried any fitness app. After retirement, she has noticed that her fatigue and lack of energy keep
| her trapped at home. She now wants to do exercises to strengthen her muscles but fears injury.

= + physically inactive (no prior exercise experience), chronic knee pain, fear of injury, limited app literacy

Since retiring, I have more 4ime for myself. Although Due to my lazy lifestyle, T have lest my fitness and
TI'm busy with family, I spend mernings watching my developed knee pain. My dector has advised me e
faveurite show or serolling through secial media underge physiotherapy and jein a gym to strengthen
platforms like Snapchat or TikTok. my muscles.

I don't know
how fe swim!

Above all, H's important to
ensure it's easy fo use. I
have limited app skills!

-

T would like the mobile app to create a persenalised workout plan that accommodates

my limited cbilities and is suitcble for my age. As we grow older, it becomes increasingly

impertant to engage in exercises that are not enly beneficial but alse safe fer our bedies.

Figure 2A: Storyboard vignettes used in the co-design workshops 1-4.



and how to do it.

Because of the lack of education on
perimencpause, I was at a less and had ne
idea what is hoppening o them.

5

J |

At first, T was not aware of the symptoms of
menopause and had mistaken them for something
more serieus, cancer.

During the summer, I sometimes visit indeor
shopping malls for a walk, but te be honest, I fend 1o
get sidetracked by the stores, so I wouldn't consider

it o proper form of exercise.

Heme cheres are my enly daily activity. I have +e
cook, clean up and de laundry myself. T den't have a
heme maid.

Sara is a 53-year-old housewife living in AlKhobar on the eastern coast. She is currently experiencing perimenopausal symptoms, including
hot flashes and poor sleep, for more than two years now. Sara is sedentary and inactive and only gets physical activity from daily home
cheres. She has no experience in exercising other than occasional strolls. Sara is eager to start exercising but needs more guidance on what

+ Single mum, physically inactive, experience mild to sever menopausal symptoms, and has lack of social and emotional support.

Occasienally, when the weather permits, I sometimes go
for a walk eutside with a friend. Tt makes me feel good
and helps improve my sleep quality, but T'm not

<onsistent. I den't have someene fo encourage me fo
walk frequently, yeu know!

At this age, one thing that makes me feel good is
geing for a walk or duncing. I feel gru{eFul for myself
and aecomplished affer doing them, which leaves me
feeling satisfied

I want fo improve my posture and build
muscles for healthy aging though I never did

exercise other than walking in my entire Iife. T
= think I lack the confidence

T expect the infervention (app) fo provide me a sense of secial suppert er intreduce you

to group-bused activities that are fun, such as duncing.

Figure 2B: Storyboard vignettes used in the co-design workshops 1-4.



Nora

become physically active again.

I werk 4-5. T have a stressful job and four
kids. I struggle with constant anxiety and
brain foq.

I have no doubt that exercise has +remendous
benefits for healthy aging, especially for mental health

and depression.

Nora is a 46-year-old woman who lives and works in Riyadh. She is a full-time worker and has a busy life with many responsibilities.
Recently, she has started experiencing mild symptoms of menopause. Though she has had some experience with gyms in the past, she hasn't
been able to maintain regular exercise due to her busy schedule and traffic. Before marriage and having kids, she used to be more physically
active. Now she wants to take exercise more seriously and fit it into her routine. She is married, has a postgraduate education, and wishes to

Traffic in Riyadh is insane. If I decide 1o 4c 4o the

Unfertunately, women had e pay mere than men 4o gym, I have to expect a minimum of 4 hours. As a
access gyms. And on top of that, I end up not being mum, geing fo the gym is net always an option!

I have a gym membership, which costs me a let.

able to go because of my busy time and heme/werk
respensibilities

(
L
4

A 4 -

I own an Apple Watch and use it fo menitor my steps, However, T am in search of a flexible
fithess tool that provides at-heme werkout eptiens. I need semething that offers short
exercise routines that I can de in my living reom with my kids fo help me get back en track
with my fitness geals.

Figure 2C: Storyboard vignettes used in the co-design workshops 1-4.



Round two: Co-prioritisation with a cross-sectoral group

In Workshop 5, we convened a diverse group of stakeholders, including policymakers
from the Saudi Ministry of Health (MOH), an app designer, along with a subset of
stakeholders from previous workshops (1-4): a general practitioner (GP), a fitness
trainer, and a representative from midlife Saudi women. The objective was to
collaboratively refine and prioritise the proposed intervention directions that had been
generated during co-ideation workshops.

Prior to Workshop 5, the facilitators prepared a list of the generated ideas from earlier
workshops 1-4. Workshop 5 aimed to reach consensus on the proposed strategies
(evaluate phase of co-design). To facilitate this, we presented an adapted 2x2 priority
matrix on a shared slide in order to categorise each item of the list generated based on
two criteria: importancelimpact which indicate how crucial the suggested strategy (i.e.,
app component) is to addressing menopausal Saudi women’s needs and improving their
participation in PA, and feasibility which indicates how easily the suggested strategy can
be developed, implemented, and maintained considering time, cost, and resources. We
asked stakeholders to collaboratively rank them within one of the designated
quadrants: high-impact, high-feasibility (Do Now); low/moderate-impact, high-feasibility
(Do Next); high-impact, low/moderate-feasibility (Promising, Maybe Later); and low-
impact, low-feasibility (Do Not Do) (Figure 3).



Sticky notes T I
High |
\
\
\
Maybe Later \ Do Now
(promising areas) \
— \
\
\
\
\
\
Importance §__ _ _ _ _ _ _ _ _ _ _ _ o __
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\
\
\
Don't Do \ Do Next
\
\
\
\
\
\
Low | 2
W _ W v
Low Feasibility High

Figure 3: Adaptable 2x2 prioritisation matrix used in Workshop 5, shared with stakeholders
via Lucidspark Software (https://lucidspark.com).

To facilitate discussion, stakeholders were ericouraged to evaluate the proposed
intervention strategies within the Saudi context using the APEASE criteria: Affordability,
Practicability, Effectiveness/cost-effectiveness, Acceptability, Side effects/safety, and
Equity [41]. The APEASE criteria are typically used within the Behaviour Change Wheel
(BCW) to assess the feasibility of implementing a new intervention within a specific
context, as described by Michie et al [41].

During Workshop 5, stakeholders explored the feasibility of implementing the proposed
strategies for designing, delivering, and integrating within the Saudi Arabian context.
Discussions addressed logistical challenges, potential methods for testing, and
strategies for achieving widespread implementation, with an emphasis on ensuring

long-term intervention sustainability.

Representation of end-user voices
To ensure the voices of midlife Saudi women experiencing menopause were

represented throughout the co-design process, the research team invited an end-user
representative (Stakeholder 1: a 53-year-old perimenopausal Saudi woman) to
participate. This representative had participated in both the initial interview study and


https://lucidspark.com/

Workshop 1 and expressed a keen interest in remaining involved. With her consent, her
real, first name was acknowledged in the research to authentically amplify her voice
and perspective. Contributions from this individual were incorporated throughout
Workshops 3, 4, and 5, offering valuable insights to ensure the outcomes aligned with
the lived experiences of menopausal Saudi women. The representative was unable to
attend Workshop 2, which was delivered entirely in English to incorporate perspectives
from non-Arabic speaking HCPs. Ongoing engagement was supported through video
calls and WhatsApp messaging.

Rigour and reflexivity
Efforts were made to avoid influencing stakeholders' perspectives at the outset of each

co-ideation workshop. The topic guides, prompts, and storyboards used were
intentionally kept generic, without introducing specific app functionalities or design
features, to prevent biasing stakeholders' input. Instead, ideas emerged organically
through the co-design activities in which stakeholders actively participated. This
approach aligns with best practices in co-design methodoiogy [27].

Although the co-ideation workshops 1-4 followed 2 similar structure, they were
intentionally designed to be flexible. This flexibility allowed stakeholders to guide the
discussions and prioritise the aspects of the proposed solutions that they deemed most
relevant, reflecting the reflexivity and participatory principles central to co-design
approaches [27].

