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Abstract
Background:

Chronic musculoskeletal pain is a common condition, for which pain self-management is recommended. Digital tools offer potential to support individuals
with chronic pain, but it is unknown to what extent existing tools are responsive to the social context of Pakistanis living with chronic pain and are engaging
for them.

Objective:

This study aimed to explore strategies to enhance engagement with digitally enabled pain self-management tools among people with chronic
musculoskeletal pain.

Methods:

A mixed-methods sequential explanatory design was used. We first reviewed Android app store and published literature to identify content and engagement
strategies incorporated in digital tools. Following this, we conducted a narrative study involving adults with chronic musculoskeletal pain to capture their
lived experiences and requirements for pain self-management. Review findings were synthesised descriptively, qualitative data were analysed thematically,
and overall findings were combined to generate design and content recommendations.

Results:

Literature and app reviews revealed that digital tools commonly included components related to patient education and physical or mental therapy. They often
included engagement features such as personalization and reminders. Dietary advice and peer or social support were less commonly included in digital tools
but were commonly discussed during group discussions by individuals living with chronic pain. Nineteen individuals with chronic pain participated in group
discussions and described how their pain self-management practices were shaped by cultural beliefs and perceptions and digital health information. These
factors also influenced their decision making related to treatment choices and adoption of non-pharmacological strategies. Although participants trusted
healthcare professionals but expressed concerns about limited guidance on how to apply clinical advice in their daily lives. Moreover, they identified several
requirements for pain self-management tools, including evidence based audio-visual content and incorporating aspects related to symptom monitoring,
symptom relief and physical rehabilitation, psychological wellbeing, lifestyle management, social support, patient education.

Conclusion:

Existing pain self-management tools rarely address the social context of South Asians. While pain self-management is shaped by digital information and
cultural beliefs and perceptions, participants valued evidence-based digital resources. Therefore, future research should focus on co-developing these
resources to ensure they are clinically meaningful, culturally responsive, and supportive of patient-centred and equitable pain self-management.

Introduction

Chronic musculoskeletal pain affects nearly one third of the global population (1) and is a leading cause of years lived with disability worldwide (2). It is a
subjective experience which changes over time, influencing both treatment decisions and their outcomes (3). It is therefore a requirement that individuals do
not only receive patient-centric and collaborative care, but they also actively engage in managing their symptoms, behaviour and daily functioning, referred to
as self-management (4, 5). Effective pain management depends on both professional inputs and patient engagement with treatment (6). However, patient
engagement drives overall care and pivots on the perception of self-efficacy (i.e., one’s own capacity for self-management), which requires motivation, skills
and knowledge to maintain effective physical and psychological functioning (5). That is why, chronic pain management guidelines emphasise patients’
knowledge and skills as central components of overall pain management (7).

The chronic pain management guidelines recommend capturing the causes and effects of pain, which are influenced by multiple interacting factors (8),
including biological, psychological, and social factors (9). To understand the complex nature of chronic pain, digital pain self-reporting tools may have the
potential to capture the dynamic aspects of lived experience of chronic pain (e.g., pain causes and effects) in real time (10). Capturing such information is
not only helpful in supporting clinical care but also enables individuals to use that information to improve their self-management practices. While there is no
single agreed definition, supported pain self-management focuses on improving collaboration between patients and healthcare professionals by recognising
the need for tailored approaches to meet individual pain management needs (11), which are reflected in lived experience of chronic pain of Pakistani people
(10,12, 13). These needs go beyond individuals and include families because they collectively use their knowledge, beliefs and skills to manage chronic pain
as confirmed by Ali et al. (12) and supported by the Individual and Family Self-management Theory (14). Ali et al. found that South Asian family carers are
involved in behaviour activation of individuals with chronic pain and provided necessary support in maintaining healthy behaviours in their own social
contexts (12). This signifies that pain and its management is not only dynamic and context-dependent, but also deeply personal and shaped by individual
lived experiences.
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While the use of digital health technologies is rapidly increasing, their potential for providing scalable educational and behavioural strategies (such as self-
monitoring) leading to better pain self-management is already well established (15-17). These technologies are likely to enhance motivation, adherence,
confidence and coping in everyday context through tailored tools and approaches potentially facilitating engagement beyond clinical settings and sustaining
it over time (17, 18). In that context, personalising content to individual needs and incorporating game design elements have helped maintain motivation and
adherence (19, 20), which ultimately led to behaviour change and better self-management (21, 22). However, the digital divide may limit the potential of these
digital health technologies and reduce their long-term positive impact (10).