Facilitators remained neutral, refraining from offering personal opinions or reactions
during discussions, with reflexive notes after each workshop capturing any potential
instances where facilitator input might have influenced discussions. Regular debriefing
sessions among the research team helped maintain awareness of these dynamics
throughout the process. Despite these precautions, we acknowledge that the presence
of facilitators and the nature of questioning may still have subtly shaped the
discussions, as is inherent in constructivist qualitative research methodologies [42]. This
limitation is common in participatory research but was mitigated through our

transparent documentation.

The lead researcher's (GS) position as a Saudi female healthcare professional and PhD
researcher with background knowledge of both menopause and PA interventions was
continuously acknowledged throughout the research process. This positionality created
both advantages in terms of cultural understanding, richer discussion, and rapport-



building with participants, particularly from midlife Saudi women (potential end-users),
while also necessitating careful attention to avoid imposing preconceived ideas about
appropriate intervention features. Our reflexive approach involved critically examining
how our professional backgrounds and cultural identities might influence the co-design
process, seeking to leverage these perspectives as resources while privileging the
expertise of stakeholders regarding their lived experiences and contextual realities.

Phase 3: Post-co-design

The post-co-design phase encompasses data analysis and requirements translation
[34]. These steps occurred simultaneously and iteratively, with data analysis
commencing early in the process and directly informing Round 2 of Workshop 5. This
iterative analytical process continued beyond Workshop 5, ensuring a dynamic

refinement of stakeholders’ priorities.

An inductive qualitative content analysis (QCA) approach was used to analyse the
workshop findings. In alignment with the participatory nature of co-design [27], and
following thoughtful discussions with the research team, QCA was chosen for its ability
to identify descriptive themes while remaining close to stakeholders’ voices and
language [43,44], in order to treat them as co-design partners rather than as passive
subjects. Its pragmatic and structured nature makes it especially suited to applied
contexts such as intervention development [45,46].

All workshops were audio-recorded, transcribed verbatim, anonymised, and managed
using Microsoft Excel {(Microsoft Corporation, Redmond, WA). Identifying information
was removed from transcripts to ensure confidentiality. GS conducted qualitative
synthesis of the workshop data including transcripts, facilitator notes, and reflective
summaries compiled at the end of each session. Data from each workshop were
tabulated and triangulated to identify convergent and divergent insights and ideas
across sessions. Recurring codes were grouped across workshops and refined into
meaning-based patterns (themes). These themes formed the basis for the ‘proposed
intervention design strategies’, capturing the core insights of diverse stakeholder
groups. lllustrative excerpts from participants were integrated to contextualise and
substantiate the final recommendations. The data synthesis and consensus were
verified by senior researchers (FH and RF).



The co-design process was inherently iterative, involving a continuous cycle of
identifying areas of agreement, disagreement, and emerging considerations. Insights
evolved progressively through ongoing discussions and reflection. The first four
workshops were conducted sequentially, with each session building on the previous one.
At the start of each workshop, an overview of key insights identified from the preceding
session’s facilitator notes was shared to inform discussions.

Following the completion of the four workshops (round 1), a comprehensive synthesis of
the transcripts was conducted to capture overarching themes. Abstract ideas generated
from stakeholder input were organised and synthesised into potential intervention
directions, translating stakeholder insights into clearly defined intervention design
strategies. These proposed collective strategies were then re-circulated to stakeholders
during Workshop 5 for co-prioritisation and final reflection, enabling participants to
engage with the consolidated findings and further refine the actionable
recommendations for intervention design. The outputs of the final workshop were then
synthesised to produce the final set of recommendations.

Subsequently, the co-design findings were mapped onto the COM-B model, the TDF
domains, and the BCW intervention functions to identify potential behavioural
mechanisms underlying stakeholder co-designed recommendations for future
intervention development [36]. We used a sequential approach in which behaviour
change theory was introduced afier the co-design activities as a secondary, interpretive
layer to contextualise stakeholder-generated recommendations, aiming to improve
conceptual clarity and replicability while preserving the participatory nature of the co-
design process. The lead researcher (GS) conducted the mapping, and two senior
researchers (FH and RF) reviewed the outputs independently. Any discrepancies were
discussed until consensus was reached.

Ethical considerations
Ethical approval for this study was granted by the University College London Ethics

Review Committee (London, UK) as an extension to the qualitative in-depth interview
study (reference number 23,817/001). Local ethical approval was also obtained from
King Saud University, Riyadh, Saudi Arabia (ID no: 22/0477/IRB). Prior to participating,
all participants provided written informed consent after reviewing the study information
sheet. Alongside the consent form, socio-demographic information was collected online
via Microsoft Forms before the workshop day. While some experts among the
stakeholders were proficient in English, all participants were given the choice to conduct



the sessions in Arabic (their first language) or English. Consent materials, including the
Participant Information Sheet and informed consent forms, were translated into plain
Arabic. With the participants' permission, workshops were audio-recorded using
Microsoft Teams, and verbal as well as written confirmation of their consent was
obtained.

All participating stakeholders voluntarily agreed to engage in the co-design workshops
and activities, with ethical considerations strictly adhered to throughout the process.
Confidentiality was maintained at every stage of the study. Participants were reminded
of their right to withdraw from the study at any time. Due to the nature of group
discussions, participants were informed that it might not be possible to remove data
already shared if they decided to withdraw after the workshop, but their data will be
excluded from the final transcripts and analysis. In practice, no participants withdrew

following their involvement in the workshops.

Results
Participant characteristics

Twenty-three participants were involved across five co-design workshops, comprising
potential end-users and key professional stakeholders. Geographically, participants
were based across key regions of Saudi Arabia: Central (Riyadh), Eastern (Al-Khobar and
Dammam), and Western (jeddah and Makkah) (see Table 1).

For the end-user group, all previously interviewed midlife Saudi women were contacted
(n=29). Seven women expressed interest and provided consent. Two did not respond to
scheduling communications, and five confirmed attendance the day before the
workshop. Of these, two were unable to attend due to last-minute conflicts, resulting in
three end-users participating. A total of 35 professionals were invited to participate. Of
these, 28 expressed interest and provided consent, and 23 responded to workshop
scheduling communications. Twenty professionals actively participated in at least one
workshop, while three withdrew prior to the workshops due to unforeseen
circumstances, including a gynaecologist, a psychologist, and a fitness trainer.

Workshop 1 involved three end-user participants, all of whom were physically inactive
or insufficiently active. Two women self-reported as perimenopausal, reporting an
irregular menstrual cycle, while one identified as postmenopausal, defined as 12 or



more consecutive months without menstruation. Participated women varied in marital

status, educational level, and employment status. Workshops 2-5 involved 20

professionals, the majority of whom were female, with only two male professionals, a

policymaker and an app designer. HCPs represented a range of specialisms, including

general practice, family medicine, gynaecology, physiotherapy, occupational therapy,

psychology, and health education (see Table 1).

Table 1: Demographic data of the participating stakeholders (N= 23)

End user Menopause Marital Occupation Educational | Geographical
co-designer @ | stage status cation | region

Stakeholder 1 Perimenopausal® | Married Housewife Umver5|ty Dammam
Stakeholder 2 Perimenopausal ® | Single Part-time work Secondary Jeddah
Stakeholder 3 Post-menopausal Married Retired Postgraduate | Riyadh
c
Professional | Gender Nationality | Occupation Work Geographical
co-designer experience region
Stakeholder 4 | Female Non-Saudi Gynaecologist, University Educational | 10 yrs AlKhobar
Hospital
Stakeholder 5 | Female Saudi Family Medicine Doctor, Women's 8 yrs Riyadh
Health Clinics, Ministry of Health
Stakeholder 6 | Female Saudi Family Medicine Doctor, University 9 yrs AlKhobar
Educational Hospital
Stakeholder 7 Female Non-Saudi Family Medicine Doctor, Women's 7 yrs Dammam
Health Clinics, Ministry of Health
Stakeholder 8 | Female Saudi | Family Medicine Doctor, Ministry of 6 yrs Riyadh
‘ Health
Stakeholder 9 Female ' Non-Saudi Family Medicine Doctor, University 7 yrs Jeddah
Educational Hospital
Stakeholder Female Saudi General Practitioner, Military hospital 7 yrs AlKhobar
10
Stakeholder Female Non-Saudi General Practitioner, Ministry of 8 yrs Jeddah
11 Health
Stakeholder Female Non-Saudi General Practitioner, University 10 yrs Riyadh
12 Educational Hospital
Stakeholder 9 Female Saudi Physiotherapist, Military hospital 9 yrs Riyadh
Stakeholder Female Saudi Occupational Therapist, Ministry of 9 yrs Riyadh
10 Health Tertiary Hospital
Stakeholder Female Saudi Occupational Therapist, Military 10 yrs AlKhobar
11 Medical hospital
Stakeholder Female Saudi Clinical Psychologist, Behavioural 5 yrs Riyadh
12 therapy, Private Mental Health
Medical Centre




Stakeholder Female Saudi Health Education Specialist, Non- 2yrs Riyadh

13 profit Obesity Prevention

Organisation
Stakeholder Female Saudi Physical Fitness trainer, Private Gym 6 yrs Riyadh
18
Stakeholder Female Saudi Physical Fitness trainer, Private Gym 3yrs Jeddah
19
Stakeholder Female Saudi Physical Fitness trainer, Private Gym 3yrs Makkah
20
Stakeholder Female Saudi Policymaker, Ministry of Health 12 yrs Riyadh
21
Stakeholder Male Saudi Policymaker, Ministry of Health 11 yrs AlKhobar
22 Primary Care
Stakeholder Male Non-Saudi App designer, University IT 8 yrs Riyadh
23 programmer and Founder of a digital

company

a: Public members from midlife Saudi women (potential end-users).
b: Perimenopausal, self-reported as currently experience irregular period cycle.
c: Post-menopausal, self-reported as no periods for 12 months or more.

Co-Design findings

Through collaborative discussions with stakeholders, the co-design workshops provided
comprehensive understanding of key PA needs of midlife Saudi women and generated a
range of proposed strategies for tailoring mHealth interventions to promote PA during
menopause. Table 2 provides an overview of all proposed strategies discussed
throughout the co-design workshops.

During the prioritisation activity in Workshop 5, stakeholders assessed all proposed
strategies against the APEASE criteria [36] and prioritised seven concrete design
recommendations from the broader set outlined in Table 2 to form the foundation of a
tailored menopause-specific PA mHealth intervention. These priorities appear to address
knowledge gaps, motivation and user engagement barriers, and sociocultural
considerations essential for promoting PA among midlife Saudi women experiencing
menopause. Although stakeholders during the prioritisation activity perceived social
support opportunities to have moderate direct impact on increasing PA outcomes, they
advocated incorporating social networking features to foster a sense of community and
accountability, and thus recommended as a priority “Do NOW”. The visual outputs from
the prioritisation matrix activity of the remaining priority categories Do Next, Promising
Maybe Later, and Don't Do are presented in supplementary figure 2.



Table 2. Summary of co-designed intervention strategies and implementation priorities

Co-created
Raw stakeholder insights intervention
strategies

Suggested Target SEM

PR A~ e APEASE criteria evaluation

* Low PA literacy amongst Tailored * Bite-sized Individual, High-impact, highly

middle-aged Saudi women educational audiovisual Institutiona | feasible g
» Misconceptions esp. about | modules on modules | A: Low cost to develop 2
strength training PA and e Myth-busting P: Straightforward g
* Knowledge gaps about menopause content implementation
menopause-PA connection ¢ Interactive E: High for knowledge
* Menopause health support quizzes and enhancement
learning A: High for addressing
progress educational needs
trackers S: Minimal risk
E: Requires health literacy
considerations
e Physical challenges Adaptable e Low impact, Individual, High-impact, highly o
(mobility limitations, yet modified Institutiona | feasible <]
menopause-related joint structured exercise forms I, Physical A: Cost-effective and scalable |2
pain, fatigue) exercise e Step-by-step Environme | with on-demand content g
» Confidence barriers and library tutorials with nt P: Practical for home use
fear of injury safety guidance E: High for skill-building
* Preference for accessible * Adjustable ' A: High for addressing varied
home-based activities playback fitness levels and capacities
* Need for culturally options S: Minimal with safety
appropriate private spaces emphasis
for exercise E: Supports users with mobility
* Lack of reliable Arabic limitations
exercise resources
» Affordable compared to
gyms | X
* Weight-loss messaging Empathy- | Local success | Individual, High-impact, highly o
less effective driven stories Societal feasible <]
» Preference for self-care messaging ¢ Empathy- A: Affordable with behavioural |2
framing of PA driven (positive) support features g
* Need for menopause- narratives P: Easy to implement
relevant, age-relevant * Self-discovery E: Effective for sustaining PA
approaches ‘ tools focus on through empathetic
self-care encouragement
approach A: Highly acceptable for
emotional engagement
S: Minimal risks with cultural
alignment
E: Equitable across diverse
menopausal women
 Celebration of progress Progress ¢ Visual Individual High-impact, highly o
over outcomes tracking and | progress tracker feasible (]
» Reinforce holistic benefits | feedback * Achievement A: Affordable with simple front- | 2
of exercise beyond physical mechanisms | tracking with end elements g
transformation. positive P: Easy to implement with
e Motivation from immediate reinforcement minimal technical demands;
benefits (e.g., energy ¢ Milestone can be automated
boosts, mood celebrations E: Effective for sustaining PA
improvements, pain, sleep with badges through positive
quality) * Reflective reinforcement; inclusion of
* Need for culturally prompts and spiritual cues may enhance
relevant affirmations. reminders contextual relevance and
e.g., "/ fee/ effectiveness
energised", "my A: Highly acceptable due to




Raw stakeholder insights

Co-created
intervention
strategies

Suggested

features

Target SEM
Levels

APEASE criteria evaluation

Ruku and emotional resonance
Sujood postures S: Minimal risks; focusing on
has Improved!” progress not perfection.
E: Equitable and adaptable
across diverse users
* Wide variation in fitness Personalisati | ¢ Customisable | Individual High-impact, highly o
levels and capabilities on and plans based on feasible o
* Menopausal symptoms customisatio | women’s A: Affordable using user data 2
vary and fluctuate, new n individual needs P: Practical for basic features g
health conditions among * Periodic self- E: High for addressing
midlife women assessment individual needs
* Need for adaptive ¢ Adaptive A: High for tailored
approaches progression experiences
system S: Minimal with proper design
* Filtering tools E: Accommodates diverse
for exercise users
library
* Value of peer support Social and « Women-only Interperson | Moderate-impact, highly o
and accountability community forums al, Societal | feasible (-]
* Privacy concerns requiring | support ¢ Anonymous A: Affordable basic features 2
sensitive approaches participation | P: Requires moderation g
options E: Moderate for engagement
* Moderated A: High as women-only space
group S: Moderate risks without
challenges moderation
e Virtual E: Connects similar fitness
exercise levels and lived experiences
matching
buddies
* Lack of cultural Culturally * Arabic content | Interperson | High-impact, highly o
encouragement for PA in tailored | » Modest al, feasible o
midlife/ menopause platform visuals Institutiona | A: Affordable localisation 2
e Importance of religious ¢ Integration I, Societal P: Practical implementation g
alignment with cultural E: High for cultural
* Need for Saudi cultural practices engagement
context integration (dance) A: High respect for cultural
* Religious norms
practice S: Minimal risks
alignment (e.g., E: Ensures cultural inclusivity
Salah)
* Lifestyle resources beyond | Lifestyle tips | Individual Moderate-impact, highly o
PA (e.g., meditation, sleep Supplementary feasible (]
hygiene, nutrition advice, modules A: Low-cost integration of 2
hot flash management) lifestyle content ‘,'2
P: Easy implementation as -
optional modules without
disrupting core PA functions
E: Moderately effective -
additional guidance can
enhance adherence
A: Acceptable as women value
holistic menopause health
support
S: Minimal risks if expert-led
E: Equitable with
considerations for literacy,




Raw stakeholder insights

Co-created
intervention
strategies

Suggested

features

Target SEM
Levels

APEASE criteria evaluation

language, and cultural
relevance

* Need for dynamic,
personalised support
* Interest in real-time
adaptations

Al-adaptive
recommenda
tions

« Al adaptation
based on
symptoms

e Dynamic
exercise
recommendatio
ns

Individual

Moderate-impact, less
feasible

A: Moderately affordable but
requires advanced technology
P: Less practical due to safety
concerns and complexity