Despite the importance of digitally enabled pain self-management, existing interventions have shown only modest short-term improvements in pain and
physical function, with more consistent long-term benefits observed for self-efficacy in high income countries (23). Although several pain self-management
models provide structured guidance, little is known about how South Asian populations, particularly in Pakistan, manage their pain in daily life. As a result, it
remains unclear how existing self-management frameworks can be effectively adapted in this context (24). Current evidence on culturally tailored
interventions for Pakistani communities is limited and largely focused on language adaptations in high-income countries, despite differences in social and
healthcare contexts. Therefore, this study aimed to inform the design of digitally enabled pain self-management tools that promote engagement among
Pakistani individuals with chronic musculoskeletal pain. Specific objectives were: (a) To review the existing digital tools or interventions and describe their
content and design features offered to enhance engagement; and (b) To explore current practices of pain self-management and gather requirements for
content and features to inform future development of a digitally enabled pain self-management tool.

Methods
Study design

This study used a mixed-methods sequential explanatory design (25) to identify the content and design features of existing digital pain self-management
tools or interventions and guide its future development for Pakistani population. The study was conducted in two phases: the first phase involved reviewing
scientific literature and publicly available mobile apps to explore the content of pain self-management tools and the engagement strategies they
incorporated; the second phase involved a narrative study exploring lived experience of chronic pain and applying co-design principles (26) to gather user
requirements of digitally enabled pain self-management tools using a table of specification approach (27). The narrative study design was used as it is
suitable for exploring lived experience through personal stories and meanings, which people tend to assign to different events related to their lived
experience (28). The sequential exploratory design was also appropriate as the findings of the first phase guided data collection for the narrative study by
using relevant examples from the existing digital solutions, which helped contextualizing and interpreting the findings, resulting in generating actionable
design and content recommendations.

We followed the PRISMA (29) and TECH (30) guidelines for reporting results of systematic literature and app reviews, respectively. The methods and results
of the qualitative study were reported in accordance with the consolidated criteria for reporting qualitative research (COREQ) (31)

Phase 1: Systematic literature and apps reviews

We systematically reviewed literature and apps available in app stores of Pakistan to identify content of the existing pain management tools and the
strategies used to support engagement.

Data sources and search strategy

For the systematic search of literature, we adopted the search results of the previously completed scoping review, which included searching of five electronic
databases (i.e., MEDLINE via Ovid, Embase via Ovid, CINAHL, PsycInfo and Google Scholar). Detailed search strategy and screening process can be found
here (32). This approach was adopted to avoid unnecessary duplication of a recent and methodologically robust search while enabling focused re-screening
of the set of eligible studies.

For the systematic apps review, the Google Play Store of Pakistan was searched by combining “chronic pain” and “pain management” as also adopted by a
previous review (33). We only searched Android apps because a vast majority of Pakistani population is Android users (34).

Screening and selection

The systematic review by Khalid et al. (32) included 100 studies, which were reviewed again in duplicate to identify studies meeting our eligibility criteria, i.e.,
digitally enabled patient self-management tools or interventions for people living with chronic pain and have incorporated any aspect of engagement (e.g.,
translated materials, content personalisation based on needs, use of avatars, reminders) to support intervention adoption and meet individual pain
management needs. Four reviewers (AZ, SBJ, UH, YI) screened all articles in duplicate and compare their screening results, and any disagreement was
resolved by another reviewer (SMA).