E: Moderately effective with
potential

A: Acceptable with expert
reservations about reliability
S: Potential risks if inaccurate
guidance

E: Less equitable for those with
low digital literacy; barriers
noted for middle-aged Saudi
women navigating Al tools

J193e] agAew ‘Buisiwold

* Credibility of Saudi health
professional

* Medical guidance and
support

* Menopause: under-
discussed in clinical settings,
cultural stigma and privacy
concerns barriers

Expert tele-
consultations

¢ Professional
consultation
options

Individuai,
Interperson
| al
Institutiona
|

High-impact, less feasible
A: High-cost requiring
investment in trained
professionals

P: Less practical due to
resource demands

E: Highly effective for
personalised advice

A: Acceptable with female
professionals

S: Minimal risks with qualified
experts

E: Less equitable due to
limited accessibility; women
prefer multiple sessions.
Alternative: provide
information on accessing
menopause care in Saudi
Arabia

J93e] 3gAew ‘buisiwoid

* Some interest in providing
basic equipment
» Targeting gym cost issues

Equipment
consideratio
ns

* Exercise
home-kit

Individual,
Institutiona
|

Less-impact, less feasible
A: High cost

P: Logistical challenges

E: Low to moderate

A: Moderate, not main barrier
S: Minimal with guidance

E: Limited impact

oqQ juoqg

Note: APEASE criteria: Affordability, Practicability, Effectiveness, Acceptability, Side effects/safety,
Equity. Priority ratings indicate recommendation for implementation: "Do Now" (immediate), "Do Next"
(secondary), "Promising, Maybe Later” (future consideration), and "Don't Do" (not recommended).




Stakeholder priorities for intervention design recommendations
(1) Tailored educational modules on PA and menopause
Addressing PA literacy

Stakeholders identified a significant gap in PA literacy among middle-aged Saudi
women, who often equate household chores with moderate-intensity PA, possibly due to
the temporary fatigue they cause. However, these activities generally lack the
sustained effort and muscle engagement necessary for health benefits.
“We need to raise awareness about what counts as PA and what doesn’t. Some
women reported exercising daily, but upon inquiry, they referred to household chores
such as cleaning and cooking” (Stakeholder 5, Family Medicine Doctor, WS2)

To address this, stakeholders recommended that the mHealth intervention deliver clear,
accessible, and age-appropriate educational modules. These should explain structured
PA and exercise emphasising intentional movement, sustained intensity, and
progressive overload in adherence with PA guidelines, through engaging formats such
as short videos, quizzes, and trackers.

“The app should deliver bite-sized PA information via short videos and interactive

materials, each with clear objectives and actionable steps..” (Stakeholder 19, Fitness

trainer, WS4)

Menopause-specific PA content

Stakeholders stressed the need for PA content to be meaningful and relatable that
validates and addresses menopause-related challenges to help women feel understood
and empowered.
“l imagine the content of a PA app to be adapted... That means it would recognise
menopausal symptoms in its content to help women feel more empowered..”
(Stakeholder 20, Fitness Trainer, WS4)

Stakeholders emphasised educating women on menopause-related symptoms such as
fatigue, low energy, hot flushes, mood swings, and sleep disturbances, which could
diminish motivation to engage in PA. Educational messaging should connect PA with
symptom relief, including improved bone and muscle health, reducing pain, better
mood, increased energy, and enhanced self-confidence.
“We need to say it loud: PA helps women navigate menopause. We hear about its
general benefits, but few act on it” (Stakeholder 1, menopausal women, WS1)



Emphasising resistance training

Resistance training was seen as particularly beneficial but underutilised due to cultural
misconceptions about its perceived safety for older women and appropriateness for
women in general.

“There is this idea that because we are older or just as a woman, resistance training
or strength exercise might be inappropriate or even harmful. We need to get
informed that it can help us feel better and live stronger” (Stakeholder 3,

menopausal women, WS1)

Stakeholders recommended promoting low-impact resistance exercises to address
common age- and menopause-related concerns such as joint discomfort and body pain,
and combat muscle loss (sarcopenia) and osteoporosis, using tools such as bodyweight,
bands, and modified positions to ensure accessibility and safety.
“This phase [menopause transition] comes with some physical weakness due to
estrogen drop, and naturally, as we age, muscles start to weaken gradually. Regular
training helps reduce muscle decline” (Stakeholder 20, Fitness trainer, WS4)

Stakeholders also highlighted resistance training as a cost-effective preventive measure
that could reduce the need for later physiotherapy and enhance long-term health and

resilience.

(2) Adaptable yet structured exercise library

Home-bosad and culturally appropriate

Due to the high cost and limited access to women-only gyms in Saudi Arabia,
stakeholders favoured home-based solutions.
“We as clinicians can encourage women to join the gym, but high gym costs often
make this inaccessible... Instead, doctors should consider recommending home-
based activities where possible” (Stakeholder 21, Policymaker and Practitioner, WS5)

HCPs also noted a lack of reliable, Arabic-language online PA resources available and
specifically for women undergoing menopause or those with joint issues.
“Not all online PA sources are safe or suitable or can be trusted to provide exercise
programs for women in menopause, especially for women with knee or back pain”
(Stakeholder 9, Physiotherapist, WS3)



Consequently, stakeholders recommended an mHealth app with an adapted, evidence-
based exercises tailored to midlife Saudi women, including low-impact and joint-friendly
resistance exercise routines and progressive intensity options.

“No fitness coaches address menopause or offer exercises for older groups... we
need tailored programs for women in menopause” (Stakeholder 20, Fitness Trainer,
WS4)

“From my experience, some women in this demographic have joint issues or limited
mobility... modified positions should be offered, otherwise this might make things
even worse” (Stakeholder 18, Fitness Trainer, WS4)

Chair-based exercises were also proposed as alternatives for women with significant
mobility constraints, though further evidence on their effectiveness is needed:
“For women with knee pain or those who can’t walk due to issues like osteoarthritis,
we could at least recommend chair-based exercises...” (Stakeholder 6, Family
Medicine Doctor, WS2)

Confidence-building and safety-focused tutorials

Fear of injury was identified as a major psychological barrier, described by one woman
as an “invisible barrier (,o2¢J| ;> = !i) to PA” (Stakeholder 1, Menopausal Woman,
WS1). This fear, rooted in prolonged sedentary lifestyles and limited exposure to
structured PA, can intimidate midlife Saudi women, especially beginners.
“The app should have a pre-beginner level bundle for those who’ve never
exercised” (Stakeholder 2, Menopausal Woman, WS1)

Stakeholders from fitness trainers recommended beginner-friendly guidance, warm-up
and cool-down routines, and clear instruction on distinguishing “good” vs. “bad” pain.
Features like slow-motion, audio-guided video demos, and repetition options were
suggested to build user confidence and competence.
“Many women have low PA skills. Instructions should be simple and repeated to build
confidence” (Stakeholder 20, Fitness Trainer, WS4)

(3) Empathy-driven messaging

Stakeholders advocated for an empathetic approach in crafting PA messaging tailored
to menopausal women, emphasising shifting away from traditional weight-loss centric



messaging toward empathetic narratives focused on self-care, self-worth and emotional
resilience during menopause.

“It's natural for a woman to see her routine change completely with the menopausal
transition. Connecting PA with self-care, purpose, and self~-worth can be more
encouraging than focusing on aesthetics or weight loss” (Stakeholder 12, Clinical
Psychologist, WS3)

They advocated for using relatable stories of midlife Saudi women navigating
menopause with PA and encouraging users to identify personal motivations.
“Sharing authentic stories of local women engaging in exercise while navigating
menopause can inspire others and help them find their motivation” (Stakeholder 18,
Fitness Trainer, WS4)

(4) Progress-tracking and feedback mechanisms

Stakeholders stressed that the mHealth intervention features should prioritise
celebrating personal progress with visual trackers, badges, and milestone recognitions
rather than emphasising major physical transformations.
“The app should build a narrative of hope arid empowerment... focus away from body
image to personal progress” (Stakeholder 20, Fitness Trainer, WS4)

Incorporating compassionate prompts or affirmations reflecting improved mood, energy,
and self-control was also recommended to emphasis the immediate psychological
effects of exercise, refiecting a preference for menopause-relevant reinforcement that
could help motivate sustained engagement.
“Immediate benefits like feeling energised, or gaining self-control post-workout are
often underrated but essential for motivation” (Stakeholder 20, Fitness Trainer, WS4)

Consistently, stakeholders urged acknowledging menopausal symptoms
compassionately, encouraging women to “work with bodily changes rather than against
them” (Stakeholder 12, Clinical Psychologist, WS3). It appeared that none of the
stakeholders proposed the inclusion of a feature for monitoring menopausal symptoms
over time. This may suggest that symptom tracking was viewed as less essential within
the proposed menopause-specific mHealth PA intervention.

(5) Personalisation and customisation

Stakeholders reached a consensus that a one-size-fits-all approach is insufficient.
Individual-level tailoring and flexible adjustments were seen essential to meet diverse



menopausal women'’s needs. Customisation and personalisation emerged as pivotal

features in addressing the diverse requirements and conditions of midlife Saudi women.
“Offer a range of exercises and adjustments to suit lifestyle and health conditions”
(Stakeholder 22, Policymaker, WS5)

Prioritised suggestions included onboarding questionnaires assessing joint pain, fatigue,
PA levels, and preferences, setting individualised goals and plans.
“It is iImportant to offer personalised guidance... Initial assessment can create
individualised plans based on specific cases and physical abilities” (Stakeholder 20,
Fitness trainer, WS4)

An agile, adaptive approach with flexible tools such as filtering exercise libraries and
periodic reassessments was recommended to enhance relevance in long-term as
circumstances evolve.
“It would be useful to filter out the exercise library by condition like strengthening
exercises after an injury, or exercises for weak knees or in case of arthritis. helps

avoid overwhelm and boosts relevance” (Stakeholder 1, menopausal women, WS1)

(6) Social and community support features

Social and community components were discussed in most workshops. Many
stakeholders noted the lack of social and emotional support hinders PA adherence for
midlife Saudi women. Peer support groups, in-app chats, and moderated forums were
encouraged to share common experiences and challenges, celebrate successes, and
reduce isolation.
“A community makes PA more enjoyable and keeps women connected” (Stakeholder
19, Fitness Trainer, WS4)

Comparison and group-based PA challenges were viewed as desirable by some women:
“Imagine signing up for a monthly challenge with friends or even strangers you meet
through the app... that would sound interesting” (Stakeholder 2, menopausal woman, WS1).
However, professional stakeholders expressed some reluctance, emphasising that such
challenges must be carefully tailored to women'’s abilities to avoid discouragement.
“I would be worried if challenges are set to all users without adjusting to different
women'’s needs and physical abilities, as this might be discouraging or sometimes
unsafe” (Stakeholder 12, General Practitioner, WS2)



The idea of virtual exercise buddy matching gained traction, with stakeholders
supporting the careful pairing of women with similar goals, interests, or proximity to

provide mutual encouragement.

To respect cultural sensitivities, stakeholders recommended women-only forums, along
with options for anonymous usernames to accommodate cultural privacy concerns.
Notably, no significant concerns were raised about data security or information privacy
during the workshops, which may suggest that social and cultural norms surrounding
privacy were more influential in this context.

(7) Culturally tailored platform

Stakeholders recognised increasing acceptance of PA among Saudi women but noted
older generations face entrenched cultural norms emphasising modesty and
perceptions of women as delicate, limiting exercise engagement.
“Women in their fifties and sixties grew up where exercise was discouraged and
seen as inappropriate as societal norms emphasised modesty and portrayed women
as delicate, or soft” (Stakeholder 22, Policymaker, WS5)

They suggested adapting the intervention to fit the Saudi cultural context to support
socially acceptable, long-term PA adherence. For example, dance, a culturally familiar
and enjoyable activity, was suggested as a possible gateway to PA participation for
midlife Saudi women.
“Many middle-aged women enjoy dancing, like belly dance classes, which could
encourage PA” (Stakeholder 7, Family medicine, WS2)

Stakeholders emphasised aligning PA messaging with Islamic principles and religious
practices. Suggestions included incorporating Quranic verses that promote health and
framing PA as essential for maintaining bone, muscle, and joint health to support
comfortable worship (daily prayer ‘Sa/ah’). This idea resonated strongly with
menopausal women in Workshop 1, where one participant shared how strength and
flexibility helped her perform bowing (Rukoo’) and prostration (Sujood) more
comfortably. This sparked broader discussion on how PA, particularly strength and
flexibility training, could enhance spiritual fulfilment and motivation by connecting
exercise to deeply held cultural and religious values.

Stakeholders also emphasised the need for the intervention to use simple Arabic
language, local dialects, and familiar analogies to describe exercises. For example, “pul/



up as If putting something on a high shelf” or “push forward as if closing a heavy door”
HCP, WS2, to simplify exercise forms. Fitness trainers recommended using culturally
appropriate exercise references, such as rebranding yoga as “stretching and flexibility
exercises” due to its local association with ritual rather than fitness. Stakeholders also
advised using modest visuals and non-revealing attire of trainers to align with
conservative cultural and religious norms, thereby fostering acceptance and supporting
long-term engagement.

Integration of the optimised menopause-specific PA app in Saudi Arabia:
implementation supporting strategies

While the design recommendations discussed above define what the intervention
should include, stakeholders in the final workshop shifted their focus toward how the
mHealth intervention could be effectively integrated and sustained within existing
health and social systems in Saudi Arabia. They concurred that promoting PA among
menopausal Saudi women requires a holistic ecosystem approach that embeds the
mHealth app within users’ lived realities and aligns it with broader structural systems to
support sustained engagement and intervention sustainability.

"A holistic approach can ensure Saudi women receive the full range of support

they need and not promote PA in isolation of their local context” (Stakeholder 22,

Policymaker).

Stakeholders reported that while most midlife Saudi women today are educated and
familiar with smartphones, digital literacy varies and might pose challenges for some
users, highlighting the need for simplified app design with intuitive navigation and step-
by-step tutorials. A blended delivery model was also proposed, combining in-person
induction with ongoing virtual support, and offering in-app help desks, training, and
community-based young female “tech ambassadors”. However, due to social privacy
concerns, the representative woman expressed a preference for family-based
assistance (e.g., from a daughter or granddaughter).

"..Today's generation of women in their fifties are mostly educated, many of us
have jobs and are more likely to use smartphones for everyday activities and
look up answers online, whether it’s about health, exercise, or something else"
(Stakeholder 1, menopausal women).

"Some may need more guidance in person or at least on a video tutorial”
(Stakeholder 20, Fitness trainer)




Involving trusted institutions, particularly the Saudi MOH and multidisciplinary HCPs,
was highlighted as crucial for credibility and trust. Co-creation of intervention content
with Saudi-based experts and promoting the mHealth app via primary care settings was
emphasised as an optimal entry point for menopausal women seeking health advice.
One GP proposed quick-reference materials to streamline app promotion during clinical
visits: "Menopause can be overlooked [...]. It could save time for both doctors and
patients, but we need a manual or a quick guide for doctors to promote the app usage
through screening a QR code or distributing pamphlets" (Stakeholder 10, GP).

MOH oversight was identified as a beneficial long-term strategy to enhance public trust
and remove financial barriers. However, the group discussion revealed that government
endorsement may require prolonged administrative processes. Integration with the
national health platform (Sehhaty “MyHealth”) was also viewed positively, providing
opportunities for personalised care and adherence to the intervention: “/f my doctor
knows I've made progress on my PA over the last three months, possibly by integrating
my data with the Sehhaty app, it could make routine consultations with my GP more
productive” (Stakeholder 1, menopausal woman). Yet, stakeholders from a policymaker
and an app designer cautioned that data privacy regulations and technical
interoperability would present challenges requiring substantial policy alignment.

Cross-sector partnerships among public health, sport authorities, fitness centers, faith
and non-profit organisations were viewed essential for dissemination. Large media
campaigns were recommended but may be resource-intensive; collaborating with
popular social media influencers targeting middle-aged Saudi women was suggested as
an effective alternative for raising awareness and intervention uptake: “Awareness
should begin on social media, but health and fitness content is rarely featured by the
popular figures this demographic follows, who mostly focus on fashion and food”
(Stakeholder 20, fitness trainer).