For the apps review, NKL screened the description of Android apps given in the Google Play app store. The relevant and free apps were downloaded on
smartphones for further screening and extracting relevant information (using Samsung Galaxy S23 and Samsung Galaxy S10). For pay to download apps, we
used app description alone for screening purpose.
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Data extraction and synthesis

For the literature review, we extracted data related to four key domains, including study characteristics (e.g., title, authors, year of publication, country,
settings, method), population characteristics (e.g., participant type, priority group, sample size, pain type), intervention or tool characteristics (e.g., type of
tool, content format, content type, structure), and engagement strategies (e.g., personalisation or tailoring based on personal characteristics or
circumstances, game elements). For engagement strategies, we extracted data on aspects of personalisation and design elements as both are known to be
effective for enhancing engagement with digital health tools or interventions (35). Prior to the extraction, a list of data extraction items (annexure A) was
prepared and pilot tested using a data extraction template. We synthesized data descriptively using frequencies and percentages.

Similarly for the app review, in addition to intervention content and engagement strategies as described above, we extracted data related to app
characteristics (e.g., year of publication, developer, current version, etc.). We used a data extraction template, which was developed and piloted prior to final
extraction. We synthesized data descriptively using frequencies and percentages.

Phase 2: Narrative study and user requirement workshop

We organised group discussions with people living with chronic pain and healthcare professionals managing it. All these discussions included exercise
related to user requirements for digitally enabled pain self-management. Our user requirement exercise was guided by the table of specification approach
previously used for gathering user requirements for digital pain self-reporting tools (36).

Sampling, eligibility criteria and recruitment

We used purposive sampling technique to identify and recruit people living with chronic musculoskeletal pain and healthcare professionals involved in
managing chronic pain from pain, rheumatology and physiotherapy clinics in Lahore and Karachi, Pakistan. Adults (> 18 years) diagnosed with
musculoskeletal chronic pain conditions (such as osteoarthritis, fibromyalgia) or with primary chronic pain and able to provide written informed consent,
regardless of their gender were considered eligible for this study. Adults with acute pain, injury related pain or post-surgical pain conditions were excluded
from the study. Healthcare professionals, involved in managing patients with chronic pain patients in Pakistan were considered eligible.

Data collection and analysis

We collected demographic and pain experience or management related experience from all study participants (i.e., patients and healthcare professionals)
using brief questionnaires (annexures B, C), which provided useful context for our findings. Using the existing literature (37-39), we drafted a topic guide to
facilitate semi-structured group discussions with individuals with chronic pain (annex D) and healthcare professionals involved in its management (annex E).
For discussions with individuals with chronic pain, we covered topics related to pain experience, self-management practices, and support for self-
management. We also conducted an interactive user-requirements exercise to capture key aspects of pain self-management and explored potential ways to
address them through digitally enabled self-management tools. To generate ideas and meaningful discussions, we used visual prompts related to key
aspects of pain, such as pain self-reporting (40), education, diet, physical and mental therapy (sourced from online). Our review findings guided the aspects
of pain self-management and helped us selecting relevant visual prompts. For discussions with healthcare professionals, we explored the need to support
pain self-management, the role of patient education in effective self-management, patients’ misconceptions that deter self-management, and the role of
digital health technologies in supporting self-management and clinical care.

All discussions were audio-recorded, transcribed, and anonymised prior to data analysis. Two researchers (NKL, SJ) reviewed transcripts line-by-line and
assigned codes. A coding structure was developed, refined, and finalised during weekly debriefing meetings. Themes were developed to present key findings,
illustrated through participants’ quotes. User requirements were presented in tabular form, covering aspects needed for pain self-management, reason why
they are needed, and how these requirements could be met digitally.