During feasibility assessment, stakeholders reflected on the practicality of the proposed
strategies for supporting intervention implementation. Intuitive interface design,
onboarding tutorials, family-based digital support, HCPs involvement in content
development, and social media campaigns were identified as high-impact immediate
goals likely to enhance digital literacy and acceptability for taking up the intervention.
Blended delivery approaches and promotion via primary care pathways and national
mass media campaigns were categorised as medium-term goals that could perhaps



improve intervention accessibility and engagement. Integration with the national health
platform and the establishment of sustained public-private partnerships were
recognised as longer-term objectives, requiring further regulatory alignment and direct

governmental support.

Together, the prioritised intervention design recommendations and implementation
strategies identified through the stakeholder discussions informed the development of a
co-desighed conceptual framework for contextually tailoring a mHealth PA intervention
for midlife Saudi women experiencing menopause (Figure 4). While grounded in
stakeholder input, the framework was derived from rather than co-created during the
co-design workshops. It serves as a practical guide for optimising and integrating a
culturally tailored mHealth intervention to support PA among menopausal Saudi women.

Stakeholder-Validated Barriers and Needs Prioritised Intervention Recommendations Supporting Strategies
(High priority in-app components)

Tailored educziionai moriules on PA
ana menopause
(user-friecnaly audiovisual short modules,
A, myth-busting confent, and interactive quizzes)

Low PA literacy

Misconceptions about strength training

Knowledge gaps about menopause-PA connection

- ) . Empathy-driven messaging
Menopause-related challenges (joint pain, fatigue) (success stories and positive reframing of PA and
menopause)

Evolving needs and health conditions during menopause

B < 4 Technical support & training
Fear of injury and confidence barriers Progress tracking & feedback —
mechanisms
A (self-monitoring, milestone, small wins
Motivation challenges celebrations, affirmation prompts)
Loneliness during menopause D
) » ” Adaptable structured exercise library < Healthcare Integration and
Privacy concerns requiring sensitive approaches % (beginner-friendly, low-impact resistance training R HCPs involvement
«  with minimal equipment, safety and skill-building -
A :
- vy tutorials)
Insufficient healthcare support for boti menopause and PA LN
Cultural barriers to menopause discussions in primary care P Per lisation & P .
(personalised goal-setting, periodic assessment < Cross-sector partnerships
and adaptive mechanisms, filtering tools) Ty
Gym high costs
Lack of reliable Arabic PA resources
Social & community support features
. - (Privacy-enabled in-app chats, moderated group
Home-based exercise preferences (facilitator) challenges, virtual exerc‘ise Bt s

Cultural stigma around menopause
Culturally tailored platfrom

Ineffective PA messaging (Arabic, modest visuals, culturally resonant
activities and integration with religious values and
Lack of cultural encouragement for midlife PA Salah postures)

Individual
Interpersonal
Institutional and built environment

Societal

Figure 4: A co-designed conceptual framework guiding optimisation and integration of a
menopause-specific PA mHealth-based intervention in Saudi Arabia.



COM-B MAPPING

The behavioural mapping reveals clear patterns in how the stakeholder co-designed
recommendations aligned with different COM-B components [36]. The analysis suggests
theoretical coherence in stakeholder priorities and highlights areas where the co-
desighed recommendations may be less represented. All six COM-B components
(physical and psychological capability, reflective and automatic motivation, and physical
and social opportunity) appear to be addressed through the co-designed, prioritised
intervention design recommendations in a synergistic way, although the level of
emphasis varies between primary and indirect pathways. Primary pathways refer to the
most direct mechanisms through which each co-designed recommendation is expected
to influence behaviour, while indirect pathways refer to additional supporting processes
that may occur alongside the primary mechanisms creating complementary effects.
Detailed tabulations are provided in supplementary file 3.

The mapping suggests that the co-design process with stakehoiders helped translate
lived experiences into concrete recommendations that align with established behaviour
change theory [36]. The range of TDF domains refiected in the recommendations,
including knowledge, skills, beliefs about consequences, identity, reinforcement, and
emotion, implies that stakeholders recognised behaviour change as multifaceted and
produced recommendations spanning multiple COM-B pathways. However, there
appears to be a concentration of recommendations targeting psychological capability
and reflective motivation. This pattern aligns with the priorities voiced during co-design
but may need to be complemented with additional strategies that support long-term
behaviour change, such as attention to habit formation strategies and broader
environmental restructuring.

The intervention functions within the BCW appear to be engaged predominantly through
education, enablement, persuasion, and training. These functions are evident across the
co-desighed intervention design recommendations and supporting strategies, reflecting
stakeholder emphasis on knowledge provision, skill development, and motivational
framing. Approaches such as coercion, restriction, and legislation do not appear in the
co-designhed recommendations, which is consistent with the participatory nature of the
process and its focus on voluntary PA behaviour change. The supporting strategies
introduce policy categories that extend beyond individual-level intervention, suggesting
that stakeholders recognised that sustainable PA behaviour change requires structural



enablers beyond the digital intervention. Technical support and training to address
digital literacy barriers, healthcare integration to enhance professional credibility and
routine embedding, and cross-sector partnerships were proposed as potential
mechanisms to support shifts in social norm through established and trusted community
structures.

Mapping the recommendations onto COM-B, TDF, and BCW provided a structured lens
to evaluate the comprehensiveness of the stakeholder co-designed recommendations in
potentially addressing capability, motivation, and opportunity components relevant to
influencing PA. The mapping was also useful to highlight areas where the
recommendations could be strengthened and indicated that linking them to behaviour
change frameworks can serve as a reference for iterative refinement and enhancing
replicability. Further refinement should be guided by continued stakeholder
engagement and evidence from real-world implementation.

Discussion
Principal findings

This paper reports the co-design process aimed at developing an mHealth-based
intervention to support PA among midiife Saudi women experiencing menopause.
Multidisciplinary stakeholders collaboratively identified key intervention
recommendations and implementation supporting strategies, outlining how tailoring can
be applied when designing mHealth PA interventions for this population. The co-
designed recommendations emphasised the importance of tailoring for menopause-
related needs and life-stage considerations, cultural sensitivity and alignment, and
varied digital literacy and skills. The co-designed recommendations are consistent with
the COM-B model, which posits that increasing capability, motivation, and opportunity
supports behaviour change [36]. These participatory insights may help inform the future
development and optimisation of acceptable and potentially engaging mHealth PA
interventions for midlife women in Saudi Arabia.

Comparison with previous work

A recent review on PA during the menopausal transition emphasises the need for
tailored strategies that promote empowerment, highlight menopause-specific health
benefits, support self-efficacy and injury prevention, facilitate social support, and ensure



equitable access to suitable opportunities [47]. These priorities correspond with the
recommendations generated in the present workshops, including menopause-specific
educational modules, empathetic messaging, adaptable exercise libraries, social
interaction options, and measures to support digital skills and inclusivity in mHealth
tools. Similar considerations were identified in the Australian Active Women over 50 co-
design work, which stressed the importance of life-stage relevant information, realistic
goals, accountability, and non-guilt framing [48,49], suggesting that midlife women
across contexts encounter comparable capability and motivation-related barriers.
Consistent with evidence from Ireland positioning PA as self-care and mental wellbeing
support [50], stakeholders in this study recommended framing PA around self-care and
resilience rather than appearance or weight loss focused messaging. These
perspectives align with women-centred approaches that recognise lived experiences
and biopsychosocial influences during menopause [51,52]. Concerns related to ageing,
body image, and stigma, which emerged in our earlier qualitative work with Saudi
midlife women [33], may constrain perceived capability, increase self-blame, and
reinforce disengagement from PA.

Supporting the focus on user-centred design, recent qualitative analysis of user-
generated posts on the X platform related to five popular fitness apps identified
negative emotional responses, including shame, guilt, and demotivation, suggesting
that such apps may produce unintended emotional or behavioural consequences and
potentially contribute to disengagement [53]. Although based in Western contexts,
these findings align with insights from the current co-design workshops, where
stakeholders generated and prioritised strategies such as empathetic messaging,
menopause-relevant content, flexible goal setting, adaptable activity plans, and cultural
appropriateness. Collectively, these perspectives could suggest that reliance on
numerical tracking and rigid goal-setting features, which are common in many fitness
apps, may be viewed less desirable and less suitable for supporting sustained PA
participation and wellbeing among midlife women.