Findings
Systematic literature and apps reviews

We reviewed 21 Android apps and 64 eligible studies (reporting on 52 tools) systematically. We identified key differences between publicly available apps
and tool reported in the literature. In the app store, we found relatively more standalone tools (n=12; 57%); e.g., tools related to physical therapy or mental
therapy than in the literature (n=9; 17%). Moreover, dietary advice and peer support were seldom incorporated in apps to support self-management. However,
tools reported in the literature incorporated peer support (n=4; 8%) and dietary support (n=6; 12%).

Majority of the tools found in literature had patient education component combined with physical and/or mental therapies (n=26; 50%). Among the tools
found in literature, majority of them were webpage-based (n=21; 41%), while mobile apps, traditional communication methods (e.g., e-mail, SMS) and
portable device (e.g., CD) were less common. Tools reported in the literature used combination of video, audio, images and text formats to deliver
intervention content (n=41; 79%). However, single-formatted tools (e.g., text only or video only tools) were more common in the Play Store apps. To promote
user engagement with tools, content personalisation or tailoring was guided by personal characteristics and circumstances of the target users, which was
more commonly reported in literature. Nonetheless, pain self-assessment or assessment done by healthcare professionals were commonly used for
personalising content of tools found in both app store and literature.
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In addition to content personalisation, game design elements were also incorporated in digital tools to promote user engagement. However, they were more
commonly used in apps available in the app store (n=17; 81%) than in the literature (n=15; 29%). Out of which, daily check-ins (n=3; 14%) and reminders or
push notifications (n=3; 14%) were more common features incorporated in apps. In the tools reported in the literature, quizzes (n=3; 20%) and performance
tables or graphs (n=3; 20%) were commonly used game design elements. Though patient education was a common component across tools (found in app
store and literature), quizzes, challenges, points, and badges were less commonly used design features. Detailed characteristics of the apps and included
studies are presented in supplementary table X, however, table 1 provides an overview of the content.

Table 1: Comparison of content found in digital tools found in the app store and literature

Characteristics Apps (n=21) Interventions (n=52)
Number (percentage*)  Number (percentage*)
Content type
Physical therapy or exercise 8 (38) Nil
Mental therapy 2(10) Nil
Pain education 2 (10) 9(17)
Combination of the above (including additional aspects**) 9 (43) 43 (83)
Content format
Video (animated or live action) 7 (33) 4(8)
Audio 2 (10) 2 (3)
Image (including infographics) 2(10) Nil
Text-based 2 (10) 5(10)
Combination of the above 8 (38) 41 (79)
Personalisation of content
None 5(24) 4(8)
Pain self-assessment 5(31) 5(11)
Pain assessed by healthcare professional 4 (25) 3(6)
Physical or mental capability 2 (13) 4(8)
Gender 1(6) Nil
Language Nil 3(6)
Combination of the above 4(25) 33 (69)
Use of game design elements
No 4(19) 37 (71)
Yes 17 (81) 15 (29)

*The sum of percentages might exceed 100% due to rounding off

** Additional aspects were peer-support, dietary advice, etc.

Key learnings from reviews
Below were the key considerations learnt from reviews, which we explored further during the narrative study and user requirement exercise.

- Literature-based interventions more commonly adopted comprehensive and multimodal approaches, whereas publicly available apps often focused on
standalone functionalities. This highlights the need to further explore stakeholder perspectives regarding requirement for different support or intervention
components.

- Variations in personalisation, educational content, and game design features emphasised the importance of understanding user preferences and
engagement needs.

- The limited inclusion of peer support and dietary advice within publicly available apps suggested potential gaps between research evidence and real-world
implementation. These findings provided a rationale for examining user expectations and priorities during the narrative study.

Narrative study and user requirement workshop
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Six in-person group discussions were conducted, including four with individuals with chronic pain (n=19) and two with healthcare professionals (n=6).
Majority of the participants (i.e., individuals with chronic pain) were multilingual (n=17; 89%), female (n=15; 79%), younger than 40 years (n=10; 53%) and of
Punjabi ethnic background (see table 2 for details). Half of the healthcare professionals were male (n=3) and majority had pain management experience for
more than 10 years (n=5; 83%), representing general physician, physiotherapy and psychology.

Table 2: Characteristics of participants living with chronic musculoskeletal pain (n=19)

Characteristics Number (percentage)
Age

18 - 40 10 (53)
41 - 60 7(37)
Above 60 2 (10)
Gender

Female 15(79)
Male 4(21)
Ethnicity

Punjabi 17 (89)
Sindhi 2(11)

Speaking language proficiency

Punjabi, Urdu or both 11 (58)
Punjabi, English and Urdu (or Sindhi) 6 (32)
Urdu and Sindhi 2(10)

Formal education

Up to five years of education 9 (47)
Secondary or higher school 6 (32)
College or University 4(21)

Employment status

Full or part time employed 11 (58)
Unemployed (student, housewife) 7 (37)
Retired 1(5)

Family income (in USD per month)

Less than 200 9 (47)
Between 200 and 400 7 (37)
Above 400 3(16)
Pain type

Primary pain 8 (42)
Secondary pain (e.g., RA, OA) 11 (58)

Through iterative coding and thematic analysis, we developed three themes, including: (a) socially constructed lived experience of chronic pain; (b)
treatment perception shaping relationship between clinical advice and self-management practices; and (c) challenges and opportunities in the digital era for
better pain management. These themes are illustrated with participant quotes.

(a) Socially constructed lived experience of chronic pain

Participants’ pain lived experiences were not shaped in isolation; rather they were formed in a broader social context. Participants described that their pain
lived experiences, including pain self-management practices, were shaped by social expectations related to their age and gender. For example, chronic pain
is normally attributed to ageing and is often considered inevitable, as one of the participants described it as:

‘I personally feel it's because I'm old. | even joke about it with my husband....he says...age is not the reason of pain’ (Punjabi female patient aged 25-35)

Participants described the supportive role of family in recognising their problem sooner and supporting pain management. Moreover, healthcare
professionals also confirmed the perspective of patients about ageing and chronic pain:
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‘There is a misperception regarding ageing and disease. Patients believe that once they cross 40 years of age, developing such conditions is inevitable and it's
normal so they accept that this is how the rest of their life will be’ (Female HCP, Psychologist)

Similarly, the gender norm of performing household chores was perceived as a hurdle in getting recognition of their problem. That is why, while referring to
family members one female participant mentioned that ‘they thought, | am pretending’. Given that context, people assigned more value to pain consequences
(e.g., impact on daily functions) than to pain intensity. One of the participants mentioned:

“You tell how much force is required to beat an egg? But | cannot do that.”

(Punjabi female patient aged 65-75)

Moreover, socio-economic status also affected people’s ability to manage their conditions as one participant described it as:
‘Sometimes medicines are either not available or too expensive... so we leave the treatment in the middle’ (Punjabi male patient aged 35-45)
(b) Treatment perception shaping relationship between clinical advice and self-management practices

Participants expressed their trust in healthcare professionals, but their advice was not consistently followed or adopted. Concerns about medication safety
and limited implementation guidance mainly shaped their self-management practices. For example, regular medication use was perceived harmful because
of its long-term effects, and one participant described it as:

‘Medicine should be taken as sparingly as possible because it can eventually affect your kidneys’ (Punjabi female patient aged 30-40)

This negative perception about medication led to self-medication practices of participants, without seeking advice from healthcare professionals: One
participant described their experience as:

‘Whenever | experience pain, | make a conscious effort to take as little medicine as possible’ (Punjabi female patient aged 30-40)

While participants mentioned their reliance on medication for severe pain episodes only, they preferred non-pharmacological approaches to manage their
pain:

‘Anything, other than medicine. | would prefer anything other than medicines to help ease my pain’ (Punjabi female patient aged 50-60)

Despite preference for non-pharmacological approaches to pain management, participants’ adoption of physical activities and exercises was relatively poor.
One participant described its reason as:

‘Doctors told us to do exercises...but they did not explain how exactly to do it’ (Punjabi female patient aged 30-40)

However, healthcare professionals mentioned exercising extra caution as a barrier to exercise adoption behaviour at home. However, health professionals
also recognised the limitation of healthcare system:

‘A 10 to 15-minute consultation isn’'t a one-shot solution’ (Male HCP, Orthopaedic Surgeon)

Without proper implementation guidance, self-management became individually interpreted and culturally mediated. That is why, a range of traditional home
remedies were commonly adopted, particularly for early and mild symptom exacerbations. For example, one participant mentioned:

I did massage with olive oil and | started feeling better the next morning’ (Punjabi female patient aged 65-75)
(c) Challenges and opportunities in the digital era for better pain management

Given the limited implementation guidance and negative medication perception, many participants reported accessing digital tools or information to
supplement clinical advice and reinforce their self-management practices. One participant gave an example:

‘I always search about healthy lifestyle... how much walk a person should do daily’ (Punjabi male patient 40-50)

While accessing digital tools or information reflected agency and motivation, participants expressed uncertainty and confusion regarding information
abundance. One participant described it as:

‘There are a thousand different people giving a thousand different types of advice’ (Punjabi female patient aged 30-40)
Another participant said:
‘Anyone can make anything and post it.. we cannot trust them’ (Punjabi female patient 55-65)

Despite these challenges, participants expressed willingness to access digital information and guide their self-management practices. For this, they
mentioned the role of healthcare professionals in preparing and recommending information. Participants mentioned the information need as:
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‘If someone gives me truly good advice that works, | would be more than willing to do it’ (Sindhi female patient aged 35-45)

‘If some doctors have made mobile application, then it will be easier for me to believe in it’ (Punjabi male aged 35-45)

After exploring socially constructed lived experiences of chronic pain and its management, participants mentioned their requirements (referred as content
domains) for a future digital tool to support self-management of chronic pain. In addition to its content, participants also shared their ideas about how the
content could be delivered and engagement with it could be ensured. Table 3 outlines key domains and engagement strategies relevant for digitally enabled

pain self-management.

Table 3: Requirements for digitally enabled pain self-management
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What Why

(aspects for pain (Pat represents patient, HCP represents
self-management) healthcare professional)

Symptom monitoring

Pain self-reporting Pat: It may help explaining pain experience
and sharing it directly with clinicians

HCP: Real-time pain self-reporting may
promote personalised care and build
patients’ confidence in pain self-
management

Psychological wellbeing

Stress Pat: Stress takes a huge toll in pain
management experience, but knowledge about how to
manage it is limited.

HCP: Chronic pain causes stress and vice
versa and this cycle needs to break because
good mental health promotes hope and
ability to self-manage pain.

Sleep Pat: Chronic pain affects quality of sleep,
which leads to severe fatigue and poor
quality of life.

HCP: Sleep hygiene is important as poor
sleep may trigger pain and make pain
management less effective

Spirituality Pat: Religion plays an important role because
we believe that a strong connection with God
and listening to Qur'anic verses may ease our
pain.

HCP: People with good spiritual connection
and strong belief may have better endurance
and motivation to manage their pain

Symptom relief and physical rehabilitation

Physical therapy Pat: Performing stretching exercises may
help flex muscles

HCP: Doing specific exercises targeting
affected muscles may strengthen them and
improve their function

Heat therapy Pat: Use of hot water bottle or shower may
help ease the pain, particularly in winter

Body massage Pat: Applying and massaging turmeric paste,
aloe vera gels or oil may ease pain

HCP: Patients rely more on remedies, and
they are not always effective

Lifestyle management

Physical activity Pat: Though physical activity may support
weight reduction and pain management,
guidance on pacing is required to avoid pain
worsening.