Promoting resistance training emerged as a particularly valued component, reflecting
evidence underscoring its importance for midlife and ageing women, those at risk of
sarcopenia or osteoporosis [54,55]. Stakeholder suggestions for graded progression,
safety cues, and self-paced controls mirror recommendations from a review calling for
strength training interventions for women that address misconceptions, emphasise
personally meaningful benefits, and adapt activities to available resources [56].



Comparable participatory research with people living with chronic health conditions has
highlighted the importance of flexible intensity, duration, and delivery to support
adherence [57]. The workshops insights also align with international evidence showing
that flexibility and individual-level tailoring are key to improving PA uptake among older
adults [58,59]. Personalisation and adaptive features were seen as necessary to
accommodate differences in menopause trajectories, health conditions, baseline fitness
levels, and prior exercise experiences, supporting autonomy as circumstances evolve
[60].

Stakeholders welcomed social support options such as moderated forums and buddy
systems, though interest in comparison or competition was mixed, reflecting concerns
that variations in symptoms and physical capacity could make comparison discouraging.
The preference for self-comparison aligns with findings from adults and older adults
using PA apps [60-62]. A previous mHealth PA intervention study targeting midlife
American women have reported low engagement with community forums, highlighting
the need for active facilitation to sustain participation [63,64]. Similarly, other co-design
research has recommended clear participation criteria and the involvement of
moderators and facilitators drawn from local midlife women’s communities [48,49].
These insights suggest that effective online peer support depends on ongoing
facilitation and community building rather than platform design alone.

This study contributes to limited evidence on how cultural tailoring can be
operationalised for mHeaith PA interventions targeting Saudi midlife women. Although
cultural sensitivity is widely emphasised, detailed reporting on adaptation processes is
often lacking [65]. The workshops indicated that tailoring extends beyond language
translation or modest imagery, requiring strategies addressing cultural beliefs and
norms that influence menopause and PA. Suggested approaches included reframing
menopause terminology using positive Arabic expressions, integrating faith-aligned
motivational cues, offering modest and home-based exercises, and enabling anonymous
participation. These strategies reflect structural tailoring as described by Resnicow et al.
[66]. Similar culturally tailored design principles have been employed in interventions
for African American midlife women, which used culturally familiar role models and
identity-reflective voiceovers [63], and for Arab women in Australia, where culturally
meaningful content and women-only delivery supported acceptability [67]. Stakeholders
in this study extended these insights by proposing the integration of Islamic self-care



values, such as linking resistance training benefits to comfort during prayer
movements.

Stakeholders also emphasised the importance of embedding the mHealth intervention
within broader health and social system pathways rather than treating it as a
standalone digital tool. Proposed strategies included encouraging family-mediated
digital assistance, supporting mHealth referral pathways within primary care,
integrating with the MOH’s national mHealth platform, and establishing cross-sectoral
partnerships. These recommendations for implementation correspond with recent
qualitative work with policymakers in Saudi Arabia, which identified mHealth
technologies as promising for PA promotion but highlighted the need for coordinated
government oversight, technical capacity, and collaboration across sectors [68]. Such
insights reflect a socio-technical perspective in which mHealth interventions operate
within systems shaped by cultural norms, infrastructure, and governance [69,70].
Family-mediated digital support appeared more acceptable than external community
champions, contrasting with Western models that empioy peer navigators or lay health
workers [71,72]. This suggests that participatory co-design can help identify culturally
grounded strategies for digital inclusion that broader frameworks may overlook.

The workshops also highlighted potential risks. Integrating the intervention into
healthcare pathways may unintentionally contribute to the medicalisation of
menopause, shifting PA from a self-care practice to a treatment narrative. While
professional endorsement may normalise help-seeking, careful implementation is

required.

Co-design process limitations and strengths

This study represents one of the first applications of a structured co-design approach
aimed at digital health intervention development and optimisation in the Saudi Arabian
context. However, several limitations should be acknowledged and warrant critical
reflection. First, a key limitation concerns the limited number of midlife Saudi women
who participated in the group-based workshops; notably, three engaged actively and
only one woman acted as a representative and took part in the cross-sectional
prioritisation workshop, despite multiple invitations being extended to eligible
participants from the earlier interview phase. This limited end-user representation in the
co-design activities may have influenced the power dynamics and reduced the diversity



of women's voices in shaping or prioritising recommendations, potentially skewed
towards professional perspectives emphasising feasibility and implementation
practicality. However, this limitation was partially mitigated by the preceding phase of
29 in-depth, one-one-one interviews and think-aloud sessions, through which women’s
perspectives, lived experiences and mHealth expectations had already been captured
and used to inform workshop materials and recommendation direction.

It is also possible that cultural norms around modesty and social privacy made some
women less comfortable to engage in group-based settings, a consideration raised by
our PPI members, which may have contributed to the limited recruitment and
representation of women in the workshops. This points to a potential tension between
participatory co-design aspirations and the contextual sociocultural barriers to group-
based participation among Saudi midlife women. While broader end-user participation
would have strengthened the prioritisation stage, it is worth noting that Workshop 5 was
primarily intended to refine rather than generate new recommendations. Nevertheless,
it remains critically important that future development phases validate the final
prioritised recommendations with larger and more diverse samples of menopausal

Saudi women.

Second, the exclusive use of online workshops, although pragmatic and logistically
advantageous, the virtual format may have reduced opportunities for spontaneous
interaction, informal rappoit-building, and creative exchange. It may also have shaped
participation dynamics by favouring individuals with higher digital confidence,
potentially influencing whose voices were most prominently expressed. These
considerations highlight digital literacy and accessibility as concerns relevant to both
research methodology and intervention design, suggesting that future co-design and
implementation phases should incorporate hybrid engagement strategies and more
targeted digital inclusion approaches.

Third, the absence of direct engagement with key community actors, such as social and
religious leaders, may have limited opportunities for deeper cultural validation and
broader community endorsement. Nevertheless, local stakeholders likely drew upon
both their personal and professional perspectives throughout the co-design process,
partially reflecting broader community values.



Finally, although informal feedback from participants was positive and some
professional stakeholders requested copies of the storyboards used during the
workshops, the co-design process was not formally or anonymously evaluated. This may
have limited the extent to which stakeholders felt comfortable sharing critical feedback.
This reflects the study’s primary focus on generating tailored intervention design
recommendations rather than systematically assessing the co-design process itself
within cultural contexts. Embedded reflexive practices, including facilitator
observations, documentations, and iterative adaptations of workshop topic guide,
helped support process transparency. However, these approaches do not substitute for
formal evaluation of inclusivity, participant empowerment, and satisfaction. Future
participatory research should therefore incorporate more systemic process evaluation to
inform best practices in co-design for digital health interventions in conservative and
underrepresented contexts.

Co-design methodologies remain relatively underexplored in Saudi Arabia and the wider
MENA region, and this study represents a meaningful contribution to participatory
health innovation in this context [73]. A key strength was the inclusion of a diverse
range of stakeholders, including HCPs, fitness trainers, an app developer, policymakers,
and menopausal women themselves, ensuring that intervention recommendations were
informed by both lived experience and professional expertise. The use of homogenous
stakeholder groups in the eariy co-ideation workshops helped reduce power imbalances
and fostered inclusive, safe spaces where all voices could be heard [31].

Additionally, the invitation of a midlife Saudi women’s representative to participate in
professional sessions helped maintain a connection to real-life intervention needs and
enabled a meaningful exchange of perspectives. However, her contribution was not
possible in Workshop 2 due to a language barrier, as that session was conducted in
English to accommodate non-Arabic-speaking professionals. We carefully monitored
group interactions to ensure that women'’s voices remained central to the process. Co-
facilitation further supported active participation across stakeholder groups and
contributed to more equitable involvement in idea generation and decision-making,
which are core principles of co-design [74,75]. The sequential approach and the
integration of our earlier qualitative interview findings with midlife Saudi women into
visual storyboards helped enrich workshop discussions and made abstract ideas more

accessible [76].



Conducting workshops online appeared to facilitate participation across geographic and
professional boundaries, overcoming logistical challenges and enabling flexible
language use among diverse groups. Similar applications of online co-design have been
documented in the literature, particularly within digital health projects [77].