HCP: Fear of pain limits people’s activity,
which causes further muscle stiffness and
pain

Diet Pat: Diet is an essential constituent of our
pain experience but knowledge about healthy
food choices is limited

HCP: Guidance to control weight and
manage pain is needed because current
dietary choices are guided my myths, which
are aggravating pain and inflammation.

Postural Pat: Some daily activities (e.g., lifting things)
awareness may trigger pain because of poor postural
awareness.

HCP: Poor biomechanics and bad postural
awareness while performing daily tasks (e.g.,
lifting things, getting out of bed) may trigger
or aggravate pain

How

(content and engagement strategies)

Reporting pain site, onset, aggravating or relieving factors in visual and audio
formats

Guidance on meditation, mindfulness and relaxation techniques; Setting
personalised goals and developing action plans; Use of emojis for digital mood
tracking to convert negative thoughts into positive); Chat function to
communicate with psychologists

Interactive Chinese sleep clock to improve sleep habit; Videos providing guidance
on improving sleep patterns, e.g., deep breathing exercises, audio sounds or
music that may induce sleep

Audio recordings of relevant Qur'anic verses and lectures of religious scholars to
promote self-reliance and motivation

Animated videos to provide guidance on training or strengthening specific areas
(e.g., lower back, hand); Goal setting and progress tracking; Use of rewards and
badges for encouragement

Text containing information on how and when to apply or use heat therapy

Evidence-informed education on commonly available remedies or solutions
covering Dos and Don'ts in pictorial charts

Personlised and coach-led fitness training program and in-app guidance to boost
confidence to complete physical activities; Setting personal goals and action
plans (e.g., 10 mins walk on terrace)

Evidence-informed guidance on healthy food choices; Game or interactive
exercises on healthy food choices and encouraging their adoption via reward
system; Information presented in diet charts as Dos and Don'ts; Easy food recipes
in short video form

Audio-visual content on educating correct postures related to key daily and
culturally relevant tasks, e.g., kneading dough, using cooking spatulas, lifting
things; Use of avatar and representative visuals (e.g., kitchen)
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Patient education

General pain
education

Self-medication

Pat: It may help understanding our condition
and underlying reasons

HCP: Patient education improves treatment
success rate and shapes self-management
behaviours.

Pat: Availability of NSAIDs and opioids and
information about medications may

Awareness messages about causes of pain and approaches to manage them in
form of animated videos and audio recordings; Structured interactive and
culturally appropriate educational modules (e.g., using female doctor avatar) in
different languages (e.g., Urdu language with subtitles in English) and quizzes to
promote learning

Audio-visual educational content on correct usage of drugs and their side effects;
medicine tracker; Quizzes and alerts to promote safe medication practices

encourage unsafe medication practices

HCP: Self-medication practices are resulting
in opioid addiction and NSAID intake without
prescription is resulting in renal damage,
ulcers and drug reactions.

Social support
Family support

Pat: Family’s recognition of the problem and

General awareness about chronic pain and its management and role of family
support in managing pain is essential

members in it; Interactive game, involving patient and their carer, which may
promote family carer involvement

HCP: Family members may help monitoring

and motivating patients to adopt a routine

(e.g., daily walk)
Peer support Pat: People with similar pain experiences

Video of success stories of people with similar experiences; Group challenges or
may support and motivate each other.

games with badges and rewards; Peer support programs

HCP: Information circulated through peers is
not personalized and can be hazardous.

Discussion

This study highlights a mismatch between the existing digital pain self-management tools and the pain self-management needs of Pakistani population. We
found more standalone tools in the app store, majority of which focused on physical and mental therapies. Tools reported in the literature used combination
of formats (e.g., video, audio, images, text) to deliver educational content, while single-formatted tools were more common in the Play Store apps. Play Store
apps more commonly used design features to promote engagement with the content, and aspects related to peer support and dietary advice were more
commonly reported in the literature, which were consistently highlighted in group discussions. Findings suggested substantial reliance of people on culturally
influenced pain self-management practices, which were also strengthened by their negative medication perceptions and lack of patient education
opportunities. These practices were largely influenced by cultural beliefs and perceptions and digital information, rather than guided by professional advice.
To manage pain effectively, they identified several requirements for pain self-management tools, including evidence based audio-visual content and
incorporating aspects related to symptom monitoring, symptom relief and physical rehabilitation, psychological wellbeing, lifestyle management, social
support and patient education. They also supported use of diverse engagement strategies (e.g., personalisation, avatar, quizzes etc) for sustained use and
benefit.

Evidence suggests that individuals with chronic conditions frequently seek health-related information from non-clinical settings, including friends and family
and online platforms (41, 42). The quality of health information is highly variable, often lacking accuracy and completeness (43, 44), which was also
mentioned by our study participants. Participants also recognised that this information is often shaped by personal beliefs rather than evidence-based
guidance, potentially reinforcing misconceptions and unsafe self-management practices (45). While participants suggested approaches (e.g., clinician
recommendation) to improve trustworthiness of health information, future research should focus on developing evidence-information guidance to support
pain self-management.

We found strong preference for non-pharmacological approaches, particularly for dietary home remedies. These preferences are mainly shaped by negative
perception about medications and their side effects and influence of cultural beliefs and perceptions (12). Despite the focus on dietary self-management,
current pain management guidelines provide limited dietary guidance, primarily focusing on general healthy eating or recommending Mediterranean-style
diet (46, 47). However, specific dietary advice, such as anti-inflammatory diets, is found be effective in reducing inflammation and improving pain outcomes
(48, 49). Moreover, lack of focus on dietary advice, as we found in our systematic reviews, highlighted a disconnect between patients’ needs and existing
resources. This also reflects a lack of cultural responsiveness, as current dietary advices do not account for local food choices, culinary or household dietary
practices in Pakistan (50). In general, cultural adaptations of dietary interventions were noted for ethnic minority groups living in high-income countries for
the management of long-term conditions, whereas such adaptations are largely absent in low- and middle-income settings like Pakistan (51). Therefore,
future research should focus on developing evidence-based and culturally responsive dietary guidelines, supporting patients in dietary self-management of
pain.

The study had several key strengths. By integrating the findings of systematic reviews with insights from both individuals with pain and healthcare
professionals, the research provides a comprehensive overview of what is available and what needs to be considered for future digital pain self-management
tools or interventions. This mixed methods approach facilitated a robust triangulation of data, thereby enhancing the validity of the results. In addition, the
focus on cultural and social contexts, including dietary practices, social norms, and household dynamics addresses gaps which are underrepresented in
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digital health research. Despite these strengths, the study also had some limitations. Searching apps in Apple store and recruiting family carer could enable
further insights into current state of digital pain self-management apps and pain self-management experience. Moreover, the limited representation of men in
our sample may restrict the generalisability of our findings. In addition, we organised focus group discussions only, which may have introduced social
desirability bias and influenced the reporting of self-management practices. Future research should include more diverse population subgroups and provide
flexible participation options (i.e., interviews and group discussions). Researchers and technology developers should also prioritise the development and
evaluation of digital pain self-management tools in low resource settings to address higher pain management needs of Pakistani populations both within
Pakistan and abroad.

Conclusion

Several pain self-management tools and interventions exist but none of them is responsive to social context of South Asians. While commercially available
tools (Play Store apps) integrate interactive design features more frequently, tools described in the literature tend to offer richer educational and support
components, such as dietary guidance and peer support. This suggests that commercially available tools may prioritise usability and retention, whereas
research-based tools or interventions may place greater emphasis on multimodal and holistic pain management. In real-world context, pain self-
management is more commonly shaped by digital health information and individuals own cultural beliefs and perception. While there is a desire for the use
of evidence-based information and tools, future research should focus on co-designing and co-developing digitally enabled pain self-management tools to
ensure that digital tools are both clinically meaningful and responsive to users’ own social and cultural contexts. This way pain self-management approaches
would be more patient-centric and equitable.
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