The final workshop incorporated a structured prioritisation activity that supported active
engagement and transparent decision-making. The 2x2 matrix is a commonly used tool
in design thinking [78] and has been applied for stakeholder mapping across a range of
settings [79]. The application of APEASE criteria during the prioritisation workshop
further supported a structured and transparent approach to decision making [36].
Additionally, mapping co-design outputs onto COM-B, TDF, BCW intervention functions
enhanced the theoretical robustness and replicability of the proposed intervention
model [36].

Reflections on the co-design outcomes and implications

Our critical reflection on the co-design workshops, informed by the subsequent
theoretical mapping, identified areas requiring more explicit attention in future work.
First, although stakeholders recognised barriers to PA during menopause across
individual, social, and environmental ievels, many of the co-designed and prioritised
ideas focused on addressing women's knowledge, confidence, and motivation. This
pattern was further reflected in the behavioural mapping, which indicated a
concentration on psychological capability and reflective motivation. This concentration
may have been unintentionally influenced by several factors. For example, the focus on
mHealth as the primary intervention modality, alongside the feasibility-oriented
prioritisation approach adopted in the final workshop, may have favoured more
immediate and implementable individual-level strategies. Alternatively, it may suggest
that stakeholders implicitly assumed that PA behaviour change could be achieved
primarily through individual-level approaches, or that they prioritised short-term
barriers to initiating PA over the less immediately experienced challenges of sustaining

behaviour over time.

Addressing women's knowledge and self-efficacy in relation to exercise and menopause
is undoubtedly important; yet evidence indicates that information provision alone rarely
drives behaviour change unless embedded within broader supportive environments
[36]. Among menopausal women in particular, environmental restructuring strategies



are considered essential for supporting PA behaviour change [47]. Future co-design
activities should therefore more explicitly scaffold ecological and structural level
strategies alongside individual-level ones. Notably, participating stakeholders did
acknowledge systemic and institutional-level factors, including healthcare integration
and cross-sectoral partnerships, as essential enabling strategies for the menopause-
specific PA mHealth intervention uptake and engagement.

Second, family-based support, identified in the preceding qualitative interview study as
a key facilitator of PA engagement among midlife Saudi women. Particularly, spousal
and daughter support were notably absent from stakeholder discussions during the co-
design workshops, apart from family digital support. This absence may reflect
sensitivities around discussing family matters in group settings, or around the specific
context of menopause-focused intervention, which may be viewed as less appropriate
to share with family members [33]. Given that family dynamics represent a powerful
enabler of PA participation among women in collectivist cultures such as Saudi Arabia
[80], family-based exercise features or family support mechanisms may represent a
missed social opportunity warranting further attentioin in subsequent co-design

research.

Additionally, data privacy and security concerns received limited attention during the
workshops, despite being a well-established issue in mHealth research [81]. This may
reflect stakeholders’ limited technical backgrounds, or conversely, high confidence in
national data protection regulations and MOH oversight, an assumption that appeared
to be reinforced during workshop discussions of potential regulatory supervision. Similar
patterns have been observed in co-design studies with older adults [82], suggesting
that data privacy and trust may require more deliberate exploration and prompting in
future co-design work, and would benefit from the involvement of stakeholders with
data regulation or legal expertise.

Next steps and future research directions

In line with the updated Medical Research Council (MRC) framework [83], the present
co-design study represents a pre-development stage in the intervention development
process. The immediate next step - developmental phase - will involve further iterative
refinement of the co-desighed recommendations, informed by the COM-B and BCW
mapping analysis undertaken, to strengthen the model’s anticipated behavioural



mechanisms, addressing the under-emphasised mechanisms of habit formation and
broader environmental restructuring, and translate these recommendations into
specific, tangible intervention design features. Subsequent iterative co-design and PPI
activities are expected to engage a broader range of end-users and community
stakeholders in the co-production of specific intervention content, specify active
ingredients using the Behaviour Change Technique Ontology [84], and support
functional prototyping.

As part of formative evaluation and empirical testing, a mixed-methods process
evaluation should be incorporated to assess the feasibility and acceptability of the co-
designed, tailored intervention with the intended users, and to collect preliminary
outcome data. Such data could draw on Ecological Momentary Assessment (EMA), a
self-report method for capturing real-time or near real-time data on women's PA, mood,
and symptoms in everyday settings. This stage should also explore user experiences
and engagement patterns, including minimum meaningful engagement thresholds, user
satisfaction, and preliminary effects on targeted outcomes, as well as the fidelity of key
intervention features, such as menopause-specific PA education, personalisation, social
support, and cultural tailoring. It should further examine which hypothesised
behavioural mechanisms (e.g., enhancing psychological capability, reflective
motivation, and social opportunity) were supported and which were not. Process
evaluation findings should then be rmapped against the logic model to inform further
refinement of intervention content and messaging prior to larger-scale effectiveness
trials.

Aligning with the user-centred and theoretically integrated approach adopted in this
research, the Person-Based Approach (PBA) provides a systemic framework for
maintaining a log of changes throughout the intervention optimisation, evaluation, and
implementation stages [85]. The PBA table of changes can be used to document
modifications arising from ongoing stakeholder and PPl engagement and from
qualitative process evaluation findings to ensure that the intervention remains
contextually relevant and centred on the needs and preferences of midlife Saudi

women.

In summative evaluation trials, the co-designed, menopause-specific PA mHealth
intervention should be evaluated for its long-term effects beyond short-term and
preliminary benefits. Key outcomes should include PA adherence and habit formation,



changes in menopause-related symptoms, and quality-of-life outcomes. Generating
such evidence will be essential for establishing the intervention's effectiveness among
midlife Saudi women and for supporting wider adoption.

While the current co-desighed recommendations identified system-level contextual
factors as supporting strategies for implementation, further implementation planning
with key stakeholders remains necessary. Subsequent real-world implementation
research should examine practical challenges related to embedding the envisioned
mHealth intervention within existing primary care services, national public health
initiatives, and community pathways, to inform future scalability. This may include
conducting primary research with primary care practitioners and other relevant
stakeholders regarding intervention use, and testing the potential influence of
organisational, policy, regulatory, and technical factors on the menopause-PA
intervention’s reach, uptake, and sustainability. The integration of established
implementation frameworks, such as the Normalisation Process Theory (NPT), would
usefully inform and guide the examination of implementation strategies to be adopted
[86].

The culturally tailored design recommendations generated may guide the development
of other digital public health solutions in Saudi Arabia, supporting broader health
transformation goals aligned with Saudi Vision 2030 [87,88]. Furthermore, our findings
may be transferable to other comparable cultural contexts from Arab and Muslim-
majority communities, providing a foundation for the development of menopause-
focused PA and health promoting mHealth tools, subject to further contextual
adaptation.

Conclusions

This study demonstrates the utility of co-design workshops as an acceptable and
feasible approach for generating concrete recommendations to design culturally
appropriate and potentially motivating mHealth solutions to support PA among midlife
Saudi women, an underrepresented population and setting.

Through an iterative collaborative process, contextually tailored, high-level intervention
components and system-level implementation strategies were generated in relation to
the broader social and health sysem context. These desigh recommendations



emphasised on tailoring the mHealth PA intervention to the menopause life stage, the
Saudi cultural context, and the digital literacy needs of midlife Saudi women. A
preliminary, user-centred, theory-informed conceptual framework was developed
through synthesis of the co-design findings, serving as a blueprint for future
intervention development. The empirically grounded recommendations are intended to
work synergistically to support behaviour change, offering actionable guidance for
developers, clinicians, and policymakers seeking to design more inclusive digital health
solutions for midlife women. However, the potential effectiveness of the recommended
intervention features in supporting sustained PA behaviour change remains uncertain
and requires empirical testing.

Future research should test whether these culturally grounded, evidence-informed
recommendations can be translated into effective app features that support sustained
behaviour change and improved health outcomes. The challenge ahead lies in moving
from exploration to design and delivery, ensuring that mHealth innovation reaches the
women most in need of support during this critical life transition, not only those with
existing access and literacy, thereby helping to reduce social inequalities. If successfully
implemented, this approach may also offer transferable lessons for other cultural
contexts where similar gaps exist.
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